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UPGRADING THE RADIO REPAIR BENCH 
BY ED LYON  

 
Many of us who collect old electronics stuff get into the business of repair and restoration of the things we collect, 
and even fix up fellow collectors’ radios if they get stumped or have a swap deal that is appealing.  This is a tale 
of upgrading the test equipment used in such repair/restoration, and what I looked for in the upgrade process.  

Some of the gear described here will be put to work and further described in the repair and instrument seminars 
on June 26th at the RadioActivity-2015 meet in Timonium, Maryland. 

M ANY vintage radio collectors use 
near-vintage test gear on their service 
benches when restoring or rebuilding 

a radio chassis.  There are 
several reasons for this, 
one being that the 
alignment steps in data 
provided by Rider, Sams, 
and the manufacturer’s 
service manuals, for 
example, can be followed 
rather directly using test 
gear common to the 
period.  Other reasons 
come up, another being 
tha t  the  vo l tages , 
impedances, and signal 
frequencies present in old 
radios and televisions are 
more compatible with test 
gear made for those sets.  
It is a fact, for example, 
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that some modern test methods that merge a 
laptop computer or an i-pad with a test appliqué 
and its diagnostic leads could be damaged by 

any accidental or purposeful 
contact of the test prods with a 
receiver’s B+ or plate connections. 
 
With this in mind, and being rather 
tight-fisted when spending on 
electronics, I opted, at an early 
period in my electronics collecting 
for an instrument for the work-
bench providing and analyzing 
spectral data using a sweep-
frequency system.  It was a huge 
setup, weighing about 120 pounds, 
and mounted in a 19-inch relay 
rack, a Model SSB-4 spectrum 
analyzer made by Singer Metrics/
Panoramic.  Yes, this is the same 

(Continued on page 3) 
My Singer (Panoramic) SSB-4 spec-
trum analyzer, way too big for my 
bench, long targeted for replacement 
by one that was smaller, lighter. 
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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 $24per 
year in the US, $36 in Canada, and $60 elsewhere, all payable in 
US dollars. Two-year, three-year, and life memberships are 
available; contact the Membership Chair . All checks are payable to 
MAARC and, for new members, must accompany the membership 
application, which is available from the Membership Chair or the 
MAARC website (www.maarc.org). If you change your mailing 
address, email, or phone number, please notify the Membership 
Chair immediately so corrections can be made to Radio Age’s 
mailing list. The Post Office will not forward your newsletters. 

Back issues of the MAARC Newsletter from Vol. I, No. 1 (August 
1984) and most issues of Radio Age from Vol. 1, No. 1 (October 
1975) are available for $3.50 each postpaid from the Membership 
Chair. 10 percent discount on orders of 12 or more back issues and 
15 percent on orders of 60 or more back issues. Make checks 
payable to MAARC. 

Submissions to Radio Age are welcomed. Typewritten copy is 
preferred to handwritten. Articles should be submitted in PC format, 
preferably via email or on a CD or flash drive, in MS Word, Word 
Perfect, Wordpad, or RTF format, without fancy formatting, 
because the editors will have to modify it anyway. Photographs, if 
hardcopy, should be high quality black and white or color. Softcopy 
graphics files should be in TIFF or JPEG formats; contact the 
editors for further guidance. Send your submission to either editor 
and include your name, address, phone, and email. 

MAARC MONTHLY MEETINGS. 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 entire contents of this publication are copyright ©2014 Mid-Atlantic 
Antique Radio Club, unless specifically marked otherwise on each article. 
Generally, all articles in Radio Age may be reprinted, provided specific 
permission is first obtained from a Radio Age editor (and the copyright 
holder, if not Radio Age) and full credit is given. 
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Singer that made sewing 
machines as early as the 
nineteenth century, but had split 
off from the domesticated 
branches of the company, and 
became deeply involved in 
defense electronics, as HRB 
Singer [1].  This unit was not in 
operating condition, owing to a 
failed Sola constant-voltage 
transformer that fed a major part of the analyzer 
electronics suite.  I always thought Singer must 
have had to resort to use of this transformer as a 
last-ditch effort to control drift in something that 
was failing to allow them to ship the first of these 
systems.  I would have thought that regulation of 
d-c voltages in any such “drift-prone” chassis 
would clear up these drift problems, and in a 
more effective way, but perhaps they had an a-c 
problem rather than one with B+ or bias 
voltages.  Maybe they had a tube heater problem 
of the sort you sometimes see when a tube is 
being run at the limit of its available 
transconductance, where a slight heater voltage 
dip might cause output problems. 
 
At any rate, I never set the SSB-4 monster up for 
use on the bench, but it is the one I had used in 
field tests back in the 1960s at Homestead AFB 
in Florida, so I knew what it could do.  If 
troubleshooting a transmitter, for example, 
letting a small part of the transmitter output into 
the analyzer will show exactly how “clean” the 
output signals are, whether there are spurious 
output signals or harmonics of the intended 
transmitter signal, for example.  When the 
transmitter is voice-modulated, the analyzer can 
depict on its oscilloscope screen the voice-
sidebands around the transmitter carrier signal, 
so they can be checked for balance.  In ham 
transmitters using single-sideband, the analyzer 
can show whether the unwanted sideband is 
well-suppressed or not, or whether the carrier or 
any of its harmonics appear. To facilitate probing 
around in a receiver or transmitter, the SSB-4 is 
equipped with a special cathode-follower probe 
and test cable so the measurement does not upset 
the circuit under test. 

(Continued from page 1) 

 
For use with receivers, a spectrum analyzer can 
display the complete signal spectrum available in 
the band in which the receiver is tuned.  Then, by 
switching the spectrum analyzer input probe to 
various stages in the receiver, the performance of 
the stages upstream of the test point in rejecting 
all but the desired signal in that spectrum can be 
seen and measured.  The total signal span 
observable at the analyzer’s output runs of the 
order of 60 to 65 decibels, over a million to one, 
meaning it can show spurious signals as small as 
60-65 dB below a desired or intended signal’s 
level.  For the old timers among our readers, this 
unit uses 34 tubes – plus a dozen transistors and 
11 silicon rectifiers. 
 
