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Adventures of a Crystal Detector 

BY ED LYON 

Every time the researchers at Bell Labs, Purdue University, or the MIT Radiation Lab tried 
to improve the crystal detector, in the period from 1940 to 1945, they stumbled across 
phenomena that characterized the yet-uninvented transistor — and then they backed off, to 
get back to the task at hand, perfecting radar receivers, so as to defeat Hitler and the 
Japanese 

M ention crystal detectors and the average radio 
enthusiast thinks galena, cat's whiskers, and 

radios of the 1920s. And although this story starts out 
with those concepts, its main focus is on crystal 

detectors of the 1940s. 

In the early days of 
radio, the largest 
problem was how to 
detect the reception of a 
signal. Generating sig-
nals in transmitters was 
simple: make a spark 
anywhere in a tuned 
circuit with an antenna 
connected, and you've 
transmitted a signal. But 
to know that the signal 
was sent, you have to 
detect it. Many of the 
earliest detectors, like 
coherers and barretters, 

operated on heating principles, requiring the radio 
signal intercepted by the antenna to be strong enough 
to cause measurable heating of the sensitive element 
of the detector. They certainly were not very sensitive 
as detectors. The crystal, however, changed all that. 

Nobody was sure 
just how they 
worked, but the 
crystal seemed to 
rectify the incoming 
radio signal, 
allowing its 
modulation to 
actuate an earphone, 
or, in later radios, an 
audio amplifier. 
Typical of the crystal 
detectors of the early 
1920s is that shown 
in Fig. 1, on the top 
of a tiny Howe 
receiver. 
(Continued on page 3) 
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Figure 1. Howe receiver with galena detector. 
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Back issues of Radio Age : 
See back issue notice in next 
column. 

Schematic Service Data Pack-
ages: MAARC has donated its 
service library to the Radio 
History Society's Radio-
Television Museum. RHS is 
providing schematics to MAARC 
members at reasonable prices. 
Check the Classified page for 
details. 
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ABOUT MAARC and RADIO AGE. Radio Age became 
the monthly newsletter of the Mid-Atlantic Antique Radio 

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

Subscription to Radio Age begins with the next available issue 
after the membership application and dues are received. Dues 
are US $20 per year in the US, Canada, and Mexico, and US $35 
elsewhere, payable in US dollars. Two-year, three-year, and life 
memberships are available; contact the Membership Chair (see 
column at left). All checks are payable to MAARC and, for new 
members, must accompany the membership application, which 
is available from the Membership Chair or the MAARC website 
(www.maarc.org). If you change your mailing address, email, or 
phone number, please notify the Membership Chair immediately 
so corrections can be made to MAARC's membership roster and 
Radio Age mailing lists. The Post Office will not forward your 
newsletters. 

Back issues of the MAARC Newsletter from Vol. I, No. 1 
(August 1984) and most issues of Radio Age from Vol. 1, No. 1 
(October 1975) are available for $2.50 each postpaid from the 
Membership Chair. Make checks payable to MAARC. 

Submissions to Radio Age are welcomed. Typewritten copy is 
preferred to handwritten. Articles should be submitted in PC 
format via email or on a 3.5-inch diskette in ASCII (such as 
WordPad), MS Word (Windows), RTF, or Word Perfect format, 
without fancy formatting, because the editors will have to 
modify it anyway. Photographs, if hardcopy, should be high 
quality black and white or color. Softcopy graphics files should 
be in TIFF or JPEG formats; contact the editors for further 
guidance. Send your submission to either editor and include 
your name, address, phone, and email. 

MAARC MONTHLY MEETINGS. Unless otherwise 
announced, MAARC monthly meetings are held at the Seventh 
Day Adventist Church gymnasium in Burtonsville, Maryland. 
Consult "MAARC Your Calendar!" in this issue for dates and 
times. Park in the lot behind the church but do not block the fire 
line to the rear parking lot. Entrance to the meeting is through 
the gymnasium door. 
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To 1-495 

New Hope Seventh Day Adventist Church 
15121 McKnew Road 
Burtonsville, Maryland 
(McKnew Road is 1.5 miles west of I-95 
and 3/4 mile east of U.S. 29.) 
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(Continued from page 1) 

Some crystals were more sensitive than others, but the 
most sensitive, galena, required the delicate touch of a 
cat's whisker, usually made of very fine bronze or 
brass wire. As a result, the careful adjustment of the 
wire on the crystal often got jarred out of position, 
stopping reception. What was worse was that first 
tune-in of the day, when there was no way of knowing 
whether the cat's whisker was set to the right position 
on the crystal, because you hadn't yet tuned anything 
in. There was a chicken-and-egg problem at that 
point: without the cat's whisker being in the right 
position, there was no way you could know where to 
set the tuner, and unless the tuner was set to an actual 
broadcast that was on-the-air, it didn't help to fiddle 
with the cat's whisker. 

