
 
  

B 
ACKGROUND – 
 
It would be good to get right into the 

workings of a typical transistor radio and start 
repairs, but by this time most of the readers know 
that I don’t write that way.  There’s always the 
historical element and the technical principles to 
work out first.  We shall consider such stuff here, but 
promise that we will also get right down to brass 
tacks in this first installment, too. 
 
Bu way of historical 
background of transistors, 
we can start by considering 
the thinking that had to be 
going on as fellows like 
Dunwoody stumbled across 
rectifying crystals back at 
the end of the 19th century.  
T h e  p o s s i b i l i t y  o f 
communicating over great 
distances by wireless signals 
had been proven, and the 
task now was to devise 

Volume 45 January 2020 Number  1 

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

affordable and effective apparatus to generate, 
radiate, and receive these signals.  Generation was 
no problem – lightning strokes had showed the way.  
Strike an electrical spark and you’ve made a signal. 
Why, even tribo-electric discharges [1] made radio 
signals.  Radiation was also easy – almost any wire 
held aloft can be a transmitting or receiving 
antenna.  The early communicators made a point of 
lofting the largest, most eleborate arrays they could 
think of, and gradually recognized that the antenna 

wire had both inductive and 
capacitive properties, and 
within a few tens of years 
had even worked out the 
m a t h e m a t i c s  o f  t h e 
inductance and capacitance 
properties of the antenna 
wires and the rest of the 
radio components, and how 
they defined (and confined) 
the wavelength of the signals 
they could radiate and 
receive. 

(Continued on page 3) 

 
RESTORATION OF TRANSISTOR ELECTRONICS - PART 1 

BY ED LYON 
This will be a multi-part series of hints, kinks, and explanations of the methods and madness involved in restoring 
transistorized electronics ---- yes, yes, I know, transistors operate not only by electron transfer, but also hole (or 
anti-electron) transfer, so we shouldn’t limit this to electronics, but to radios, recorders, amplifiers, and thes 
equipment.  

Isis brand transistor radio, 
AM-FM bands, operated 
from4 AA batteries or wall-
wart, sponsored by Avon. 
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But, then, there was the problem of reception.  How 
do you receive and recognize signals that are electric 
and magnetic in nature once these signals have 
arrived at your antenna wires?  Are there heating 
effects, vibrations, sounds, lights, smells, chemical 
reactions, or what?  An early candiudate was the 
coherer; this was the little glass tube with electrical 
terminals at its ends, and  filled with various 
(proprietary, secret, sometimes disgusting) particles 
that would clump together when a radio signal 
arrived and its current passed through the coherer.  
The clumping, even if it could not be seen or heard, 
improved the electrical conductivity of the device, so 
that deliberate battery currents, also connected to the 
ends, would be able to pass sufficient current to 
operate a little bell, sounder, or light.  Un-clumping 
was then required to get the coherer ready for the 
next signal, or the rest of the first signal, if it had 
been a long “dash” rather than a “dot.”  Clever 
coherer/de-coherer devices filled the radio supply 
catalogs, and experimenters searched for better ways. 
 
Dunwoody may have been the first, but possibly 
others had tried it, but he had the persistence and 
attentiveness to write down all the materials he tried, 
as he substituted a crystalline mineral for the coherer, 
and directed any current passed by the crystal directly 
into a headphone, sometimes with a battery in the 
circuit, but often without it.  He found several 
minerals, one being carborundum, that seemed, at 
times, to pass radio signals into the headphones in a 
way that they could be heard.  His first attempts were 
futile, wrapping two separate lengths of copper wire 
around a bar of carborundum, but he soon corrected 
that by using one thin wire jabbed into the mineral, 
which, itself, was embedded in a blob of solder.  His 
thinking was that electric particles (electrons?) could 
get from the thin point of wire into the crystal, and 
thence to the solder and its terminal, but the same 
particles would have poor luck finding the tiny point, 
if they tried to go the other direction. – which, 
although he may not have realized it, meant the 
crystal was rectifying the radio signals. Lo, and 
behold!  Although this is not the mechanism, it is 
exactly what both radiomen and scientists had been 
aiming at all along – “what we need is a device which 
will rectify the a-c signal currents collected by the 
antenna.”  And up to that time, none of the other 
devices tried, even the acid-metal combinations (so-
called electrrolytic or “spade” detectors) did that – 
some worked on heating effects, one even worked on 

(Continued from page 1) the signal a-c content’s demagnetization of a 
magnetized wire, but simple rectification was 
necessary, and was the basis for the “crystal set.”   
Galena was soon found to be the most sensitive of 
the crystal detectors.  
 
It required almost twenty years and a World War for 
the crystal detector to be finally replaced by reliable 
and predictable electron tubes, and in that period 
plus another twenty years and the start of another 
such War, nobody really understood how the crystal 
detector worked.  Well, the Einstein group of 
quantum scientists did, but their explanation was 
clouded with “probabilities” and theories, and the 
leaning of multiple theories upon each other.  But 
they were right, and the outcome of the War 
depended on it. 
 
Crystal detectors were a favorite starting place for 
radio experimenters of my age, and I followed the 
work being reported out of places like Bell Labs as 
best I could during the WW2 period, even though 
the mathematics accompanying the reports in the 
Bell Journal and other literature escaped  my 
understanding at the time.  By the end of the war, 
though, my understanding  had improved, and the 
reports of what had been happening in the 
electronuics science had become enriched by 
disclosures of formerly secret wartime work.  One 
result was a full disclosure of how crystal sets 
worked – and where transistors would come from. 
 
