
 
  

 

I 
N 1925, when Anthony Winther filed for his 
patent [1] on a radio receiver that used a novel 
cathode follower R-F amplifier, he assigned the 

patent rights to All-American Mohawk Co., of 
Chicago, makers of the “Lyric” radios, who did 
nothing with the idea.  In that time era, a series of 
Oriole radios was produced by Winther – actually the 
two Winther brothers Martin and Anthony, under the 
name Winther of Kenosha, or Winther-Kenosha.  
These Oriole radios 
are unique in that they 
use the cathode 
follower circuit  in the 
R-F amplifier stage, 
and some models use 
more than one such 
stage in cascade.  This 
cathode fol lower 
circuit was, for a 
while, called a Trinium 
by the Winthers, in 
their advertisements 
[2].  

Volume 42 July 2017 Number  7 

RADIO AGE 
The Vintage Radio Journal of the 
Mid-Atlantic Antique Radio Club 

 
 A cathode follower amplifier circuit would, ten 
years later, be described in an American patent 
application by Alan Blumlein, shortly after his 
similar patent application in Britain [3].  In 
Blumlein’s patent application, he notes the 
advantages of the cathode follower arrangement of 
the vacuum tube amplifier in his circuit, but does 
not seem to refer to its novelty compared to other 
contemporary (grounded cathode) tube circuits. 

Many  webs i t e s , 
including several 
Wikipedia entries, 
contain extensive 
l o g i c - b a s e d 
a r g u m e n t s  t h a t 
Blumlein should get 
t he  c red i t  fo r 
inventing the cathode 
follower amplifier, 
despite the equally 
compelling arguments 
put forward by some 

(Continued on page 3) 

THE WINTHER BROTHERS’ WARWICK RADIO – ON A ROLL 
BY ED LYON AND JOE SOUSA 

 
Rarely does a 1920s radio come along that has a truly outstanding circuit in it.  The Neutrodynes  (and Rice 

equivalents) might be so-classed, since they attempted to correct an inherent problem in triode amplifiers - the 
only game in town in those days) by a straightforward, but bold, counterbalancing circuit.  The Winther-Kenosha  

Company has surpassed the Neutrodyne in this respect, in their Oriole radios - and in this Warwick. 

Joe Sousa’s recently acquired Winther-Kenosha Warwick-
71 model in the Oriole series of 1924-26 radios. 
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web blogs that Eric White should get the credit.  Eric 
White was an electronics engineer who worked with 
Alan Blumlein at EMI (the audio company) in 
England. Too bad they’re all dead-wrong.  The text of 
Winther’s patent is a clearly written argument for the 
merits of his employment of the cathode follower 
about 10 years before Blumlein or White. 
 
In all fairness to Alan Blumlein or Eric White, 
whichever of them did the development of Blumlein’s 
circuit, they did understand the inherent negative 
feedback characteristic of the cathode follower as 
being the key to the achievement of their patent’s 
aims – to offer an unprecedentedly high impedance 
(load) to the circuit that provided the input to their 
amplifiers, and a robust low impedance to any load 
imposed upon the cathode follower circuit, itself.  For 
them that was the main objective, since they were 
feeding their circuit with things like photocells and 
similar “infinite” impedance devices.  The cathode 
follower transformed this extremely high circuit 
impedance to a very low impedance that they could 
then connect to conventional amplifiers, and these 
could be far away, with cheap transmission lines 
interconnecting the cathode follower “pre-amplifier” 
to the main amplifier, located at a distant radio- or 
recording-studio.  The Winther brothers may not have 
used this explicit impedance-transformation language 
in their patent text, but the equivalent process was 
still recognized by them as the reason they obtained 
such stable operation from their RF amplifiers and 
the attendant step-up transformers which bore the 
task of increasing the voltage gain of each stage. 
 
In the decade between the Winthers and Blumlein, no 
further examples of the cathode follower circuit 
appear to have been exploited by radio and 
electronics designers. In an earlier Radio Age article  
(January, 2014 issue, pages 1 and following), the 
current authors described the logic behind the use of a 
cathode follower as an R-F amplifier, especially in 
the days of the universality of the triode – the 1920s.  
That article was based on Joe Sousa’s then-just-
acquired Oriole 8.  That radio differed in one respect 
from the Winther patent illustration, in that it had but 
one cathode follower stage, whereas the patent 
described a two-stage (in cascade) set.  Since a raw 
cathode follower develops a voltage gain slightly shy 
of unity (in Oriole R-F amplifiers Joe measured 
values in 1920’s tubes of anywhere from 0.4 to 0.7, 
whereas in more modern (1930s) tubes one could get 
0.6 to 0.9 voltage gains).  Clearly these 1920s R-F 

(Continued from page 1) amplifiers that Winther faced needed to get their 
voltage gain from other aspects of the RF amplifier 
circuits. 
  