That's where buzzers came in. Some time during the 
1910-1920 decade, someone discovered that the tiny 
spark occurring at the interrupter contact of a doorbell 
buzzer made enough broadband radio signal power 
that a nearby crystal set could pick up the 
unmistakable buzz, anywhere and everywhere on the 
band. So a buzzer, with its battery and push-button 
switch, was added to the better crystal sets. Then, 
pressing the button to energize the buzzer while the 
cat's whisker was adjusted allowed setting the cat's 
whisker to the best "sweet spot" available. Then, 
releasing the buzzer switch and taking care not to 
touch the cat's whisker again allowed tuning-in, just 
like in a real radio. 

Then vacuum tubes came along, and until the triode 
amplifier tube was developed, vacuum tube diodes as 
crystal replacements were a real disappointment. The 
vacuum diode was clearly not as sensitive as a good 
galena detector, but deForest's triode impelled others 
to develop amplifier tubes of good performance, and 
when hooked up as regenerative detectors, they 
combined extraordinary sensitivity with reasonable 
ruggedness. But then operating frequencies for radio 
communications and control systems moved upward, 
ever upward. By 1940, experimenters at places like 
Westinghouse were trying multichannel 
communications circuits using microwaves in the 
3000 MHz region of the radio spectrum. Scientists at 
the Naval Research Laboratory were struggling with a 
concept of radar, operating at a few hundreds of MHz, 
and, by 1939, both British and Japanese researchers 
had built multicavity magnetrons at 3000 MHz, 
starting a massive effort toward making high-powered, 
imaging radars. The wavelength of these radar waves, 
10 centimeters, is short enough that radar systems like 
Britain's H2S (Home, Sweet Home) that used these 

magnetrons could "paint" crude, but recognizable, 
pictures of cities from aircraft flying 25,000 feet above 
them. This enabled Britain's RAF to bomb German 
cities at night, and in foul weather. 

The difficulty in designing good radar sets in the war 
was no longer in the generation of powerful 
microwave pulses — the magnetron saw to that — it was 
making the receiver sensitive enough to detect the 
feeble echoes elicited by the magnetron's big pulses of 
energy. Several possible receiver strategies were tried. 
As long as the radar operating frequency was down in 
the hundreds of MHz, clever engineers could get 
special vacuum tube triodes to work, but once the 
radars began using the new magnetrons, working up in 
the 3000-10,000 MHz area, triodes didn't work well 
any longer. 

Raytheon, one of the biggest radar producers in the 
current time, built their very first radar during the war, 
and it used a 3000 MHz magnetron for transmitting, 
and a superhet receiver with a miserable vacuum diode 
as its mixer stage. Ships on which this radar was 
mounted often found that they could improve the 
performance by lowering the radar antenna down from 
its original perch atop the foremast to some lower 
location, even though this was contrary to the common 
wisdom that the higher the antenna the longer the 
possible detection range. The reason the lowered 
height worked better was that this shortened the 
feedline from radar transmitter to antenna and 
simultaneously shortened the feedline from antenna to 
receiver. Both of these actions helped improve the 
radar by reducing losses in the feedline. The receiver 
had a first detector with a noise figure of the order of 
17 dB. 
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Radio Age • Antral:3' 2003 Happy New Year page 3 



What that means is that the diode introduced noise in 
the receiver that was 50 times (i.e., 17 dB) higher than 
that of an ideal receiver. Ordinary UHF radars of the 
day had front-ends that offered noise figures of 
perhaps 7 or 8 dB, ten times more quiet. Raytheon's 
radar could have enjoyed its original mast-top position 
and improved sensitivity had Raytheon been able to 
find a better detector (say, one as good as the best 
UHF detectors) than the one they had to use. Later 
models of this radar used a crystal detector, instead, 
with slight improvement. But why use a crystal, after 
all the vacuum tube research and development that had 
gone on since the 1930s? Wasn't this retrograde? 
Here's how that came about. 