Now, the Singer SSB-4  level of performance is 
really not very impressive today, in the face of 
modern spectrum analyzers such as the large 
variety offered over the past 30 years by 
Hewlett-Packard (now Agilent, instead).   I had 
become familiar with a capable H-P model, 
3585A, while working at the Air Force’s Over-

(Continued on page 4) 

Two screen-shots of the Singer SSB-4 showing FM spectrum of an IF 
amplifier signal, low (L) and high ® modulation index.  
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spectrum analyzer input resistance, looking into 
the power plug, was a few ohms (d-c), and so 
was probably still feeding a power transformer of 
some sort.  The owner was patient, and allowed 
me to open the top of the unit, and there was a 
split-open 10-ohm 2-watt resistor running 
between two sections of a huge filter capacitor.  
Looks like there was a short somewhere on an 
Ebb line, possibly repairable, so I took a chance 
and bought the unit.  Hopefully, I will find some 
time and open it up to get a better look at the 
insides, and try to fix it.  I can see all sorts of 
ways this unit may help me fix up radios. At 
least it will fit on a bench, not like the 120-pound 
Singer monster.  Nope, this new, all solid state 
H-P model runs about 70 pounds.  You know, in 
decibels, this isn’t much lighter.  And it doesn’t 
upgrade my bench yet, either. 
 
Another refinement I had always wanted for 
improving my repair bench complement was a 
better oscilloscope.  For almost 20 years I have 
been using a Tektronix 535, and to date I had to 
replace only one tube and one capacitor in it, 

(Continued on page 5) 

the-Horizon radar project in Maine from the late 
1970s to the mid 1990s.  This was a compact 
(relative to the SSB-4) table-top instrument with 
a flat-screen CRT display and keypads for 
entering commands.  The total operating 
frequency span is 20 Hz to 40 MHz, with any 
conceivable portion of this spectrum displayed 
across the CRT screen at any time, from a few 
kHz to the full 40 MHz.  Amplitude-wise, the 
vertical scale of the CRT shows the power in the 
various signals displayed over a 100 dB span, 
with an actual usable dynamic range of just over 
80 DB.  We used this device, coupled to an H-P 
desktop computer, to scan the HF spectrum from 
5 MHz to 30 MHz to find open or unoccupied 
channels in which to operate the OTH radar.  
Under computer control, the H-P 3585A could 
scan the spectrum repeatedly and catalog the 
resulting “signal-vacant” frequencies, sorting 
them as to residual noise levels in the channel 
candidates, and number of scans (out of 100) that 
each candidate channel was chosen, along with 
the recommended channels, arranged in order of 
least to most likely to cause interference to 
neighboring channels. 

This was a most useful tool in HF spectrum 
analysis.  Fairly recently, quite by chance, I 
found the same model offered for sale “as-is” in 
an electronics flea market.  The price was cheap, 
since the unit failed to start up when power was 
applied, but I thought it might be a real junker, 
so I rummaged through the car and found my 
trusty Fluke digital multimeter.  I set it to 
resistance measurement and found the H-P 

(Continued from page 3) 

Tektronix 545 oscilloscope with 53/54C plug-in 
preamplifier installed. (very similar to Tek 535). 

This H-P 3585A spectrum analyzer (an Ebay item) 
would make a fine addition to a shortwave-type’s 
ham shack. 80 dB of dynamic range from 20 Hz to 
40 MHz, and more sensitive than most receivers. 
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and is easy to use once you bother to look at the 
knob labels. 
 
Oh, yes, I have been deluged with glowing 
reports of the wonders of do-it-yourself kits as 
well as factory-made packages for making your 
laptop computer or i-pad (I think that’s the term 
for those Apple or Sanyo hand-held things) act 
like an oscilloscope.  The simplest of these 
things uses the computer’s sound-card as a two-
channel analog-to-digital converter (ADC) for 
inputs from test prods, and then software does 
the formatting and interfacing to the display part 
of the computer.  More elaborate units supply 
their own ADCs, and can presumably handle 
higher input signal frequencies, since the highest 
actually feasible in the case of sound card inputs 
is of the order of 20 kHz (the ADC sample rate is 
around 100 kHz.).  Thus, the cheap units can be 
used for audio systems, but not radio 

frequencies, and they suffer from heavy loading 
of the circuit being tested, as the test leads are 
plain long-ish wire connections to the circuit 
under test, and the input loading of the ADC is of 
the order of 10K ohms. They are all restricted as 
to input voltages, even momentary brushes with 
a radio’s B+ being fatal in most.  These devices 
might be great WOW, MOM additions to an 
audio studio, showing multicolored sound 
“waves” and spectra dancing on the screen, but 
they add little to the radio test bench. 
 
However, recently, while researching test gear 
for a seminar to be presented at RadioActivity 

(Continued on page 6) 

even though several of its capacitors look like 
“Black Beauties.”  In addition, I still have the 
military version of the Tektronix 545 that I got at 
a Canandaigua meet in 1985, but I cannot lift it 
any longer, as it seems to have gotten heavier 
with age (but it still works well).  The 535 and 
545 are very similar, the difference being in the 
performance at higher frequencies, with the 545 
boasting an upper-end frequency of 30 MHz, 
while the 535 runs out just under 15 MHz.  Both 
are superb for AM radio repairs (and FM sets 
from the IF stages onward).  Since these ‘scopes 
are d-c capable, one can simply probe around 
inside a faulty radio and see what voltages (along 
with any signals superimposed) are on any 
terminal of any component in the set, and pretty 
much isolate problems in a few minutes.  But 
they are large, and should be on Tektronix 
‘scope-carts, so they can be moved out of the 
way when the measurements are through, but, 
not having a cart I found I had to bring the work 
to them, instead of the other way ‘round.  So I 
shopped for a smaller ‘scope. 
 