In conventional RF amplifiers of the period, there 
was inherent (Miller-effect) interaction between the 
natural power-amplification of the triode tube and the 
tuned input and output RF circuits, and, therefore, 
between one RF tuned circuit and the ones that 
preceded or followed, even one or two stages away in 
the amplification chain.  Winther’s cathode followers 
provided the isolation which allowed reliable 
operation which could be predicted by the designer, 
rather than “felt for.”  Even the inclusion of the often-
dreaded regeneration circuit was straightforward in 
their radios, allowing the operator to crank up the 
regeneration control until the station heard was loud 
enough, and if the control permitted it, the set would 
smoothly slide into the oscillatory state, meaning that 
the station tuned in was simply too weak to be heard 
with the desired volume.  Conventional radio circuits 
of the period, using regeneration, would switch from 
a normal, but possibly weak, sound level to a sudden 
plop into oscillation, usually not quite at the same 
frequency as was tuned in. 
 
 In most TRF radios of the 1920s, the triode tubes 
available (mostly types 01-A and 99) operated stably 
only when the tube voltage gain values ran from 1 to 
perhaps 3; most of the voltage gain came from step-
up turns ratios in the RF coupling transformers 
between stages in the receiver “front-end.”  As noted 
in the earlier Radio Age article, the usual triode 
amplifier became unstable at tube voltage gains 
exceeding small numbers like 2 or 3, which forced 
the issue.  Winther recognized this, and since his 
cathode follower configuration could get a voltage 
gain reliably somewhat less than 1, so he also turned 
to step-up transformers, but his advantage was 
extremely stable amplifier tube operation, especially 
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between 50 and 100 [4]. 
 
But the truly outstanding feature of this radio circuit 
is in the next stage – the detector.  At first glance, it 
looks like most any other grid-leak type detector, but 
it has an RF transformer in its filament (cathode) lead 
that couples R-F signals on the cathode back to the 
grid of RF amplifier stage 2.  This makes a fourth 
cathode follower in this set.  The feedback is 
controlled by a rheostat that shunts the primary of 
this last (detector stage) cathode follower, varying its 
grid-to-cathode voltage gain.  In the circuit, an 
additional control of the receiver gain is achieved by 
varying the filament voltage of all three RF amplifier 
stages.  The volume control has two independent 
sections, one varying the resistance in the filament 
lines to all three RF amplifiers, while the second 
section does nothing but short out the regeneration 
cathode transformer primary for the first 2/3 of the 
full rotation, and then, for yet higher volume, it 
begins increasing the resistance across this feedback 
cathode transformer, introducing increasingly more 
regeneration. 
 
Joe has made extensive measurements of this unusual 
feedback circuit’s performance, and finds several 
interesting features: 
It operates around two cascaded tuned RF amplifiers, 
and therefore can reduce the effective bandwidth 
(increase the selectivity) as it increases overall 
receiver gain or sensitivity significantly more than 
can be achieved with a single tuned stage.  Joe has 

(Continued on page 5) 

adapted to regenerative methods which were stable.  
In Joe Sousa’s older W-K model 8, the RF stage gain 
came from a combination of transformer step-up and 
positive feedback or regeneration.  This was not 
unusual, since in that period regeneration was fairly 
commonplace.  The use of interstage transformer step
-up was almost universal in radio RF amplifiers in 
those days, but these transformers were hard-pressed 
to perform uniformly over the required 3:1 frequency 
span, the AM broadcast band.  Air-core coils were 
used in the interstage transformers, and tracking of 
multi-stage amplifiers could be maintained only when 
rather loose coupling was employed, which made for 
better-behaved, but low, voltage gains. 
 
In his constant research into cathode follower 
applications (and at work, for the equivalent in solid-
state devices), Joe sought more complex W-K Oriole 
receivers than his Model 8.  Recently he found one, a 
Winther-Kenosha Warwick 71, which sports three 
cascaded cathode follower stages (interstage between 
all three RF amplifiers and between RF3 and the grid-
leak detector)..  In the RF amplifier stages, the well-
behaved impedance of the cathodes driving the next 
stage makes the issue of tracking the various stages 
almost trivial.  In this radio, the second and third 
tuned circuits (coupling RF amplifier stage 1 to stage 
2, and coupling RF amplifier stage 2 to the detector)  
use a ganged two-section variable condenser.  Joe 
measured the tracking as essentially perfect, even 
with Q values for the tuned circuits somewhere 

(Continued from page 3) 

Joe’s hand-traced schematic of the 
Warwick-71.  The volume control is a 
two-gang affair with one section vary-
ing RF amplifier filament voltage; the 
2nd section injects regeneration. 
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especially in video and other wide bandwidth circuits 
where it was necessary to route wide-band signals 
over a considerable distance to another circuit, such 
as between units in various crew stations aboard 
ships or aircraft.  And, if the design engineer wanted 
to get yet more isolation of the input circuitry from 
the output, the pentode could be called upon, 
connected as a cathode follower, with the usual tight 
signal coupling (usually a bypass capacitor) between 
cathode and screen, so that the stage becomes a 
cathode-plus-screen-follower.  Now the capacitance 
between the control grid and the rest of the tube 
really becomes microscopic, for now everything near 
the grid is dragged along in voltage by the cathode as 
it follows the grid voltage.  Several instrument 
makers used such input circuits for their a-c vacuum-
tube-voltmeters, able to measure very low voltage 
levels at almost any frequency span, from power-line 
frequencies up to VHF, with negligible detuning 
effects caused by the measurement itself.  During 
WW2 such lab-made instrumentation became 
essential for the alignment and testing of radio and 
radar circuits. 
 