The key to a galena crystal as a detector is the fine 
cat’s whisker wire and a favorable spot on the face 
of the crystal.  As a young experimenter, I often 
tried to measure the “front-to-back” resistance of 
my galena crystals and could never get meaningful 
results, even though they could be relied upon to 
detect KDKA signals any time I put them in a 

(Continued on page 4) 
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standard Boy Scout Manual crystal 
radio I had made at age 10.  What I 
thought I should have been able to 
measure was at least a ten-to-one 
resistance ratio as I reversed the 
connections to my homebrew ohm-
meter : maybe 200 ohms with the 
leads connected one way, and 2000 
ohms with the leads reversed.  But 
all I ever got were fluctuating values 
both ways – and it wasn’t until after 
I read Bell Labs’ reports after the 
war that I scoured several Cleveland 
“junk” shops for a  crystal set  so I could measure 
this thing again, under Bell Labs conditions –  with 
at least half-way decent care in measuring.  I made 
the measurements, using actual cat-whisker wires, a 
real crystal holder, and good meters, and got what I 
knew had to be there: varying values, but many with 
250-to-450 ohms “forward” and well over ten times 
that value “backward.”  But the trick was to use a 
sharp cat’s whisker point, find the spot of low 
forward resistance, and then not to touch or bump 
the setup until both forward and reverse 
measurement are secured, and repeatably made, 
through use of a remote ohmmeter polarity-
reversing switch, so as not to disturb the crystal set 
setup or its table. 
 
It was this utter lack of position repeatability and the 
use of a dull, flexible cat’s whisker that covered 
many possible crystal facets at once that doomed my 
early “youngster” measurements.  The fellows at 
Bell Labs, during the war, had found this the case, 
and ignored the use of Galena (lead sulfide) as a 
candidate for the “crystal sets” they were working 
on – the key to detecting radar signals at 3000 MHz.  
GE had been hard at work making experimental 
vacuum-tube diodes for this purpose, and were close 
to succeeding, but everyone realized that the radar 
transmitter folks were already working on the next 
step- 10,000 MHz radar transmitters, and the 
unresolved problem of sensitive receivers for 3000 
MHz still staring them in the face.  Vacuum tubes at 
3000 MHz had to be diodes, as triodes were still too 
complex and slow to be viable at 3000 MHz, and –
forget tetrodes or better.  The element spacing, 
stability, and cooling were still too hard to make 
work, especially in mass production.  So Bell 
scientists came back to crystal diodes.  
 
Since the early 1930s, the “relativity” scientists had 

(Continued from page 3) explained the basis for electrical 
conduction, non-conduction, and 
semi-conduction in substances, all 
of which are at play in the 
principles behind crystal rectifiers 
or diodes.  It was all tied up in the 
Bohr/Born/Pauli models of the 
atom.  Niels Bohr had earlier 
described the hydrogen atom as a 
model for all matter – a central 
positively-charged nucleus and 
orbiting electron(s) to match the 
positive charge of the proton(s) in 
the nucleus.  Max Born urged 

refinements so it could cover atoms slightly more 
complex than that of hydrogen – and Wolfgang Pauli 
made further adjustments to explain why insulators 
(non-conductors of electricity) might continue to be 
non-conducting over great changes in heat energy, by 
inventing a notion of a “forbidden” band of distances 
(and energy levels) from the nucleus that could not be 
occupied by electrons in orbit around the nucleus. 
 
With these models, one could go through 
Mendeleev’s “periodic table of elements,” and predict 
which elements would, at normal temperatures,  
make good conductors of electricity, for example.  
These would be materials with atoms whose 
outermost electrons travel in orbital bands that have 
no more distant orbital bands in which to shift, upon 
becoming energized, say, by a spot of heat or light or 
electrical pull or push.  In that event, those outer 
electrons fly loose and are free to join other atoms, or 
wander through the spaces between atoms, and if 
they find a positive charge somewhere, will migrate 
toward it, forming an electric current.  
 
On the other hand, some materials, called semi-
conductors, do not have those kinds of atoms, and are 
usually in crystalline form, with more than one 
unique type of atom.  They might be 99.99 percent 
pure, but not quite 100%, and, instead of having 
empty wandering space outside their atoms’ outer 
electron orbits, have a Pauli forbidden zone 
immediately outside that electron-orbit band.  And 
there can be another possible orbit region outside that 
zone.  If a normally outer (valence band) electron 
gets a jolt of energy, it can jump over the forbidden 
zone and begin orbiting outside that area but is very 
likely to find a more favorable location (closer to 
some other positive electric charge, like a 
neighboring foreign atom) and begin orbiting there.  
This moves the net charge of the whole structure 

(Continued on page 5) 

My galena crystal was a poor rec-
tifier with this coarse, corroded 
cat’s whisker (arrow points at it). 