I thought I had found the answer in a Tektronix 
310 in good running condition that was 
beckoning to me from a tailgate a few years 
back, at one of MAARC’s RadioFallFest meets.  
The price was reasonable, so I got it, along with 
a good Tektronix 10X probe.  I have used it 
some, but find the 3-inch screen is a bit small, 
and gets smaller each time I celebrate a birthday.  
Also, this model was laid out in a weird fashion.  
Most all ‘scopes have their Y-axis controls (volts 
per scale division, vertical position adjustment, 
vertical mode switch (a-c, d-c inputs) and the Y-
input co-ax connector somewhere in the lower 
left area of the front panel.  And most ’scopes 
have the X-axis (sweep axis) controls and 
connectors, like sweep speed, sync functions and 
settings, sweep expansion, X-positioning 
adjustment, and the like, in the right half of the 
front panel.  Well, the 310 has reversed all this, 
and I am constantly changing the sweep speed 
when I intend to raise the Y-axis gain a notch, or 
vice versa.  And, of course the 310 has only one 
Y-axis input channel, not two, like the 535 and 
545 [2]. But the 310 ‘scope is light and portable, 

(Continued from page 4) 

The BK Precision 2160 ‘scope I bought on Ebay to 
replace the Tektronix 535 and 545 models. 
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conditions, to see what sort of audio response 
they had.  Originally I used a Hewlett-Packard 
200-series audio oscillator (Bill Hewlett’s thesis 
subject) and an oscilloscope to make these 
measurements, but recently remembered that I 
had picked up a nifty Krohn Hite  1200A Sweep 
Generator a few years back, and tried it out, 
rather than making repeated dial-spinning 
measurements with the H-P 200 audio generator.. 
 
The Krohn Hite 1200A is basically a signal 
generator whose signal frequency is controlled 
by a voltage.  The user may apply the voltage, or 
set it to various levels made up inside the 
instrument, controlled by a front panel knob 
labeled in frequency.  This dial is actually 
marked 0.2 to 300 in about 300 degrees of 
turning.  Then there are multiplier buttons, 1X, 
100X, and 10,000X, which multiply the dial 
readings by those factors, the result being the 
output frequency in Hz.  Thus the generator 

(Continued on page 7) 

2015 in June, I stumbled on an Ebay offering of 
a very clean, well-maintained BK Precision 
Model 2160 solid state ‘scope.  That was a 
model I had studied for the presentation, and was 
recommending it to my audience, based on its 
specifications, apparent availability,  and favor-
able description, in correspondence with a user 
of this model.  So I bid on it and got it, and it is 
probably the easiest ‘scope I have used on the 
bench, and it is able to take reasonably high 
voltages (400V) on its probes without sparking 
any transistors inside. It came with two new 
probes, switchable from 0 dB or 20 dB 
attenuation (I leave it always on 20 dB), and can 
display inputs to 60 MHz frequency.  It is 
lightweight and stable, and has great flexibility 
in using its X-axis.  In addition to the usual large 
span of sweep speeds, it can operate with 
delayed sweep and with a full-spectrum X-input 
amplifier that allows Y vs. X plots on the screen.  
I tried this feature out immediately, since I had 
been measuring  the audio bandpass 
characteristics of a number of old 1920s three-
dialers’ audio interstage transformers from my 
junkbox. 
 
I had seen many articles in 1920s radio 
magazines reporting the fine audio quality from 
receivers of the day.  Even in cases where the 
radio in question used a horn speaker, there was 
often  great fuss made over the “,,,excellent 
quality of the sound from this set, especially 
musical numbers…”  Sure.  I had measured 
several under various loading and driving 

(Continued from page 5) 

 

FOR THE RECORD: 
 

The March 2015 meeting of the Mid-Atlantic Antique Radio Club was held at the usual Davidsonville Recrea-
tion Center venue on 15 March, in relatively decent weather, considering the fact that winter has been hanging 
on for a long time, apparently unaware of global warming.  Domi reported the auction net revenue at $150.80. 
 
The April 2015 meeting of the Mid-Atlantic Antique Radio Club was held on 19 April in beautiful weather at the 
Sully Station (northern VA) site, amid a profusion of flowers and blossoms in that park-like setting. Approxi-
mately 41 members attended.  The Show-’n’-Tell session revealed two of Geoff Shearer’s recently-restored 
gems, an Emerson “Mae West” and a Sparton “Sled,” as well as a WW2 IFF transceiver built by GE using rela-
tively rare early GE loctal tubes, actually made by GE, and not re-branded Sylvania tubes.  Steve Hansman had a 
typical Show-’n’-Ask object, a kid’s premium ring showing a bicycle on each side and what looks like a bike 
headlight on the top, with lightning bolts on each side, as well.  Could be a radio or bicycle club premium. Mike 
Kendall showed his Simplex L, exactly like the mini-cathedral featured in the March Radio Age. Dick Cassidy 
presented his adventures as a Radio station engineer, enjoyed by all.  Auction results not available by press time. 
 

 

This Krohn Hite 1200A generator produces swept- 
or fixed-frequency test signals from 0.2 Hz to 3 
MHz, replacing an RF generator, audio generator, 
and sweep-frequency generator, for my bench. 
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produces a signal at any desired amplitude level 
from 5 millivolts to 20 volts, at a frequency from 
0.2 Hz to 3 MHz.  The frequency control dial, 
however, can be switched to indicate the upper 
frequency of a linear sawtooth frequency sweep, 
where the starting frequency in each sweep is set 
by a separate knob.  Thus we have a sweep-
frequency generator able to sweep any band from 
0.2 Hz (sub audio) to 3 MHz, making it very 
useful for measuring audio components and 
amplifiers as well as IF stages in AM receivers 
and the receiver front-ends, as well, up to 3 MHz. 
 