But, back to the W-K Warwick, we repeat that this is 
a handsome radio, as well as a well-engineered 
circuit.  To round out the qualities of the set for the 
collector, it is also relatively rare.  And, here in Oriole 
baseball country, you’d think the Oriole series of 
radios would be well represented in collections, but it 
is evidently not so.  Any Oriole (or other similar W-K 
radio) owners can e-mail this issue’s editor, identified 
on page 2, and tell us if you have such a set in your 
collection.  And send a picture if you have one.  We 
will show it off in a future Radio Age article. 
 
End Notes: 
[1] Patent 1700393  applied for 13 May, 1925, 
granted 29 Jan., 1929. 
[2] Wisconsin Antique Radio Club (WARCI) website 
article by Greg Hunolt.. 
[3] U.S. Patent number 2178985, applied for 30 
August, 1935, granted 7 November, 1939;  British 
patent number 448421, applied for on 4 September, 
1934. 
[4] For the non-technical reader, this indicates the 
effective bandwidth of each of the two tuned circuits 
to be between 10 kHz and 20 kHz in the middle of 
the AM band. 

found the Q to be almost exactly twice that 
achievable with a single tuned amplifier circuit with 
the same gain. 

Unlike most regenerative detector stages, it does not 
break into oscillation with a sudden “plop,” but 
simply increases gain smoothly and at some point 
near maximum volume control setting, it smoothly 
starts making its own signal – and stops as the volume 
control is returned to a slightly lower setting. 

The volume settings need not be changed as stations 
are tuned in at different places on the dial, and the 
tracking does not materially change as regeneration is 
introduced (volume set higher than 2/3 full). 

Clearly this Warwick 71 represents Winther-
Kenosha’s best receiver of all the Oriole types.  In 
fact, it may be the best performing of all 1920s 
receivers made for the home, being a set that anybody 
can operate (very unlike most three-dialers, even 
Neutrodynes).  It is also a very attractive set, about 20 
percent larger than the Oriole 8, with very simple 
controls.  There are the two tuning knobs, a master 
filament rheostat (for compensation for A-battery 
condition), the regeneration/RF stages- rheostat 
combination for volume control, and an on-off switch.  
They could actually have ganged all three variable 
condensers, the tracking is so reliable, but they did 
have to allow for a wide variety of antennas for the 
home, which will affect the first-stage tuning almost 
invariably.  Not only are antennas of differing lengths 
and heights (for which the Warwick has differing 
antenna terminals and corresponding input 
transformer taps), but the home antenna can also be 
quite variable in use, because of wind, ground 
conductivity, and the moisture in surrounding foliage, 
to say nothing of Mother’s wash hanging on the 
antenna wire to dry.  All these variations are 
compensated by slight retuning of the first-stage grid 
tuning condenser. 
 
It is a pity that W-K went out of the radio business 
shortly after introducing these radios, or they may 
have duplicated some of the features seen here in a-c 
operated tubes (heater-cathode types)  and in far more 
complex all-band sets.  Strangely, no other 
manufacturers seemed interested in (or possibly knew 
of) the cathode follower configuration in amplifiers.  
It would not be for yet another decade (after Blumlein 
et al.) and the second World War that audio, radio,  
and instrumentation designers suddenly recognized 
the circuit and then found all sorts of use for it, 

(Continued from page 4) 
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FOR THE RECORD 
 
As is evident from the abov, the June 2017 meeting of the Mid-Atlantic Antique Radio Club took the 
form of a major radio convention or “meet.”  It was held at the Sheraton Hotel at the intersection of I-
95 and MD route 212 just north of the Beltway, and was called RadioActivity-2017.  Registration was 
up very slightly, from 2016, as were the net proceeds, with all other statistics (fleamarket vendor 
count, number of banqueters, etc.) very close to last years’ numbers, that meet having been held in Ti-
monium, at the Holiday Inn.  It was anticipated the meet would not quite break even, but it might 
have, according to very preliminary estimates by our Treasurer.  The Old Equipment Contest  (General 
Electric as the theme) brought out some of the best radios and equipment we have seen lately, includ-
ing a very rare G-E initial -run FM radio, the first commercial FM set, and one of the first ever made 
aside from E. H. Armstrong’s patent model.  Everyone loved it, judges, visitors, and banqueters. 