Radio Age  January 2020         RadioFrostFest-2020-January 19         page 5 

frequencies (3000 to 
22,000 MHz), with 
w a v e l e n g t h s 
m e a s u r e d  i n 
centimeters and 
m i l l i m e t e r s , 
allowable transit 
times were measured 
in very small 
fractions of a 
nanosecond, and 
waveguide plumbing 
was used to carry 
radio frequency 
energy around and to 
and  f ro m the 
antenna.  So, Bell 
Labs succeeded in 
m a k i n g  s t a b l e 
microwave detector 
diodes using both Ge 
and Si crystals, 
suitably doped, and 
with very sharply 
pointed and fixed “cat’s whiskers.”  These diodes 
were found to be excellent as mixers for converting 
microwave frequency signals, such as 3000 MHz 
radar echoes, to 30 MHz to 60 MHz intermediate-
frequency signals in superheterodyne radar receivers.  
They could be made very small and integrated well 
with the waveguide “plumbing” in the radar sets of 
the time.  They had also developed machines (and 
operators of them) that could turn out these crystals 
by the hundred and thousands.  Each crystal was 
housed in a tiny coaxial ceramic tube with a cats-
whisker terminal at one end and the crystal, with its 
tiny speck of impurity in a silver-plated fixture at the 
other end.  The two ends were screwed together and 
the final step was introduction (through a tiny hole in 
the ceramic tube) of a tiny droplet of wax to dampen 
the cat’s whisker springiness (so it wouldn’t vibrate) 
and then the whole assembly was tapped against a 
wooden block, only once, to “set” the cat’s whisker 
into the crystal face.  This last step was manual, and 
was done by experts – who had no other task 
assigned to them.  The crystal unit was then slipped 
into a lead foil wrap to keep out radiation and to 
prevent anyone touching the ends and possibly 
burning it out by static electricity sparks. 
 
This work was repeated at several other plants, where 
the science (or art) of making superhet converter 

(Continued on page 6) 

slightly, and technically constitutes a current, but 
needs each electron to be pried loose and shifted a tad 
to really be called practical current.  These kinds of 
crystals can be used for a crystal set or a 3000 MHz 
detector diode.  Silicon (Si) and germanium (Ge) 
jump out as possibles, both having four electrons in 
an outer orbit band that could hold eight or eighteen, 
respectively.  In crystalline form, both could form 
stable structures which shared pairs of electrons with 
neighbor atoms on two sides, thus making up a cubic 
shape which was stable.  At low temperatures, both 
were insulators, since their orbiting electrons were 
quite satisfied in their orbits.  But introduction of an 
impurity, like indium, with an odd spare electron or 
two and the nicely arranged crystalline form is 
changed, and the spare electrons can both spin outside 
the Pauli exclusion zone, and can fly off and join 
other impurity or native Ge or Si orbits.  This made 
Ge and Si, with their impurities, classical 
semiconductors, rather than conductors.  
 
 The last electrical class of matter is that of insulators 
or non-conductors.  These have atoms that have wide 
forbidden bands just outside the valence electron 
orbits, such that under normal conditions (no severe 
heating or electric fields available to wrench electrons 
loose), there are no free electrons drifting about to 
carry energy from one place to another.  Insulators 
can become conductors if their atomic orbiting 
electrons can be sprung loose from the atom, perhaps 
by injecting sufficient heat, or electric fields 
(remember the piece about lightning strokes ripping 
through the insulating air a few months ago in these 
pages).  Insulators can become semiconductors, as 
well, by alloying their atoms with somewhat similar 
atoms of a foreign substance.  Silicon, for example, 
can be “doped” with a trace of arsenic, so that at room 
temperature, its insulating properties are changed, 
making it possible to spring valence-band electrons 
outward into a conducting orbit, as they bond with 
one of the arsenic atom’s outer electrons.  In this way 
semiconductors can have their conductivity 
manipulated rather readily, and that is where we are 
going, next. 
 
This is the background that was well known during 
the WW2 period, and it was by the use of this 
knowledge that optimum germanium and silicon 
diodes were developed.  Most of the painstaking part 
of the Bell Labs work was making it work in the very 
tiny sizes demanded by the short wavelengths of the 
signals they were trying to rectify.  At these 

(Continued from page 4) 

Left: oscilloscope trace of 
current vs. applied voltage 
for GE welded-cat’s whisker 
silicon diode.   Downward 
dips are evidence of nega-
tive resistance. 
Right: two of the 1N21 di-
odes, about twice their ac-
tual size.  
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point where the diode just starts conduction [2].  
They obtained a plot as shown on page five, showing 
two distinct regions of forward voltage where the 
resistance (the slope of a voltage-vs.-current curve) 
runs through zero and goes negative.  Operating the 
diode unit at these points would have yielded very 
high conversion transconductance, likely well over 
several thousand micromhos, surpassing (at 3000 
MHz) the efficiency of the best tube-type pentagrid 
converter (at shortwave frequencies) by a large factor. 
Waltz wanted to continue the experiments, suggesting 
adding a separate welded contact to use for adding in 
a d-c bias for experimenting purposes, but was 
warned by North that they were not allowed to pursue 
experiments taking them astray from producing radar 
components needed to win the war.  These same 
admonishments were also occurring at Bell Labs 
when the experimenters wanted to try different 
alloys, different methods of testing diode contacts, 
and adding auxiliary contacts for measuring 
performance right at the crystal, but were warned that 
their job was to make the radar receivers work to win 