As if this weren’t enough the Krohn Hite 1200A 
also outputs the sawtooth waveform that it 
generates to sweep the frequency, so you can 
trigger your oscilloscope with the start (or other 
spot) of the sweep.  And that voltage-controlled 
oscillator in this instrument also has an input 
BNC connector that allows the user to input his 
own voltage to control the frequency, such as a 
sinusoid or voice or music, thus producing FM 
directly.  Next to that voltage-input BNC is 
another, labeled CV output, which is the actual 
control voltage governing the oscillator 
frequency.  When the unit is set as a sweep-
frequency generator, this output will be a 
sawtooth-shaped waveform, of course, but its 
start voltage and ending voltage will be set by the 
two limit-frequency-setting controls.  This last-
named function is precisely what one needs the 
oscilloscope to display as its X axis, while the Y 
axis may be switched to either the sweep 
generator output, the input to the unit under test 
(if driven, for example via an impedance 
simulating the radio’s driving tube), or the output 
of the unit under test.  In my case the unit under 
test is an old audio interstage transformer, and 
the impedance used in series with the sweep 
generator’s output is a resistance of perhaps 15K 
to 47K ohms, depending on the tube and its 
voltages, this resistance representing the driving 
tube’s plate resistance.  I grabbed a handful of 
audios from the junkbox, including Amertrans, 
G-R, Silver Marshall, RCA, and Atwater Kent, 
and started testing. 
 

Continued from page 6 

In examining the passband characteristics of 
those old audios, it is a interesting to see what 
happens to the audio frequency response with 
various load impedances on the transformer 
secondary, with various impedances simulating 
the plate resistance of the driving tube, and with 
(and without) a few milliamps of plate current 
flowing..   All these conditions are sometimes 
found in old radios, but the highest possible total 
signal gain was always the main objective, and 
the secondaries of audios in these radios are 
typically unterminated in loads, other than the 
grid of the next stage.  But it is disappointing to 
see what sort of audio frequency response you 
get under those conditions.  It may be 

(Continued on page 9) 

(Above) Here’s the Krohn Hite 1200A atop my BK 
2160 ‘scope, looking at the frequency response of 
a Rauland 1:3 interstage audio transformer (1926 
vintage).  Horizontal ‘scope span is 20 Hz to 10 
kHz.  Transformer looks well-behaved, as it has a 
160K resistor load added to tame the low fre-
quency resonance, as seen below. 
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By some quirk of fate, that assignment, lasting 
about two weeks, was followed almost immedi-
ately by a visit to my employer’s facility in Co-
lumbia, MD by an entourage of officers of our 
parent company, ITT, who came to tell us that 
our plant was being closed, and we should either 
move to New Jersey or find employment else-
where.  One of the first activities that followed 
that visit was a tremendous auction of company-
owned capital equipment, including dozens of 
Racal RA-17 receivers, Hammarlund SP-600 
receivers, Collins transmitters, National HRO-
60s, Tektronix and Hewlett Packard test gear of 
all types, and the Panoramic spectrum analyzer I 
had just unpacked from the Florida trip.  At that 
time the Panoramic Instrument outfit was owned 
by Singer Metrics, soon to be named HRB 
Singer. At that auction I remember buying sev-
eral Racal receivers, several SP-600s, a couple 
H-P signal generators, and the Singer Metrics/
Panoramic spectrum analyzer.  I also won the 
auction of four or five large metal cabinets for 
storing all this loot and a two-drawer safe, for the 
manuals.  I did not win any of the Tektronix or 
high-end Hewlett-Packard gear, but made who-
ever did win those pay a lot more than they 
would have in my absence.  I used up a portion 
of my severance pay in this auction. 
 
I still have the Singer Metrics/Panoramic ana-
lyzer, better described in the article that starts on 
page 1 of this issue of Radio Age, but which will 
definitely not be a physical part of the seminar in 
June, simply because of the sheer weight of the 
equipment, something over 120 pounds.  But it 
surely is elegant, as anyone who used Panadap-
tors would agree. 
 

I N reviewing the contents of a box of NOS 
and used RF and IF transformers and coils a 
few weeks ago I thought I would use my 

Krohn Hite sweep generator and ‘scope to make 
the job faster, enabling very easy sorting of all 
the IF transformers, which were the most plenti-

(Continued on page 14) 

R ADIO Age and your editor 
have been cited, with foot-
notes, several times in the 

April 2015 issue of Tube Collector, 
the journal of The Tube Collectors 
Association.  That issue of Tube 
Collector carried very interesting 
stories about  three subjects.  These 
were: (1) Zenith’s ultra-miniature 

“Microtubes,” (2) Arthur Samuel’s thankless ef-
forts in the 1935-1945 decade to perform seminal 
research into ultra-short-wave tubes, including 
multicavity magnetrons, and (3) unusual conver-
sion socket adaptors for utilizing plentiful tubes 
of one type to replace scarce tubes of a different 
type.  Radio Age and the AWA Journal had car-
ried original material on the subjects, duly cited 
and noted.  Thanks to Lud Sibley, Tube Collec-
tor’s editor.  
 

O LD timers may remember the company 
Panoramic Instruments, Inc., who made 
a series of spectrum analyzers and 

monitors for the military, usually called 
“Panadaptors.”The Navy used these aboard ships, 
searching for U-boat signals so that they could 
exercise the radio operators’ direction-finding 
skills.  This would have been mainly after 1943, 
when the Allies had the tools  (including the de-
feat of Enigma) and skills needed to actively hunt 
down surfaced U-Boats and attack them.  After 
the war, Panadaptors were again used in the Cold 
War to keep tabs on Soviet and Cuban communi-
cations and burst signaling.  In doing some re-
search in preparation of articles in this journal 
and for the seminars on radio servicing instru-
mentation to be held this June at RadioActivity-
2015, this editor was able to locate the manuals 
he had used in a crash assignment in 1976 that 
took him and a Panoramic-developed spectrum 
analyzer to Homestead AFB, Florida for some 
urgent signals capture and analysis. The manuals 
brought back memories of that superb spectrum 
analysis equipment, and an appreciation of the 
quality work that Panoramic did. 
 

Tidbits 
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enlightening to see what happens when 
the load imposed on a secondary is made 
frequency-sensitive, say by adding a 
capacitor or inductor, also.  All these steps 
are facilitated by a sweep-frequency 
generator and display, now made simple 
on my bench with the Krohn Hite 1200A 
and the BK 2160 ‘scope. 
 