RADIOACTIVITY-2017-A FEW CANDIDS 
By Ed Lyon 

WOW - what 
an Art Deco - 

or possibly Art 
Nouveau set - 
and from Can-
ada, a Rogers. 
For Sale in the 

flea market 

Another flea market 
gem: A Sleeper, with 
tube access via the 
pop-off panel above 
the control panel. 

This deForest F3 or F5 is in beautiful shape - and 
equipped with working deForest tubes. 

This contest entry won Best in Category, Best 
in Show, Historical Merit, and Peoples Choice - 
possibly the sole surviving initial production G
-E FM radio receiver.  Probably checked out by 
Armstrong, himself. 

Brian Belanger’s entry in the 
Contest’s “Advertising” cate-
gory: A pristine National Un-
ion advertising clock, with a 
reverse-painted glass front. 
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A 
S a vintage radio restorer, I always try to 
maintain the intent of the original design 
where possible on sets that I service.  Occa-

sionally that becomes a problem, especially in the 
case of “hot chassis” communications receivers with 
metal cases.  There is always a possibility that a vin-
tage series string communications receiver could be 
pressed into service, especially since tube based ra-
dios are believed to be able to survive EMP occur-
rences [1].  Such use of a receiver, in conjunction 
with a tube based transmitter which usually is simi-
larly contained in a metal enclosure, could yield an 
electrocution hazard.  These vintage receivers and 
transmitters typically use non-polarized line cords, 
and leakage to the case could be hazardous, especially 
since the cases are usually grounded to earth ground 
as a normal part of RF shielding. 
 
I recently came across a Hallicrafters S-86 receiver on 
Ebay  which  was  in  fairly  good  physical  shape.  
Unlike the visually simi-
lar  model  S-85,  which 
uses a transformer based 
power supply, the S-86 
is  an  eight  tube  series 
string  set  that  incorpo-
rates  both  six-volt  and 
twenty-five-volt  heated 
tubes along with a pro-
prietary ballast tube that 
is needed to match the 
86 volt filament require-
ment to a 120 volt sup-
ply.  The S-86 also uses 
a full-wave rectifier tube 
that is wired to operate as 
a half-wave rectifier, and tends to produce less than 
pure DC output even when heavily filtered. 
 
When the set arrived, I was pleased with the overall 
condition, including that of the metal chassis and 
cabinet.  Apparently it  had been stored in ideal dry 
conditions because there was virtually no rust on any 
of the metal parts. It also appeared to have undergone 
no modifications of any type, so it could be consid-
ered an almost “mint condition” example.   
 

After trying to decide on whether to restore it or keep 
it as a static display, I decided that it would be nice to 
have it  in working order  since chronologically  it 
would make an ideal companion for my Heathkit AT-
1 transmitter and VFO.  I pulled a schematic from 
SAMS and got to work on it.  I have to admit that I 
was somewhat hesitant with regard to the power sup-
ply situation, but I found that it would be very easy to 

make  minor  modifica-
tions which would basi-
cally equate it to a simi-
lar model S-85 which is 
an AC only set with a 
power transformer.   The 
chassis appears to be the 
same type of chassis used 
in the S-85, so there was 
room, over and under to 
install  a  transformer  in 
the  corner  next  to  the 
rectifier tube (see illus-
tration, on left).   
 
The first step in the op-

eration was to remove the ballast and rectifier tubes.  
The set was designed to operate with plate voltage of 
130 volts DC or less, so it was easy enough to find a 
bridge rectifier that would safely operate in that volt-
age range.  At the same time, I replaced the original 
three section electrolytic filter capacitor with a two 
section, 150 volt cap.  The next step was to remove 
the existing series filament wiring and rewire the tube 
and dial light filaments for parallel operation on 6.3 
volts.  
 

(Continued on page 10) 

RESTORING AND UPGRADING A VINTAGE 
 HALLICRAFTERS S-86 RECEIVER 

BY JOHN DEMAJO 

The S-86 is an attractive Hallicrafters post-war set, 
with bandspread dial, and good performance. 
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to the following stage (type 30, also) grid (and its 
resistor). That indicated that Sorber intended the 
strange cardboard untuned transformer to be an 
audio transformer feeding the detector plate to 
the first type 30 grid.  It had so many shorts in its 
windings, though, that it would have to be repro-
duced, if only to see how it performed as an au-
dio transformer (or untuned RF transformer).  
The reproduced unit showed about 300 micro-
henries winding inductance, and with the 6-32 
mounting screw installed in its center, that figure 
went up to 380 microhenries.   And rather than 
being a 1:1 untuned RF transformer or audio 
transformer, it was neither, having a net transfer 
loss in gain of a factor of two for RF in the 
broadcast band, and a factor of ten for audio fre-
quencies.  Clearly this transformer would reduce 
receiver performance in either role. 
 