(Continued on page 7) 

diodes had to be learned 
and practiced, just to keep 
up with the production of 
radar  and  in te rcep t 
receivers of both the US 
and allies in the war.  At 
General Electric, engineer 
H. Q. North thought that it 
might be possible to 
substitute an electric charge 
instead of the final manual 
tap to “set” the cat’s 
whisker, and he tried it on 
an exposed unit, after 
having thinned the cat’s 
whisker to extra fineness, 
to help limit the current he 
would pass into the crystal.  
He was surprised to find 
that the discharge of a charged capacitor through the 
crystal actually welded the cat’s whisker to the 
crystal face, made possible by the impurity that had 
made the face semi-conductive.  Not only was the 
fine wire welded to the crystal, but the diode worked 
better than those made the old way.  To his 
astonishment, the conversion gain, measured by the 
overall power gain from the 3000 MHz input signal 
to the 30 MHz IF output, was greater than unity.  On 
measuring the transfer characteristic carefully, he saw 
a backward slope to the current-voltage characteristic 
– he had made a “tunnel diode” long before Esaki 
would patent the process in Japan about fifteen years 
later.  This reduced the noise figure of the radar set it 
was used in, to everyone’s delight, and was far more 
rugged that the usual radar diodes. 
 
North and his associate, M. C. Waltz, continued to 
run tests on several variations on the welded-contact 
germanium diode, carefully plotting the forward 
conductance of the diode with various local oscillator 
configurations.  They added some forward voltage 
bias to get the conductance plot, as captured on an 
oscilloscope, to be closer to the origin, that is, the 

(Continued from page 5) 

FOR THE RECORD 
 

The December 2019 meeting of the Mid-Atlantic Antique Radio Club was held  on the 15th of December, at 
Sully Station , Centreville, VA. (When I see Centerville spelt that way I get a hankering for beef and kidney pie, 
kippers, and similar offal, don’t ye?).  There were at least 60 members present.  Ed Lyon kicked off his forth-
coming series of writings on transistor radio and equipment restoration, in a presentation on the subject.  The 
illustrations used are now exhibited on the MAARC website, thanks to Dave Rossetti.  Brian Belanger showed 
his trial version of the Roycroft book, pictured in this issue of Radio Age.  
The auction was fairly large, with some good test gear.  

The symbols for NPN and PNP transistors are shown here, in  simplified 
“grounded emitter” amplifier circuits.  A single battery is shown because 
that’s what you will find in most small transistor radios. Placing a small re-
sistance in the emitter-to-ground lead would add negative feedback and 
added protection from thermal current-increase effects. 
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the war, and not to devise new products or 
unnecessary radar modifications.  
 
After the war, Bell Labs’ William Shockley, aware of 
North’s wartime discovery of the gain achieved in 
certain diodes, got the idea that it might be possible to 
use the same technology they had successfully 
employed in developing the superhet converter diodes 
to devise an amplifier.  His idea was assigned to 
Bardeen and Brattain, two scientists working with 
him, and Shockley emphasized that the plan was to 
start with the successful diode, and to coax electrons 
across the barrier set up at the impurity edge by 
bringing in an electric field which could cause a large 
group of atoms to discharge their outer orbit band 
electrons in an avalanche.  That is, an applied electric 
field would move electrons through the crystal [3].  
Just like a vacuum tube triode – a small plus-and-
minus signal on the grid causes a large increase-and-
decrease in cathode-to-anode electron flow. 
 
It didn’t work at all.  Bardeen and Brattain found that 
the electric field could not be maintained at the level 
needed to keep generating and moving the conduction 
electrons across the barrier and then to the holder of 
the crystal.  However, in later tests, they found that if 
they started some electrons into the junction, each 
could be made to tumble more electrons ahead of it, 
and furthermore, it could also be done by injection of 
“holes” or “electron-free positions in the conduction 
orbits.”   Instead of using an electric field to move the 
electrons (or holes), Bardeen and  Brattain used 
another contact to start a current through the junction, 
and found that this current triggered a similar current 
from the original cat’s whisker contact.  They called 
the triggering electrode the emitter and the original 
contact the collector.  The crystal was called the base.  
When they saw what the working mechanism really 
was, they changed the emitter and collector wires to 
sharp, closely-spaced knife edges, to spread the 
current density.  This was the first transistor, if you 
don’t count Lilienfeld’s work [5]. Shockley appended 
his name along with Bardeen’s and Brattain’s and a 
patent was applied for.  Later, Shockley, seeing that 
the two contacts and the base crystal made a three-
layer assembly seem to be necessary, mounted two 
positively-doped germanium specks on either side of 
a thin negatively-doped piece, and attached electrodes 
to all three [4].  This spread the apertures through 
which the currents of electrons had to travel, and it 
worked, and more uniformly than those with the two 
cat’s whiskers poked into the base crystal. Both 

Continued from page 6 

methods were patented with the point-contact type of 
Bardeen and Brattain having priority.  
 
This first transistor was large, utilizing gold leaf on 
carefully machined edges of polystyrene as the 
emitter and collector “cat’s-whiskers” of the electrons 
in the crystal, which was doped with either arsenic 
(As) or indium (In) as the “impurity.” Bardeen made 
up several breadboarded radio circuits to test the 
transistor in various modes of operation, just as one 
would do with a new vacuum tube creation.  In 
working on the audio output amplifier he and Brattain 
noted the thermal runaway effect, which is normal 
with energy-triggered electron release systems.  Any 
localized heat will promote the release of many more 
electrons from the valence orbital band to the 
conduction band, which activity is the very definition 
of more heat.  The effect runs away, and burns out the 
device, unless the designer includes resistors in 
critical places which will automatically reduce the 
available voltage to the affected junction, curbing the 
current flow, and thus transfer the heat buildup to the 
resistors.  They were working with point-contact 
transistors, which were natural outgrowths of the 
wartime crystal diodes.  Other such outgrowths were 
more direct, and came sooner than the transistor. 
 