At the regular MAARC auctions, held as 
part of each monthly meeting, one can 
often buy good test equipment at rock-
bottom prices.  I have been planning to 
build a good “lab power supply,” a bench unit 
that can produce from zero to about 450 volts of 
B+, from zero to about -100 volts of bias, and s 
hefty supply of 6.3 volts ac for filaments.  Such a 
supply is useful for scoping out a radio or other 
electronic device so as to find fault circuits, 
leakage, open coils and transformer windings, 
and for life testing any capacitors left in place 
after recapping, all without risking injury to the 
radio’s power transformer or B+ system should 
there be a serious fault.  Once, after recapping 
about 60 percent of the 54 capacitors in an SP-
600 communications receiver, I injected current-
limited B+ from a Heathkit PS-1 lab power 
supply to the radio’s B+ supply bus without 
heaters powered up, to see if any remaining caps 
would fail, and after several more replacements 
over the next 200 hours of such operation all the 
rest quieted down and the radio still plays 
regularly, some eight years later.  Finally, one of 
these power supplies, along with a properly-
sized series current-limiting resistor, makes a 
fine electrolytic capacitor re-former.  Realizing, 
of course, as Charlie Rhodes would say, 
“Remember that the capacitor must want to 
reform.” 
 
At any rate, I wanted  to make up another such 
lab supply, this time with some added switching 
and current-limiting capability, compared to my 
Heathkit PS-1 model.  I needed a small cabinet 
or instrument case to mount it, and was on the 
lookout for a suitable box at a MAARC auction; 
I found one in a carton with some other test gear 
thrown in, all one lot.  Five dollars later the 

(Continued from page 7) 

carton was mine and it contained a Heathkit T-3 
signal tracer (in a too-small box) and a Superior 
Instruments Co. (SICo) Model 76 combination 
signal tracer and capacitance/resistance bridge, 
in a cabinet that might just do the trick.  The 
five-tube Heathkit looked brand new, appearing 
never to have been used.  Inside it, later, I found 
two never-soldered joints and a jumper wire 
missing; these were corrected, and the unit 
started working.  I do not usually use signal 
tracers, though, so I may put it back in an 
auction, marked “Operational.”  Meanwhile, the 
SICo tracer and bridge unit was prepared for 
stripping out.  I was surprised to find it had only 
3 tubes (two fewer tubes than the Heath), and all 
three SICo tubes were war surplus.  The chassis 
stripping is underway, and you readers will hear 
about the new lab power supply as soon as I get 
it done. 
 
As for the capacitance/resistance bridge I was 
scrapping, it didn’t mean I could no longer 
measure capacitance and resistance values. 
These new hand-held digital multimeters can do 
much of the work formerly done by resistance 
and capacitance bridges, provided some 
precautions are taken in their use and in 
interpreting the readings obtained.  I had bought 
a Fluke 23-series multimeter many years ago, 
and use it regularly for things like resistance 
measurements and steady voltage measurements 
[3].  More recently, I bought another type, 
labeled “Ideal,” and based on its 3-page 
operating pamphlet, it is oriental in origin.  This 

(Continued on page 10) 

      a                       b                          c                         d 

Hand-held meters: a = Fluke digital VOM; b = Ideal digital 
VOM + C meter; c = UEI model DCM3 C-meter; d = Amprobe 
L-C-R meter 
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latter model can read capacitance, as well as 
voltage and resistance.  The limits on capacitance 
values and accuracy are dependent on the test 
leads provided, since the leads, alone, can 
provide up to 150 pF, depending on how close 
together they are.  For capacitance values well 
above 1 uF there are other issues like charging 
time, that make the reading fluctuate over time.  
But for the usual sizes found in receivers, 
excepting electrolytics, the little multimeter does 
fairly well.  There are also hand-held capacitance 
meters and L-C-R measuring devices that look 
just like multimeters.  But none of these little 
meters put much voltage on the capacitor (or 
inductor).  A separate voltage stress test is also 
recommended for any but brand new capacitors, 
and a lab power supply could do that job.  And, as 
noted earlier, electrolytics need reforming, if only 
to sort out those that will not reform from those 
that will, an especially useful sorting-out process 
in the case of NOS electrolytics. 
 
Another job often being left to the modern digital 
multimeter is that formerly assigned to vacuum 
tube voltmeters (VTVMs), but the two actually 
have different capabilities, and work differently, 
making one or the other much better at some 
tasks.  For example, if a measurement is required 
of the voltage difference between two points in a 
circuit, neither one at “ground” potential, the little 
multimeter is more handy, but has limitations [3].  
Most VTVMs are restricted to reading voltages 
between circuit points and ground; very few of 
them have the capability to measure directly the 
voltage difference between two voltage-elevated 
points [4].  This is the only serious limitation of 
the usual VTVM in radio work – its restriction, in 
most models, to reading voltages and resistances 
with respect to chassis.  This is a minor 
limitation, though, when you consider that the 
main strength of a VTVM is its very high input 
impedance—equivalent to the high level of 
tolerance most radio circuits have to the presence 
of its measuring probe. All VTVMs use isolating 
d-c voltage probes that can be touched to 
practically any point in the radio without 
affecting the quiescent or signal voltage on that 
point.  Most have input impedances of well over 

(Continued from page 9) 10 Megohms, and capacitances of less than 10 pF 
[5].  
 