A week later, with most of the rest of the radio 
chassis restored, tubes were installed and pow-
ered up, and gain measurements were made to 
make a final test of the strange scramble-wound 
gadget either as  an untuned RF coupling trans-
former to the next stage (the type 30 acting as 
detector), or as an audio coupling to the next 
stage (as first audio amplifier).  As in the earlier 
tests, it was lousy in either role, exhibiting stage 
gain at RF of about one-fifth, and audio gain a 
small fraction of that..  Replacing it with a 
miniature 1:3 audio transformer made this type 
32 third stage into a dandy detector that had a net 
RF input-to-audio output gain of four, for 100 
percent modulation.  So the little audio trans-
former stayed in the circuit, generally hidden un-
der the cardboard disc unit, and using the same 
cardboard disc as the terminal board as the 
Sorber guys had done. 
 
All this last-minute circuit adjustment got done 
just in time for RadioActivity-2017, the chassis 
was about ready for delivery there to Jim Wilson, 
but he had a sudden requirement to attend cere-
monial return of a close relative’s remains, a for-
mer MIA or POW from the Korean conflict, so 

(Tidbits Continued on page 9) 

B 
ACK in the March, 2017, 
issue of this journal we rec-
ognized an unusual cathe-

dral-style battery radio that Jim Wil-
son had acquired made by an outfit 
called Sorber.  Not much was 
known of this brand, or this model 
radio, so the circuit was dissected 
and analyzed, finding these quick-

look factoids: 
The radio had a battery-operated chassis using 
three type 32 tetrodes as RF amplifiers, two type 
30 tubes as possibly detector and audio amplifier, 
and, finally, a type 31 audio output tube.  All au-
dio stages were R-C coupled, and all the RF 
transformers seemed to show conductivity in 
their windings, so this editor agreed with Jim 
Wilson to try to get the chassis working. 
 
One question in the circuit was not easily re-
solved: The three TRF amplifier stages, using 
type 32 tubes, seemed to be wired up as an inte-
grated module, having its own filament connec-
tions (reasoned to be via a 10-15-ohm rheostat 
acting as the volume control, its own screen sup-
ply voltage, and zero grid bias).  The third stage 
in this RF amplifier chain had what appeared to 
be an untuned transformer in its plate circuit 
made up of two very similar windings of about 
110 turns of #30 cotton-covered wire each, the 
windings similar in number of turns, but not bifi-
lar. For a coil form, the maker used four or five 
fiber faucet-washers clamped between two large 
cardboard discs by a central steel machine screw, 
size 6-32 by 2 inches length..  Over the years, 
this assembly must have gotten loose, and was re
-tightened, maybe several times, because the coil 
wires were liberally squeezed down among the 
fiber washers, and exhibited shorted turns 
aplenty.  Oddly, too, this third RF amplifier stage 
had a grid leak and 250-pF condenser in its grid 
circuit, as though this was the detector stage. 
 
That would mean that the next stage (type 30) 
would be an audio amplifier, and not the detec-
tor;  it had a plate resistor and coupling capacitor 

Tidbits 
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that he couldn’t get to the meet after all. It also 
meant that some additional polishing of the RF 
transformer shields which turned out to be made 
of pure copper could now be accomplished, and 
so that is the last work that will be done on this 
highly unusual radio chassis.  Let’s hope that Jim 
can acquire a loudspeaker for this set, so it can 
be a working model in his collection.  It would 
likely be a 6- or 7-inch magnetic type driven di-
rectly by the type 31 tube. All of the tests on the 
unit thus far have been into headphones or a Mu-
sic Master horn speaker. 
 
Remember Peter Goldmark of CBS fame?  He 
kept CBS in the television governance cartel de-
spite RCA’s (Sarnoff’s) pressure on the FCC to 
freeze television format definition as RCA had 
thus far developed it.  Of course Goldmark was 
the force behind the CBS research lab, 
and it was actually William Paley who 
brought the pressure onto the FCC, using 
Goldmark’s research breakthroughs as 
ammunition.  One of Goldmark’s crea-
tions was almost a throw-back to flying-
spot scanners when the notion of color 
television came up.  Whereas RCA and 
many other researchers were trying to 
devise three-color cathode-ray tubes that 
had the phosphor deposition precision 
and beam control sufficient to make dot-
sequential or line-sequential color possible, 
Goldmark had reverted to frame-sequential color 
methods.  Here, a large three-color transparent 
disc rotated in front of the TV set and the pic-
tures on the TV looked like monochrome, but 
actually were the three primary-colored images, 
shown in sequence, and the three-color disc con-
verted the three monochrome-appearing pictures 
into the proper three color images that the human 
eye merged to form a “Technicolor”-like image. 
 
When everything was in sync, and working right, 
CBS’s color TV was brilliant and as colorful as 
Kodachrome slides.  That is if you could ignore 
the whining of the whirling disc and the frer-
quent slipping in sync, which swapped the colors 
with bizarre results and loud laughter from the 

(Continued from page 8) viewers. 
 
Paley and the CBS crew spared no effort to make 
sure that the showing of CBS’s color television 
sets in controlled settings always included dem-
onstrating how the CBS color-conversion 
scheme could transform any existing B&W tV 
receiver into a brilliant color set.  They com-
monly made it clear that the TV set they were 
using in their demonstrations was a very mun-
dane RCA receiver they modified with a kit that 
could be removed or added in a few minutes. 
 