One was the so-called high-voltage crystal diode.  
These were usually made of a carefully doped 
germanium or silicon pellet and a short, stiff, cat’s 
whisker wire.  In some such diodes, used late in the 
war as signal detectors in IF amplifiers and in video 
amplifiers, the cat’s whiskers were welded to the 

(Continued on page 9) 

John Bardeen, William Shockley, and Walter Brat-
tain at Bell Labs in 1948, credited with invention of 
the point contact and  junction transistors. 
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This full-page of Raytheon transistors listings in the 1956 Radio’s Master seems to be a bit much - 
there are but 11 transistor types listed. 
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crystal, as North had done.  A review of radio parts 
catalogs (such as those from Radio Shack, Allied, 
Lafayette, and the Radio Master from 1948 onward to 
1960) shows the development of the art of transistor 
and diode manufacture among the major 
manufacturers.  Allied Radio’s 1953 catalog was the 
first that offered a transistor, this one a GE type G-11.  
The first to offer what appeared to be war surplus 
silicon and germanium diodes, many designed as 
microwave superhet mixer diodes, was Sylvania, in 
the Allied 1951 catalog.  The famous 1N34 
germanium fixed diode was also there, but it had also 
showed up a couple years earlier, in the 1949 
Lafayette catalog, said to be made by Sylvania.  The 
currently still-popular high-voltage silicon diodes in 
the 1N4002 series began to show up in the 1956 
Radio Master, and that same issue had a full page of 
Raytheon transistors and their characteristics, and 
full-page ad for seven or eight types of transistor 
offered by General Transistor Corporation. Most 
early types were Germanium, a few being the point-
contact type like miniatures of the originals by 
Bardeen and Brattain, but by 1948 or so, the 
Shockley-type junction transistor was dominant, the 
point contact type having been abandoned.  
  
Western Electric, Bell Labs’ manufacturing partner, 
released some early transistors, both npn and pnp, to 
the market for experimentation in the spring of 1952, 
and many companies bought samples for 
experimentation, including Raytheon, General 
Electric, Philco, Texas Instruments, and many smaller 
labs, including Industrial Development Engineering 
Associates (IDEA) of Indianapolis. This last-named 
outfit joined with Texas Instruments to develop a 
portable transistorized radio, which became the 
pioneer commercial transistor set made in this 
country, and put on the market in time for Christmas 
1954.  It used four junction npn transistors, based on 
the Bell Labs designs, and found by Western Electric 
to be too slow for the switching purpose they had 
envisioned for the type.  The IDEA/TI model was 
called Regency T-1, named for the new Regency 
division of IDEA.  Although not a good performer, it 
sold about 100,000 units within the first year, and 
was an attractive little radio. 
 
While Bell Labs and WE were distributing samples 
of their transistor-making art in 1952, a Japanese 
electronics company president named Ibuka, not only 
obtained samples from Western Electric, but secured 
a license to manufacture similar units in Japan.  On 

(Continued from page 7) 

his return to Japan, he set about organizing what 
would be called Sony Corporation, and a capability to 
manufacture transistors and all the other new 
miniature versions of the usual radio components, 
like transformers, coils, capacitors, resistors, volume 
controls, loudspeakers, and the rest.  In August 1955, 

he returned with the Sony TR-55 five-transistor radio 
that used all these new components.  It is thought that 
about 10,000 were sold here.  

(Continued on page 10) 

The inside view of the Regency TR-1 radio.  Note 
the rather large tuning capacitor at the top, and 
the normal “midget” and “compact” sizes of resis-
tors, capacitors, transformer, etc. 

Regency XR-2A was a simpler set, with ear-bud 
output rather than loudspeaker. 
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In between these two early models, Raytheon had 
developed a capability to design and manufacture 
transistors and diodes, and in early 1955, they 
marketed their Model 8-TP-1 portable (but way too 
big for a pocket) 8-transistor set that had a 4-inch 
speaker, making it sound like a real radio, and not 
squeaky and mouse-like.  It was a successful design, 
and led to emulation by Zenith, Philco, Automatic 
(Tom Thumb and Western Auto) and many others.  
Only gradually did the industry succeed in making 
the Sony-like small components needed to really 
modernize the sets.  Many early models had metal 
chassis and transistors that plugged into three-pin 
sockets, like tubes.  The imported sets (all from the 
Orient) all used the new Sony-like miniature 
components, and printed circuits, mostly hand wired 
and hand-soldered. 
 
End Notes: 
[1] Tribo-electricity is generated by frictional 
activities between sticky substances, for example.  
Take a roll of old fashioned friction tape (or old 
fashioned first-aid-kit adhesive tape).  Get into a dark 
room and wait until your eyes have become 
accustomed to the dark, and the eye pupils have 
expanded.  Take the roll of tape, and pull out a short 
length, fixing your gaze on the place where the sticky 
side of the tape is separating from the roll.  As you 