Over the years my workbench has hosted several 
VTVMs, including several Heathkit models, 
which are surprisingly good instruments, two or 
three different Hewlett-Packard 410Bs, and two 
ex-military units, including a TS-505/U, which I 
now use extensively.  This VTVM can be used to 
measure differential d-c voltages, that is, the 
voltage difference between two circuit points, 
neither of which is necessarily grounded.  It does 
require, however that one of the test points is at 
signal-ground voltage, meaning that the VTVM 
lead that connects to this point is low in a-c 
impedance with respect to ground.  The obvious 
reason for this is that only the “hot” test probe is 
isolated by a built-in 5-Meg resistor; the 
“common” lead is just a plain wire lead with an 
alligator clip at the end.  In fact, however, no 
measureable error in voltage displayed would 
result if one were to “isolate” the “common” test 
lead by means of a 100K resistor at its free end, 
the same sort of test probe isolator one has to use 
on all digital multimeter probes when measuring 
voltages at circuit points that have RF or audio 
signals on them, just to keep the meter leads from 
acting like antennas and/or capacitive loading on 
the circuit being measured.  Aside from the TS-
505/U, the VTVMs I have used in the past, 
including the Heathkits and the H-P 410B, were 
one-sided measuring instruments, meaning they 
had to make measurements with respect to 
chassis.  This, of course, forces the use of an 
isolation transformer for servicing any ac-dc 
radio as well as several models of radios that used 
the death-dealing autotransformer as a way to 
produce the B+ and heater voltages for the radio. 
 
For those unfamiliar with isolation transformers, 
they are simply 120-V-to-120V (1:1) transformers 
that are plugged into the 120-volt a-c utility 
outlet, and then have the radio under test plugged 
into the transformer’s built-in outlet.  The idea, of 
course, is to isolate the radio’s chassis from any 
reference to the power company’s neutral or 
ground system.  Once isolated, the bench test 
equipment connected to the radio, perhaps a 
‘scope, RF generator, and/or VTVM can freely 

(Continued on page 13) 
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L ET’S start with the good news – the cabi-
net had an excellent refinishing done to 
it and there was grille cloth present on 

the front going over the top and covering the 
back. The bad news? The chassis was a total rust 
bucket, there was no grille cloth on the sides and 
the one that was covering the front had no cutout 
for the speaker; the knobs and pushbuttons were 
missing; the dial cover was cracked; the dial cord 
was broken; the chassis mounting plate and 
screws were missing; and the field coil wires, the 
B+ filter cap wiring, the B- connection wires, the 
power cord, and the secondary wires on the out-
put transformer were all cut. 
 
So why in the world would I buy a hosed up ra-
dio? The challenge of bringing it back to life. 
With the original cost, the time to repair, and cost 
of parts, these repairs do not have a positive re-
turn-on-investment (ROI) so I do it for the love 
of the hobby. I always start with the hardest part 
first and in this case it was the chassis. The only 
three parts that were not rusted up were the vol-
ume control, the tuner, and the speaker – I had a 
chance. I used WD-40 on the chassis and Mike 
Kendall suggested I use oil and scrape the rust 
off. It was so-so but I’ll have to live with it. I got 
the schematic out of my Rider manuals 
(Nostagliaair.org is also a good source but it’s 
scanned material and you can’t always make out 
the values) and set to work to re-attach all the 
wires that were cut. I tested the tubes and re-
placed the bad ones. 
  
While the work was going on, I ordered a new 
dial cover from Mark Palmquist (he also makes 
the Mae West dial rings and covers). I also 
searched eBay for the pushbuttons and bought 
several but after trying them out I realized they 
were the wrong ones. Willie Sessoms pulled one 

off his radio and sent it to me and aha, I needed 
narrower and longer ones. So I can use some 
help here, guys and gals, I still need four 
pushbuttons. The knobs were easier to find and 
I’m good there except that most of the S-W 
knobs you come across are for the newer fluted 
shafts and not the half-round. 
  
Back on the chassis…this is an AC set (power 
transformer) with a 5W4 rectifier, and the 6A8, 
6K7, 6Q7, and 6K6 line up of tubes. I checked 
the resistors and replaced two out of tolerance 
and changed out every capacitor. With all the 
rust, the moisture probably destroyed all of them 
and I didn’t want to take any chances. Next I 
powered the set up on my trusty Heathkit IP-
5220 (I know, you don’t have to use an isolation 
transformer on an AC set but I wanted to watch 
the amps as I powered it up slowly) and presto, 
the set came to life. I aligned it with my ear be-
cause I can still hear and I’m amazed the set 

(Continued on page 12) 

STEWART WARNER MODEL 91-511 “SPADE” 
RESTORING A BEAUTIFUL RADIO 

BY GEOFF SHEARER 
 

I’m back with another repair story. I found this Stewart Warner “Spade” on eBay and it had some de-
tractors so I was able to purchase at a reasonable price.  

This is my restored S-W “Spade,”  Genuine Art 
Deco to the Nth Degree. 
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played so well after being in a damp storage 
place. 
 
Because the grille cloth was missing on the sides, 
I had to replace it all because I couldn’t get an 
exact match to the center piece. Fortunately, I 
had some period cloth I had given to Mike Kend-
all for a cathedral radio he was working on and 
there was enough left over to do the “Spade”.  I 
fashioned a new piece of cardboard (with a cut-
out for the speaker) for the center cloth and cut 
two more pieces for the sides. I used short staples 
in the staple gun because you do NOT want to go 
through the wood. Now for the really hard part… 
 
The mounting bracket for the chassis is complex 
and has been missing on two of the three sets 
I’ve worked on. I made a template years ago of 
the good one (on Willie’s radio) and based on 
that I fashion them out of hard metal. The metal 
for the two I did was the bottom kick-plate for a 
dishwasher that I found at “Restore” in Chantilly. 
I clamped it in the huge vise I have and used a 
Sawzall to cut it out and then I drilled the holes 
to screw it into the cabinet and also the chassis. 
It’s a daunting task but a necessity if you want to 
do it right. Then I bend it into shape (45 degree 
angle to the chassis, 90 degrees to the cabinet) 
and spray-paint it black. Then I took all the parts 
of the puzzle and put it back together and then 
played the set for two hours to check for align-
ment and drifting. 
 
The set looks and plays great. I just need the 
pushbuttons. I include several names in the arti-
cle to highlight the fact that we’re all part of a 
greater organization and fellowship. Without the 
help of Mike Kendall, Willie Sessoms, Ed Lyon, 
Jay Forbes, and Bill Goodwin and the like, I 
can’t be successful. Draw on your radio pals and 
attend the meetings. Blessings to all, ...Geoff 
 

(Continued from page 11) 

Here are the correct 
push-button, on the 
Left, and the wrong 
one (Right).  I need 

help here, folks. 