As the operating frequency of radar systems climbed 
upward, in an attempt to approach the ultimate - 
making radar as discerning as human vision - 
scientists began to "run out of gas" in vacuum tubes of 
the ordinary types. The ordinary vacuum tube had to 
pass electrons from the cathode to the anode or plate, 
and for some tubes, interpose a grid or two or three. 
All this increased the time it took for electrons to get 
from cathode to plate, and this transit time began to 
rival the time for one full cycle of the radar waveform. 
Reducing the distance between cathode and plate 
helped, but then hindered, as it increased the capaci-
tance between these elements, tending to short-circuit 
the microwave energy they were trying to amplify (or 
generate or detect). Other vacuum tube principles were 
needed. Okabe in Japan and Oliphant in Britain had 
already discovered the multicavity magnetron, and the 
Varian brothers in California had perfected the 
klystron, but both of these devices were oscillation 
generators, and not detectors. 

What seemed to work, at least up to perhaps 1000 
MHz, was the careful integration of the vacuum tube 
with the RF tuned circuit. The GE development of the 
lighthouse tube, a typical example of which is shown 
in Fig. 2, allowed integrating a triode tube into a 
coaxial transmission line, thus providing either an 
amplifier or oscillator or mixer, depending on the 
connections to the line that was formed. Fig. 3 shows a 
sketch of a 700-MHz radar "front-end," with 
lighthouse tubes as RF amplifier, mixer, and local 
oscillator. This tube-cum-transmission-line arrange-
ment began to break down for frequencies much above 
1000 MHz because the triode quit acting like a simple 
extension of the transmission line, and this was 
primarily because of the tube's electron transit time. 
At some point in radar receiver research, a silicon 
crystal detector was tried as a microwave detector. 
The geometry tried was a pointed "cat's whisker" 
electrode poked into a thin sliver of pure silicon, the 
whole thing arranged as a termination of a coaxial 
transmission line. The metal base of the silicon crystal 
slab was capacitively coupled to the transmission line 
shield, but was insulated from it by a thin mica sheet, 
so that the detected output could be taken from the 
metal silicon base. 

It worked, at least qualitatively. Refinement was 
needed, and earnest research ensued. Pure silicon 
crystals and ingots were able to be produced by 
duPont and a battery manufacturer, Eagle-Pitcher. But 
it was found that introducing traces of impurities into 
the molten silicon created crystals with the impurity 
atoms in selected positions among the silicon atoms 
latticed in the crystal, and these improved the detector. 
A theory of how these detectors worked was slowly 
becoming apparent, but was understood by only a few 
of the scientists (who were inventing a new science, 
Theory of the Solid State). It involved the movement 
of electrons and anti-electrons (or holes) through a 
thin layer of silicon atoms by virtue of the attraction of 
a nearby anode or impurity. These solid-state 
scientists could finally explain how crystals detected 
(rectified) at all, something that had eluded radiomen 
for almost 50 years. They developed a clear measure 
of crystal detector quality in terms of a "figure of 
merit." This was related to the forward conductivity, 
the back resistance and breakdown voltage, and the 
noise figure as a detector. 

The impurities were found to be essential, and without 
them, the silicon worked only when some of the cat's 
whisker metal had actually migrated into the silicon 
crystal, adding itself as an impurity. Indeed, at one 
point, the radar detector scientists found that 
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Figure 3. Three modules comprising a 700-MHz radar receiver front-end, all using lighthouse tubes. 

increasing the current through the contact between a 
cat's whisker and a silicon wafer beyond a certain 
point actually welded the cat's whisker to the silicon. 
Diodes made of these welded junctions, when 
"poisoned" with certain impurities (tin worked well), 
could be made to detect with varying figures of merit 
depending on the brightness of a spot of light played 
on the junction, or on the presence of another probe 
touching the silicon very close to the junction. 
(Sounds like a phototransistor or junction transistor to 
me.) Doped with other impurities, some silicon crystal 
diodes, as they were called, were found to have a 
strange breakdown to voltages impressed in the 
reverse (normally non-conducting) direction. The 
breakdown was sudden, but maintained the reverse 
voltage with remarkable stability, as long as the crystal 
wasn't overloaded causing heat and eventual 
destruction. (An early zener diode?) All of this 
research was aimed at making the crystal detectors 
more rugged and able to withstand the leakage of 
pulses of the radar transmitter, yet maintain the figure 
of merit needed to make a sensitive radar receiver. 