I found a set of CBS drawings in an antique mall 
several years ago, which seemed to be schemat-
ics and mechanical drawings on CBS engineer-
ing drawing stock, the masthead of one suc 
shown here.   

 
The kit involved putting socket adapters under 
several tubes in the RCA TV set which borrowed 
power and then substituted Goldmark’s sync, 
sweep, blanking, and video circuits which pre-
sumably were in a compartment placed behind 
the RCA set, and were fed to the TV set via the 
same socket adapters. 
 
Using the RCA TV set as a demonstration of 
CBS’s color TV adapter was a stroke of genius.  
RCA was likely not pleased by this trick.  Any 
loss of sync, with its hilarious results, was proba-
bly generally blamed on the  television set, and 
not Goldmark’s whirling dervish. 



Radio Age  July 2017 MAARC’s web site: www.maarc.org         page 10 

Since I planned on replacing the 25Z5 
rectifier tube with a full-wave solid-state 
bridge, the only remaining 25 volt fila-
ment tube was the 25L6 output tube.  
Since the base diagram for a 25L6 is the 
same pin out as a 6V6 or 6K6, I leaned 
toward replacing the audio output tube 
with a type 6K6-GT.  This only required 
removing the original tube and substitut-
ing a 6K6 in the original socket. The 
advantage  is  the  lower  plate  current 
draw with the 6K6.  The disadvantage is 
that I should also change the cathode-to-
B- resistor from its 150-ohm value (for 
the 25L6) to something like 700 ohms, 
as both tubes need about the same bias 
voltage, but the 6K6 draws far less cur-
rent.  The end result is that if I change 
the cathode resistor, I will use the 6K6, 
but for now, the 6V6 is a better match 
for the 25L6.  
 
I then came to the point of needing to 
make a decision on what type of trans-
former to use in order to isolate the set 
from line voltage at the chassis.  The 
choices were to use either a 120 volt-to-120 volt isola-
tion  transformer,  or  else  install  a  standard  power 
transformer that would give me 6.3 volts at around 4 
amps for the filaments, but only 130 volts for the B+.  
Most of the transformers I could find were either too 
small in the filament current area, or else they pro-
duced way more B+ voltage than the set was designed 
to handle.   The solution here was to use two trans-
formers since I could not locate a 135 volt secondary 
transformer that had a 4 amp filament winding.  
 
I selected two separate transformers from Hammond 
Transformer, that are sold through Antique Electronic 
Supply in Tempe, AZ.  The plate transformer, AES 
catalog #P-T262F6, was ideal for the purpose since it 
has a non-center-tapped  120 volt 140ma secondary. 
When applied with a full-wave bridge rectifier, it pro-
duces around 135 volts DC to the B+ chain, at a cur-
rent which is more than adequate to meet the  the S-
86's power requirements.  Since space was available, 
both above and under the chassis in the location where 
a transformer would have been installed had the set 
been an S-85, I was able to mount the filament trans-
former under the chassis and the plate voltage trans-
former directly above on top of the chassis. It only 
required drilling 1/8” holes for the transformer mount-

(Hallicrafters S-86 continued from page 7) ing  screws,  and  two 
3/8” holes, in which I 
installed  rubber  grom-
mets to pass the wires 
from  the  plate  trans-
former.  
 
With  these  modifica-
tions, the set was ren-
dered safe to operate in 
a grounded case appli-
cation such as a vintage 
ham station setup.  With 
the elimination of the 25 
volt rectifier and ballast 
tube, the heat generated 
was  also  substantially 
reduced as was the de-
mand  on  the  filament 
transformer.   As a mat-
ter  of  being  able  to 
guarantee the longevity 
of the set, I went ahead 
and replaced  the  filter 
capacitors,  audio  cou-
pling capacitor and sev-
eral  other  bypass  ca-

pacitors connected to the B+ chain.  The two #47 pilot 
lamps were replaced with bayonet base LED bulbs 
intended as a direct replacement for the incandescent 
dial lamp bulbs.  These lamps have a slightly blue 
color cast, however they work quite effectively with 
the Hallicrafters dials and they allow reduced load on 
the 6.3 volt filament transformer.  They are generally 
available at model railroad hobby stores or from spe-
cialty lamp vendors over the Internet.   
 
Although the Hallicrafters Compay produced the ”S” 
series of radios as an economical alternative to their 
more expensive SX series, the originally eight tube S-
86 seems to have great sensitivity and selectivity for 
it's age.   It boasts a front end RF amplifier, two stages 
of IF,  a BFO and noise filters, and a separate 6H6 
dual diode detector tube, which makes it a fine re-
ceiver for a nostalgic 1950s era Novice station re-
creation.  
 
End Notes: 
[1] And considering the belligerent threats coming out 
of North Korea. 