Top: This is the electronically-restored chassis, 
as seen from the front. 
 
Middle: Here you can see the steel bracket I had 
to make, for mounting the chassis in the rather 
odd-shaped cabinet interior. 
 
Bottom: Here’s how the bracket works to mate the 
chassis with the cabinet. 
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use the radio’s chassis as a common ground 
terminal to which are clipped the chassis of all 
those test instruments, and if the radio chassis is 
truly floating, isolated from B-, then the radio’s 
B- can be used as the common test-instrument-
ground.  One additional caution when using an 
isolation transformer was called to my attention 
when I was visiting a radio collector/restorer 
colleague some years ago.  He had a fancy large 
isolation transformer that boasted three outlets, 
labeled 105, 115, and 125, meaning that any one 
of three possible output voltages was available 
for the unit under test. He had an inverted ac-dc 
radio chassis plugged into the 105-volt outlet, 
and another ac-dc radio plugged into the 115-v 
outlet, ready for its turn to be tested.  I might 
have been a bit gruff with him on this point, but 
he finally understood the danger in the setup and 
removed the second radio’ power cord from the 
transformer.  I advised him to get two of those 
baby-proof plastic duplex-outlet safety-plugs that 
cover the outlets in baby’s room preventing the 
curious poking around with hairpins, paper clips, 
and such, and cover the two of the transformer’s 
outlets that are not immediately in use.   
This last-mentioned event recalls to mind a very 
similar case where a MAARC member had 
mounted his isolation transformer in a smart-
looking cabinet and mounted a nice UL-
approved duplex outlet on the top of the box to 
make it handy to plug in the radio under test.  He 
was advised to permanently cover one of the 
duplex outlets, to prevent inadvertent use of that 
outlet while he was isolating something else.  
And one last reminder:  A Variac, often used to 
power up a newly-reworked radio chassis, is a 
variable-ratio autotransformer, offering no 
isolation between the input and output, so that 
when feeding a radio that needs isolation and 
variable input voltage for initial startup, you 
need an isolation transformer PLUS the Variac. 
 
The last word here will be on tube testers.  Every 
bench needs one, and most will agree that the 
Hickok circuit is a good design, so my choice 
here is the military TV-7 series.  But a whole 
article or two or three could and will be done on 

(Continued from page 10 
 

tube testers, and the Hickok models in particular, 
so ‘nuff said for now. 
 
 
References: 
[1] HRB Singer resulted from the purchase by Singer 
of an enterprise started by the trio, Haller, Raymond, 
and Brown.  At least two of these fellows, Haller and 
Brown, had been employees of Fred Terman’s Radio 
Research Lab at Harvard University during WW2.  
Terman believed in sending his senior engineers and 
scientists out into the field to find out what the real 
problems to be solved might be.  This was in contrast 
to the more common practice of reading the list of 
requirements from a specification developed by desk-
bound clerks.  Consequently Terman sent Haller, 
Brown and Donald Sinclair out into the North African 
desert in the winter of 1942-43 to find out what radar 
countermeasures were needed and would work.  After 
a harrowing three months there as targets for Field 
Marshal Rommel’s Panzers, they returned to Harvard 
and led the designs of several successful counter-
measures systems. 
[2] Both the Tektronix 535 and 545 oscilloscopes will 
accept the type 53/54-C plug-in preamplifier, which 
can use two independent probes. 
[3] The usual hand-held digital multimeter is a 
sampling instrument, taking periodic momentary 
samples of the parameter being measured.   That is 
why they read such wildly fluctuating values when 
connected to sources that have both steady and 
fluctuating voltages present simultaneously. At the 
instant a sample is taken, the actual voltage at that 
moment is stored and converted to digital data, to be 
presented on the display.  Some more expensive 
models actually average (or compute rms values) of a 
string of samples, and tend to smooth out these 
fluctuations. 
[4] A few VTVMs, like the military models (e.g., TS-
505/U) have a floating “return” terminal against 
which voltages are measured, and can read 
differential voltages, like a hand-held multimeter.  
Most, however, measure with respect to their chassis, 
which MUST be tied to the earth ground system. 
[5] The “Cadillac” of VTVMs, the H-P 410B, boasts 
an input impedance of at least 12 and up to 40 
Megohms, plus 10 pF capacitance.  
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in to foreign broadcasts, and these were able to 
be heard on shortwave frequencies.  One of the 
cheapest ways of getting shortwave listening ca-
pabilities from a rather expensive family radio 
receiver was to use one of the several brands of 
shortwave converters that hit the market begin-
ning in about 1931.  One of the more interesting 
brands made no pretense at matching the family 
radio’s elegant appearance, but instead looked 
like an adjunct device that was utilitarian, only, 
and wasn’t for looks.  That was the Walker 
Multi-Unit, from Workrite Radio, Cleveland, a 
town with more than a fair share of worried mid-
dle-European immigrants.  The Multi-Unit, 
Model 130, was a small kit-like Bakelite device 
that could take any of several popular tubes to 
match the tube complement of the receiver on 
which it was parasitic.  In robbing the receiver of 
power enough to operate its own tube  it operated 
as a converter and preselector to capture the 
shortwave signal of interest.  The receiver’s own 
tuning was set to an unused place on the dial, 
and thereafter served as a vernier tuner to 
sharpen the capture of the desired station.  Best 
part was the reasonable price, $16.00 for the 
Multi-Unit plus $2.50 or $3.00 for the adapter 
plug to allow adaptation to four or five-pin tubes 
in the home receiver.  