(Continued from page 9) 

pull the tape free from the roll, you will see tiny 
sparks along that seam.  Those are tribo-electrric 
spark discharges.  Although not large enough to 
ignite gasoline vapors, they have been known to 
detonate hydrogen-oxygen mixtures. 
[2] Most solid-state diodes do not start forward 
conduction until some forward voltage, often called 
the threshold voltage, is applied.  The common 
1N4004-1N4007 series of silicon diodes we often use 
in ac-dc radio repair have about a half-volt positive 
voltage drop because of this threshold issue.  In an 
old-time crystal set that has been modernized by use 
of one of these diodes, therefore, the user should 
construct a battery-fed potentiometer in series with 
the diode to install in lieu of the galena, to produce a 
forward voltage of selectable amount to make the set 
sensitive to very weak stations. 
[3] Lilienfeld had postulated such a device as early as 
1927, often described as a field-effect transistor, or 
very close to it.  Bell Labs’ difference here is that 
they knew the quantum physics of the process.  
Strangely though, later, when the true field-effect 
transistor was patented, and not by Shockley, he 
seemed to take it in stride.  
[4] In a generic germanium junction transistor. 
Doping the germanium with indium makes it a “p-
type” semiconductor, shy of electrons; with arsenic as 
dopant, it becomes n-type, rich in available electrons.  
Then if the transistor consists of an n-type base with 
a p-type emitter and p-type collector, is called a pnp 
transistor.  An npn transistor would have opposite 
types in the three functions, always labeled in 
emitter-base-collector order. 

This is a picture from a web site, but is the same 
model Heathkit XR-1 that this author bought and 
assembled.  It used a metal chassis , had a large 
speaker, and played quite well, able to run for 
over 600 hours on the big D-cells. 

This is the Heathkit XR-1 cabinet. 
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G 
EOFF Shearer wrote to 
mention that he has found 
yet another noteworthy 

hybridization of a radio in his col-
lection. Attentive readers will recall 
that in November we noted several 
hybrid radios – one that started out 
as a specific brand and model, and 
got partially or completely changed 

to a different circuit or major parts substitution, 
owing to conditions or events in the radio’s 
past.  The issue for a collector today was to 
decide just how to restore the set. 
 
His most recent such discovery is in regard to a 
Fada Catalin “Temple” or “Trapezoid” set, 
usually found as model 252 or 652 (before or 
after the war, respectively).  This one, shown 
immediately below, looks quite good, as found, 
but had a strange lever-operated switch poking 
through the loop antenna in the back. 

 
This would usually indicate, if not obviously 
added by someone, that the radio is actually a 
Fada Model 659, which was a 652, but with an 
added shortwave band inside, actuated by the 
lever-operated rotary switch on the back.  But 
Geoff’s radio’s dial shows only one band – the 
broadcast band.  But then, Geoff suddenly re-
membered having an unusual glass radio dial 
plate in his “Caution – Don’t Drop – Glass!!” 
junk box.  When retrieved and dusted off, it 
seemed the right size, so he slipped it in place, 
and it is, in fact, the proper dial for that rare 

radio.  Don’t you love it when things fall in 
place?  Here’s the final appearance: 
 

Those two little gizmos illustrated in the Novem-
ber “Tidbits” column of this journal – the ques-
tion was: what are they?  And we got two answers 
from alert readers:  Both about the same, these 
things are S&A/F devices, meaning Safety, Arm-
ing, and Fuzing elements.  They are in circuits in 
ordnance that act like safety fuses to break a cir-
cuit or short one (we showed one of each) upon a 
current flow in the wires at the other end of the 
device; presumably such a current would be dan-
gerous, perhaps arming the ordnance. 

Remember: 
RadioFrostFest at the National 

Electronics Museum, Linthicum, 
MD, January 19th. 

Tidbits 
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We think we have finally secured a date for 
MAARC’s annual summertime extravaganza, 
RadioActivity-2020, that will not interfere with 
other radio-related activities – Thursday after-
noon, June 4th through Saturday, June 6th.  The 
MAARC Board struggled with ideas for a 
theme – one that is not a repeat of another re-
cent meet’s theme, and perhaps one that has sig-
nificance with respect to the year – 2020.  
That’s how the thinking went, and the result ---
The centennial year of the pioneering radio 
broadcast by Westinghouse’s KDKA, in Pitts-
burgh. 
 
The irony of that event was profound, in the 
newly-created Radio Corporation of America, at 
least.  There, some years before the actual crea-
tion of RCA, David Sarnoff is said to have said 
that someday Americans will listen to a little 
music box to find entertainment, news, and ad-
vice, all brought to them through wireless sig-
nals --  He was solemnly predicting the phe-
nomenon of Broadcast Radio, and his company 
being the supplier of the little music boxes. 
 
Then, in late 1920, about a century ago, West-
inghouse’s Frank Conrad, a ham operator in 
Pittsburgh, began entertaining anybody who 
chanced to have a receiver and the time, with 
musical selections, news of the day, and late-
into-the-night news of the elections just con-
cluded, all via a transmitter Westinghouse man-
agement permitted him to operate from their 
facilities in East Pittsburgh.  But how did the 
general public benefit, you ask.  Well, Westing-
house management liked the notion so well that 
they arranged for the purchase of over a hun-
dred WW1-surplus BC-12 crystal sets, and they 
sprinkled them around the staff and workers , 
some of whom put up aerial wires and listened 
in to the broadcasts in the evenings, while some 
sold the BC-12s, and others tucked them away 
in the attic and ignored the whole thing – until 

all the rest of the neighborhood was chattering 
about the wonderful broadcasts of singers, or-
chestras, church services, and speeches – all for 
free, and all in their own homes! 
 