The underside of my S-86 after rework. 
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RadioActivity-2017 Old Equipment Contest Results 
MAARC’s OEC Guru, Geoff Shearer, provides this table of winners, 2017 
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RadioActivity-2017 Old Equipment Contest Results- continued from p.11 

Maybe the most unusual radio in the contest was this rare Remler 5-panel set restored and submitted by 
Gary Alley.  We humbly apologize for allowing the garish Sheraton background carpet motif to show. 
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Most of us who restore old electronics have found a 
radio or amplifier whose power transformer is defec-
tive. Maybe it hums loudly, heats up, and blows 
fuses; maybe it is cold and really dead.  Something 
deep inside seems wrong, everything inside is coated 
with varnish or shellac, and is crisp and flaky, so it’s 
time to try to get a replacement transformer.  You 
count up the tubes in the set, calculate how much 
heater voltage and current you need, and make an 
educated estimate of the B+ voltage and current the 
radio needs.  The voltages throughout the radio, from 
Sams or Rider, give clues as to the B+ voltage level, 
and the types and number of tubes provide the data 
for coarsely estimating the B+ current needs.  Per-
haps the paper tag inside the radio’s cabinet tells you 
the power draw of the radio, and this will be approxi-
mately the sum of the heater power and the B+ power 
(plus any for a phonograph or other accessory built 
in). 
 
Armed with this listing of needs, you can run down 
the listings in old Allied, Radio Shack, Lafayette, or 
Radio’s Master catalogs, and see which UTC, Stan-
cor, Chicago, or Thordarson replacement power 
transformer best fits, and begin a search for one of 
these.  Failing that, you could look for another junker 
radio of the same general design – similar number 
and variety of tubes, etc. and hope it is available at a 
cheap price, and is in working condition.  Or you 
might find a naked transformer of the same general 
size as your dead one, and wonder if it could would 
work. This was a very commonplace problem for ra-
dio service people during and immediately after the 
second World War, and it returns to bother us collec-
tors today – because almost nobody makes power 
transformers for our radios.  Oh, yes, Hammond 
makes them, and AES in Arizona sells them.  They’re 
of good quality, there’s a modest variety available, 
but they’re expensive, often costing more than the 
radio they’re going into. 
 
So, imagine that you’ve found a transformer that has 
approximately the same dimensions as the old one, 
has the same number of wires entering it, and you’ve 
found that the various wires have a continuity pattern 
that looks right: What checks can you make to be 
sure this transformer will work and should not burn 
out in use?  Let’s assume the transformer is of the E-I 
or E-Ǝ core type, which describes the shapes of the 
core lamination pieces. 

 
First step is to go to your Radio Age files and dig 
out the April 2013 issue, where the main article is 
Brian Belanger’s instructions on sorting out and 
identifying the leads or terminals on transformers, 
especially power transformers.  His instructions are 
clear, and if followed, will lead you to the identifi-
cation of all the wire leads on the transformer and 
confirm the voltages they will produce when the 
unit is powered up.  So let us assume that you have 
followed his tips, and now know that the trans-
former you found will produce voltages that are rea-
sonable for your radio.  The issue at this point is: 
will the current ratings of the various windings sup-
port the radio adequately, or will the substitute 
transformer overheat or burn out? 

 
A few measurements and a calculation or two will 
resolve that.  The key is to measure carefully the 
transformer’s core dimensions.  You will need two 
measurements: (1) the core central pillar cross-
section area, and (2) the window area.  The dimen-
sions needed to get these values are shown in Fig. 1. 
The core central pillar is the center arm of the E-
shaped laminations, and the stack of these lamina-
tions can usually be seen at the center of the wind-

SPEAKING OF TRANSFORMERS 
BY ED LYON 

Figure 1. Schematic of E-I transformer core show-
ing key dimensions; x times y is core pillar cross-
sectional area; a times b is window area. 
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ing bobbin. This pillar’s cross-sectional area is the 
width times the thickness of this arm of the E lami-
nation stack (in the figure, or (x times y).  This 
cross-sectional area should be measured in millime-
ters-squared, so that if the pillar was 20 mm by 30 
mm, A would be 600 mm2.  This core cross-
sectional area is critical in that it alone determines 
the minimum number of turns of wire in the pri-
mary winding, for a given primary voltage. The 
window area (a times b, both in millimeters in the 
figure) is the area of one of the holes through which 
the coils of wire are wound, and it represents the 
maximum amount of copper wire that will fit on the 
transformer, thus dictating how much total current 
can flow in the windings. 
   
First calculation is to find the number of wraps of 
wire, or turns, are in the primary winding.  A handy 
rule of thumb for the safe number of turns per ap-
plied volt in the primary is given by the simple 
equation: 
 
Turns per volt, or N/V = 2653 / A, with A expressed 
in mm2. 
 
Let’s take an example set of measurements. Imagine 
the cross section, A, to be 20mm x 30mm, or 600 
mm2, so that N/V would be 4.42.  With our power-
line voltage of 120V, then the primary should have 
531 turns of wire.  This number of turns will pro-
duce a safe maximum of flux density, B, in the core, 
which for transformer iron is one Weber per square 
meter of core. So our 600 mm2 core will have a to-
tal magnetic flux of 600 microWebers or 0.0006 
Weber. 
 