ful of the lot.  Most of the NOS ones were Car-
ron, Miller, and Meissner brands, NIB, and were 
labeled as to frequency and whether for stage 1 
or 2 inputs.  The strange thing was that upon ini-
tial test nearly every one of them showed an IF 
peak at about 350 kHz.  There was no problem 
getting them up to the label value, 456 or 465 
kHz, by adjusting the variable capacitors on the 
transformer tops.  The only exceptions were the 
Miller slug-tuned types, which started out at 
about 420 kHz, and were easily able to reach ei-
ther 456 or 465 kHz.  Coincidentally, the ones 
that came out of their boxes reading 320 to 350 
kHz had their tuning capacitors screwed all the 
way in tight, and it took some effort and a good 
proper-sized screwdriver to loosen them to the 
right settings for 456 or so kHz.  About that time 
something I had heard before drifted back 
through the old memory bank,   I remembered 
someone back in college days saying he had 
worked at Maguire Industries, Meissner division, 
and was in the radio-frequency transformer pro-
duction part of the business.  I thrashed through 
my old notebook full of loose notes on radio re-
pairs of that time, and found a sheet that had 
notes on Meissner IF transformers.  It was Cliff 
Pountney, a fellow lab instructor, who worked 
there one summer and he told me at that time 
that they always tightened down the capacitor 
screws for shipping purposes, since everything 
went by rail and suffered unbelievable vibration 
and physical shock therapy on the way. 
 
Lesson is that if you have hoarded, like I did, a 
raft of NIB IF transformers, many will read terri-
bly low frequency settings at first, and must be 
heavily adjusted to work at all. 
 

T HE early 1930s saw a sudden interest in 
shortwave listening in this country, for 
several reasons.  One was that it was a 

period of worldwide unrest and discomfort, 
caused by the onset of the Great Depression.  It 
seems that many then-recent immigrants to many 
countries  saw unemployment [1] increasing sud-
denly in their new country, and wondered if 
things might be better “back home” or else-
where, and might learn the answers by listening 

(continued from page 8) (TIDBITS) 

The Walker Model 130 Multi-Unit, by Workrite Ra-
dio, Cleveland, Ohio. 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: JFRADIO@aol.com 
 
F o r  S a l e :  R C A / N i p p e r 
Maintenance mats, new old stock 
(probably 1980s), red vinyl, black 
cloth backing, 51 by 31 inches, 
1.3 lbs. Two Nipper (dog and 
Victrola) logos with words"RCA 
Replacement Parts" in white at 
top and bottom. Mats were 
intended for use by technicians 
repairing electronics in your 
home. Mint, folded in original 
stapled plastic bag, with insert 
printed "RCA Stock # 1F8084". 
Fine display table coverings. $43, 
or two for $78, postpaid in U.S. 
Email or phone for picture or 
more info.  Alan Diamant, 108 
Redwood Drive; Madison, AL 
35758; 256-325-4600, email: 
amdiamant@aol.com.  
 
FOR SALE: VINTAGE RADIO 
& AUDIO PARTS BUSINESS. 
 I have been selling radios,  
audio, tubes, Sams, books & parts 
on the internet since 1998 at 
vintage-electronics.com & by 
catalog for almost 20 yrs before 
that. However, the warehouse I've 
been renting  is up for sale & I 
might not have a home for all 
these items in the near future so 
it's time to downsize. For that 
reason, & the fact I'm not getting 

any younger, I plan to sell parts of 
the business.  I am offering for sale 
the Parts, Sams & Books segments 
of the business. The prices are very 
reasonable for any or all 3 of those 
businesses. Please contact John 
Kendall at vintel@comcast.net for 
more information.  
 
For Sale:  New! Reproduction Zenith 
wood knobs. Zenith tone and station 
plastic tabs. Rubber grommets, 
washers, tuner supports, etc., for 
Zenith, Philco, Crosley, RCA and 
others. Rubber feet and chassis/motor 
supports for RCA 45 players, CD’s, 
DVD’s of early radio courses and 
radio books. Some TV knobs for Pilot 
and Motorola models. Masks for 
Motorola VT71, VT73. Go to 
www.RenovatedRadios.com to see the 
full selection of radio parts I make. 
Don’t do Internet?  
Call me at (586) 876-9802 and leave a 
message.  Ed Schutz  
blacksmith@RenovatedRadios.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. 
 
For Sale:  Reproduction knobs 
and rubber parts for vintage/
antique radios. (Latest product: 
lever buttons and push-buttons for 
Belmont table radios) See 
www.RenovatedRadios.com to 
see the full selection of radio 
parts. Or call: (586) 876-9802 
(Leave message)  Ed Schutz 
b l a c k s m i t h @ 
RenovatedRadios.com 
 
WANTED:  For my 1956 RCA 
45 rpm record player/AM radio 
Model No. 6-BY-4 (also referred 
to as The Skipper), I would like to 
have the optional power adaptor 
Model RK-198.  If you have and 
are willing to part with it I would 
be willing to pay a generous 
amount.  Thanks, .Joe Bentrovato, 
84 E. Munson Ave., Dover, NJ 
07801.  973-361-7392.  
email:  jbentrovat@msn.com. 
 
Wanted any make of 1960's era 
RADIO TUNAVERTER for cars.  
Some manufa turers  were 
Thompson, Lafyette, or Realistic.  
They cannected  to and thru a car 
radio antenna to the AM band to 
change the car radio to pick up 
certain bands. The one I want was 
for public service bands 150+ 
megahertz. Please call Steve at 
301-933-6804 

 

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. 
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MAARC Your Calendar! 
 

Sun., May 17 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table: cone speakers; Panel 
Discussion: Cabinet Restoration. 

Thurs.-Sat., Jun 25-27 RadioActivity-2015 Great East-Coast Meet, held at the 
Holiday Inn, 9615 Deereco Rd., Timonium, MD, 21003. 
Theme is radios and electronics from Upstate New York 
(Federal, King, Colonial, GE, Stromberg-Carlson, some 
Sears-Roebuck.  See blue insert in past two issues (March 
and April) of Radio Age. 

Sun., July 19 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table: Calif. mantel sets; Panel 
Discussion: TBA. 

Sun., Aug.16 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table: Portable stereo radios; Panel 
Discussion: TBA. 

Hamfests:  —check the ARRL website, www.ARRL.org 
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