Soon Dr. Conrad had a regular staff running the 
broadcasts, and he and his engineers began de-
signing and manufacturing little Sarnoff-type 
“Music Boxes,” called Aeriola sets.  Aeriola Jun-
ior, Aeriola Senior, Aeriola Grand, and the rest.  
And all this while RCA management just stared 
and wondered what all the fuss was about.  And 
almost too late, they came to their senses, and 
began back-slapping themselves, as prophets, 
and then struggled to gain control of the radio 
avalanche Westinghouse had started.  Soon it 
was all GE (RCA’s parents) and Westinghouse 
could do to keep up with the demand – while 
other giants in the industry struggled to satisfy 
the demand for broadcasting transmitters – and 
the Golden Age was born. 
 
That’s the theme and its background, and here 
are Geoff’s suggested Old Equipment Contest 
categories, for 2020:   
 
Theme Category 1. KDKA and Westinghouse 
Theme Category 2. Crystal sets that could have 
heard KDKA in 1920-21 
Theme Category 3.  Ads and ephemera relating 
to early (192o-21) broadcasts 
Category 4. Early (pre-WW2) test equipment 
Category 5. Radios with tuning-eye tubes 
Category 6. Multi-band radios 
Category 7. Wood or Plastic table radios 
Category 8. Metal or cardboard case radios 
Category 9. Loudspeakers 
Category 10. Yellow radios (Paul Farmer memo-
rial category) 
Category 11. “As seen in Radio Age (2019)” 
Category 12. “Lazarus” restoration triumph. 
Category 13. Audio unit from modular system. 

(Continued on page 13) 

RADIOACTIVITY-2020 UPDATE -- OEC REPORT 
BY GEOFF SHEARER AND ED LYON 

It’s not too early to be readying for the Old Equipment Contest for RadioActivity 2020.  Geoff Shearer, the OEC 
Pontiff and all-’round handyman has selected nice broad categories for you to fill.  Go to it! 
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Category 14. Rare/unusual tubes 
Category 15. Open category (Any outstanding 
piece that doesn’t fit the first 14). 
 

B y way of clarification and added detail, 
we offer the following: 
In Categories 1, 2, and 3 all theme cate-

gories; the preferred candidate entries for Cate-
gory 1 will relate to the early broadcasts of 
KDKA, and on the types of equipment used both 
in the broadcast and among the likely listeners.  
That would be crystal sets and other receivers 
dating to no later than 1921, and used in the pe-
riod and general location, as KDKA’s early cov-
erage area in fall and winter evenings, 1921, 
reached out to Indiana on the west and into the 
Maryland, Pennsylvania, and Virginia eastern 
Appalachian piedmont regions, nearly to Phila-
delphia and Baltimore.  Category 2 is similar, but 
is restricted to Westinghouse-built or Westing-
house-used equipment of the period.  Category 3  
refers to the news and advertisements and gim-
micks that relate to those early broadcasts, and if 
they relate to Westinghouse as well, that’s a bo-
nus. Additional awards will be made for best res-
toration, items of great historical merit, overall 
judges’ choice, and people’s choice. 
 
Any questions about compatibility of your pro-
posed entry versus any OEC category titles 
should be directed promptly to this editor; e-mail 
address is on p.2.  Don’t wait ‘til June to call for 
help. 
 
Regarding the rest of the RadioActivity 2020 
meet, don’t forget the dates: June 4, 5, and 6, that 
being Thursday afternoon through Saturday af-
ternoon, with tail-gating starting Friday morning 
at sun-up.  There will be four great seminars, 
which we will describe in enticing detail in the 
next three issues of this journal. Thursday eve-
ning has an estate auction planned, and the main 
auction is, as usual, on Saturday, with consign-
ment deadline of 10:30 AM.  An informal walk-
around auction is planned for outdoors in the 
trader’s market Saturday in the mid-morning.  
See y’all then.   
  

MAARC hereby announces that the coffee-table 
book shown above in going into publication at 
this time, and will be for sale to MAARC and 
NCRT Museum members essentially at cost, and 
will be offered to the usual radio collectors’ 
booksellers at a very modest cost, so that they 
can satisfy their customers and make a little to 
boot. 
 
The book is an orderly compilation of all the in-
stallments written over the years by Alan 
Roycroft and published in both generations of 
Radio Age.  It makes fascinating reading as it 
covers the trials, tribulations and sometimes hi-
larious victories as Roycroft grows into a sea-
soned all-round radio and machinery technician, 
janitor, expert, and philosopher in a small town.  
The many written installments were carefully 
integrated by Brian Belanger, with proofing by 
Randy Warren.  It’s a gem to read anytime, but 
especially on winter evenings in an easy-chair, 
with maybe a hot cocoa (or better). 

MAARC PUBLISHES ALAN 
ROYCROFT’S REAL LIFE DRAMA 

BOOK! 
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I t is not often that the history of a culture 
can be frozen for several generations, and 
then restarted and brought up to date inside 

a person’s lifetime.  We were surprised at the 
end of the Second World War to find that the 
Japanese had mastered the principles of electron 
motion in crossed electromagnetic fields to the 
extent that they had, indeed, invented the cavity 
microwave magnetron a couple years before the 
British/Australian scientists did the same at Ox-
ford in 1939.  Our postwar studies of Japanese 
scientific capabilities revealed that their entire 
experience with anything electrical or mechani-
cal had to have started in 1854, after Commo-
dore Perry’s visits, which were aimed at opening 
that country’s portals to the rest of the civilized 
world, portals that had been closed absolutely, 
since 1639. 
 