The window area (a times b in the figure) is next. 
The total amount of current-carrying wire that will 
fit in any such window turns out to be about 1.55 
ampere-turns per mm2 of window.  Our example has 
a window area of 450 sq. mm, so that our total cur-
rent capability is 450 x 1.55, or about 698 ampere-
turns.  Half of this capability is reserved for the pri-
mary winding, and the rest is distributed among the 
secondaries. So, 349 ampere-turns are for the pri-
mary.  Remember that the primary has 531 turns, 
which  indicates the primary current will be 
349/531, or 0.657 Ampere (657 mA).  
 
This is real current, which, when multiplied by the 
120-volt primary voltage, yields about 79 watts 
power.  This must have been for a substantial radio, 

( continued from page 13 ) with perhaps 7 or 8 tubes, with two of them likely 
being push-pull output tubes. 
 
In following Brian’s procedure, we would have meas-
ured the voltages out of each secondary winding, and 
calculated the number of turns in each winding, since 
we now know how many primary turns there are.  
This results in the following: (1) 300-0-300 volt high-
voltage winding (of 2656 turns, center-tapped), (2) a 
5-volt winding (of 22 turns), and (3) a 6.3 volt wind-
ing (of 28 turns).  We can be sure the 5-volt winding 
is for a 5Y3 or type 80 tube, running at 2 amperes, 
the 6.3 volt winding rated at 4 amperes, and we need 
to see how much remains for the B+ winding.  The 
total available window’s worth of ampere-turns (A-t) 
available for all secondaries was 349 A-t. The 5-volt 
winding gets 22t times 2 Amps, for 44 A-t, the 6.3 
volt winding gets 48t times 4 Amps, for 112 A-t, and 
the high-voltage winding gets what’s left (349 – 44 – 
112) or 193 A-t. That 2656-turn winding then can 
produce about 70 mA total, which in a full-wave rec-
tifier circuit would yield 300V at 140 mA, a totally 
believable figure.  This transformer would work fine 
in almost any 6, 7, or 8-tube set.  The amazing thing 
is that we needed to know only the core dimensions 
and Brian’s measurements. 
 
More can be learned from other measurements, such 
as the magnetic path length, L in the figure, which 
determines the Reluctance of the core, and, with the 
flux we have already determined,, the inductance of 
the primary winding.  But Brian showed how it can 
be measured, instead.  Figure 2, below, is photo of a 
junk-box transformer analyzed this way, and it turns 
out to be a very useful combination isolation trans-
former with an extra 12-volt high-current winding, 
very handy for a task like John DeMajo’s conversion 
described in this issue of Radio Age. 

Figure 2. A robust jink-box transformer that pro-
duces 120 volts and 12 volts. 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 
 
F o r  S a l e :  R C A / N i p p e r 
Maintenance mats, new old stock 
(probably 1980s), red vinyl, black 
cloth backing, 51 by 31 inches, 
1.3 lbs. Two Nipper (dog and 
Victrola) logos with words"RCA 
Replacement Parts" in white at 
top and bottom. Mats were 
intended for use by technicians 
repairing electronics in your 
home. Mint, folded in original 
stapled plastic bag, with insert 
printed "RCA Stock # 1F8084". 
Fine display table coverings. $43, 
or two for $78, postpaid in U.S. 
Email or phone for picture or 
more info.  Alan Diamant, 108 
Redwood Drive; Madison, AL 
35758; 256-325-4600, email: 
amdiamant@aol.com.  
 
 
For Sale: 
 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. 
 
 

Vintage Electronic Services: 
Specializing in vintage radios, test 
equipment, and audio.  
**  Elec t r ica l  Repai r  and 
Restoration  
** Component Rebuilding  
For more information, visit my 
w e b s i t e  a t  h t t p : / /
services.pixellany.com/  
Mark Herring, Annapolis, MD  
443-949-9785  
mark@pixellany.com 
 

Wanted: 
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 
 
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 
 
 
Welcome is extended to some 
“Old Timers” who renewed 
MAARC membership at 
RadioActivity-2017: 
 
M a t t h e w  M c C o l l u m , 
Kensington, MD 
 
Bruce Mager, Leonia, NJ 
 
Paul Squires, Acworth, GA 

 Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 
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MAARC Your Calendar! 
Sun., July 16 MAARC meeting at the Davidsonville Family Recreation 

Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table: Book-  and jewel-case-
radios; Program:  Building a tech library, Brian 
Belanger.and Joe Meagher 

Sun., Aug 20 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table: European Radios; 
Program:  Radio Interoperability, Bruce Pellicot. 

Sun., Sept.17 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table: <1950 Radio Batteries; 
Program:  Stuffing components, Dan Koczur. 

Sun., Oct. 15 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table and Program:  TBD. 
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