In that year, 1854, on Perry’s second visit he 
brought a fancy decorated set of Morse telegraph 
gear to the Tokugawa Shogun as a present and a 
signal to the Japanese that they had been missing 
out on some critical needs, especially in commu-
nications.. A year later the Dutch also visited and 
brought a second set of similar telegraph gear, 
but had found that the Japanese had duplicated 
Perry’s set several times, to be able to send mes-
sages between Tokyo and several sites to the east 
and northeast of Tokyo.   Nobody seemed too 
surprised at the time, but it seems almost magi-
cal that the Japanese scientists, untrained for at 
least three generations of science, could have 
done that, especially since they had also to con-
vert their pictographic written language into 48 
Kana characters along the way, just to make 
Morse code manageable.   
 
In that first year or two after Perry’s second 
visit, many selected young Japanese citizens 
were sent to Europe for schooling, and they 
wasted no time on the humanities or sociology, 
but got right down to the sciences of mechanics, 

electricity, and chemistry.  It was like Perry had 
opened the door for aliens from another planet 
to show the local citizens how it was outside 
their “earth.”  By 1904, the Japanese Navy had 
built fast warships and had outfitted them with 
wireless equipment that rivaled any Marconi 
equivalent, which had been the pattern for the 
home-brew equipment in those ships.  That ra-
dio gear enabled the Japanese Navy to annihi-
late the entire Russian fleet that year, through 
radio-directed swarming attacks against the un-
coordinated Russian ship movements. 
 
So it’s perhaps ironic that when, during the Sec-
ond World War, Japanese electromagnetism sci-
entists, like Ito, Yagi, and Okabe, traveled to 
Berlin to inform the Germans of their micro-
wave magnetron experiments, their military at-
tendants, all Japanese military officers, quashed 
all such notions.  The officers ordered the scien-
tists to keep quiet, listen, and learn from the 
Germans how to make radars work, for the 
Europeans were the teachers while the Japanese 
were the students.   

OBITUARY 
 

We learned recently that another MAARC 
member has passed on. 

Charter member Don Hunter died  in No-
vember 2019, we’re sorry to say.  We wish 
his family and friends well, and offer our 

sympathy and support. 

SIDEBAR - 
TECHNOLOGICAL QUANTUM LEAPS 

HOW THEY HAPPEN 
BY ED LYON 

Left: VE301 3-tube 
Volksempfanger; 
Above: Japanese  
“Boy’s Radio”, 2 
transistors, 1-X-3 
X 5 inches size. 
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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 
 
For Sale: 
 Photocopies of DOD publication 
on tube tester Models I-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
I-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 
 
 

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

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

WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
 Thanks -- 
John Okolowicz, (215) 542-1597, 
john@grillecloth.com.  
 
For Sale: Manufactured vintage 
radio furniture combinations: 
breakfront, chairside, revolving 
drum table, lamp. Home furnish-
ing investments you and your  
spouse will be proud of. Gerald 
Schneider, 3101 Blueford Road, 
Kensington, MD 20985-2726, 
Phone:(301) 929-8593. 
 
Wanted:  Information on coils 
found at a swap meet.  What radio 
did this set of 4-band, front-end 
coils come from?    Antenna, RF, 
and Oscillator coils marked 8F80, 
8F81, and 8F82 respectively. See 
attached photo. .  I've had no luck 
searching Beitman's and Rider's 
manuals. Mike  
Bittner, W6MAB; mmab@cox.net 

 
 

Sale: 
I have been making solid state bal-
lasts for the past 8 months now. Built 
on a glass epoxy circuit board and 
built into a JFD ventilated metal bal-
last housing. Pilot light(s) protected 
from in-rush current with Zener Di-
odes. Have versions available for 
common 4, 5 and 6 tube circuits. See 
basic write up on my web site page: 
www.oldradioparts.com 
Click on Radio Parts then click on 
ballast tubes.  Gary Schneider 
[e-mailto:gbsptop@aol.com] 
 
 
Wanted:  Any info on Hickok TS 
or Stark Teaching Systems (TS) 
Model 435 Low Voltage Power 
Supply.  Thanks. 
M a r v i n  M o s s 
<mmoss@mindspring.com> 
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MAARC Your Calendar! 
 

Sun., Jan.19 RadioFrostFest, at the National Electronics Museum, 
Linthicum, MD, map and details of this event in 
December issue. Also heck your MAARC News e-mails 
from John Begg in case of bad-weather cancellation! 

 

Sun., Feb. 16 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions.  Tailgating at 10:30, 
meeting at 1:00 pm. This is the annual SUPER SHOW-’N’-
TELL meet.  Bring something amazing to display and 
describe.  Show-’n’-Ask is always welcomed. 

 

Sun., Mar. 15 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions.  Tailgating at 10:30, 
meeting at 1:00 pm. Display table: Belmont radios, 
Presentation: TBD 

 

Sun., Apr. 19 MAARC meeting at Sully Station Community Center, VA. 
Map on p. 15; Tailgating 11:30, meeting 1:00 pm; Display 
Table: Bakelite post-WW2 table model, with SW band, 
Presentation:  TBD 

Presort Standard 
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Frederick, MD 

Mid-Atlantic Antique Radio Club 
c/o Geoff Shearer 
14408 Brookmere Dr. 
Centreville, VA  20120-4107  