M. C. Waltz, one of the radar researchers working 
with welded junction silicon crystal diodes, found that 

as a mixer the crystal could be made to exhibit strange 
behavior when excited by a properly tuned 3000 MHz 
local oscillator. The strange behavior was "negative" 
resistance at the output (I-F) frequency. What this 
means is that the output current increased as the input 
voltage decreased, and vice versa. This device could 
have infinite gain, as a result. Fig. 4, taken from a 
1944 MIT Radiation Lab notebook, shows this current 
plot. Here, curve D shows the negative resistance 

Figure 4. Current vs. voltage, crystal detector. 
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slope, occurring for the case when the crystal is 
welded and has 3000 MHz local oscillator excitation. 
Curve C occurs for other excitation tuning or 
frequencies, like 10,000 MHz, and the other curves, A 
and B, are for ordinary unwelded crystals. (The first 
maser?) 

One of the geometries finalized by the radar 
researchers was a small concentric ceramic-and-gold-
plated cartridge that could be slipped into a coaxial 
holder, like the arrangement shown in Fig. 5. This 
shows a 1N32 detector diode between the threaded 
coaxial housing parts. These silicon (and germanium, 
in some instances) crystal diodes were perfected for 
specific frequency bands used by radar systems. each 

optimized in figure of merit for a specific band. The 
1N21 series, for example, was made for 3000-MHz 
"S-band" radars, while the 1N23 series was optimized 
for "X-band" ( 10,000 MHz). Noise figures as low as 
10 dB were the result, nearly as good as the best 
vacuum tubes operating at their own optimum fre-
quencies, down around 500 MHz. 

The story of the wartime development of crystal 
detectors for radar was penned in the waning months 
of the war, continued for a year or two, and was then 
committed to textbooks. If those scientist/authors had 
waited until after Shockley and Bardeen had captured 
the transistor patent, their books might have taken a 
different slant, possibly emphasizing how close they 
came to inventing the transistor, themselves. But they 
wrote their story long before Shockley's work, and so 
their writings (in the MIT Radiation Laboratory 
Series, for example) are replete with descriptions of all 
the "dead-end trails" they blazed as they experimented 
tantalizingly close to the invention of masers, 
transistors, optical diodes and transistors, zener 
diodes, and integrated circuits. But these fertile fields 
were all considered sidetracks on the main road — the 
perfection of radar to help win the war. 

More reading on this matter is in Crystal Rectifiers, by 
Torrey and Whitmer, this being Vol. 15 of the MIT 
Radiation Laboratory Series. And there's more in Vol. 
16, as well. 

For the Record 

At the November MAARC meeting Frank Esposito spoke on radio repairing, with an emphasis on capacitors. As 
a result, MAARC's capacitor sales for the month were much higher than usual. [Thanks, Frank!] 70 people at-
tended the event. 

The auction was rather large. Willie Sessoms' ever-popular "Show and Tell" session was held as usual and pro-
duced several interesting display items including some nice Arcturus blue tubes and a couple of fine old battery 
sets. Geoff Shearer brought a kit-type battery set using those rare glass-encased vacuum-tube type IF transform-
ers. (A recent Radio Age article on Lacault superhets mentioned these transformers.) Here are the statistics for 
the meet: Tube sales, $ 100; Capacitor sales, $ 176.75; Food donation, $ 17.10; Auction commissions, $59.20, and 
auction donations, $61. 

The December MAARC meeting was held on the 15th, usual venue. It was our first nice sunny day in two 
weeks, so the flea market was busy. Attendance was up a tad, as well, with 74 members and guests present. 
Two guests introduced themselves, and one, Phil Bochicchio, was found to be one of the few surviving persons 
who built the American Enigma-breaking bombes (see November 2002 issue). He talked of how Enigma solu-
tions helped win the war. A lively Show-'n'-Tell (plus Jim Wilson's Show-'n'-Ask) followed, and Brian 
Belanger presented an NPR audio recording of the background of "Radio Row," Cortlandt Street, in New York, 
destroyed to make room for the World Trade Center. Income, this meeting: Tube sales, $ 111; Capacitor sales, 
$??; Auction commissions and donations, $28; Lynne Bushong's table, $ 18. 
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Wide-Shadow-Angle Tuning Indicator Tubes 
by Ed Lyon 

Hey, how would you like to see eyes pop when you fire up that 1938 all-wave set and tune in a strong station, 
with the 6G5 "eye" tube flicking through a full 180-degree shadow angle? Read on, to see how you can make 

your 6G5/6E5 act like the rare Canadian 6X6. 

Just mentioning the 6X6 tube a few months ago in 
this journal brought in a pile of e-mail and snail 

mail from interested readers. Many of them had never 
heard of the 6X6 tube, and one fellow from Australia 
remarked that he was about to make a presentation to 
their radio club on tuning indicator tubes, or eye tubes, 
and thought he should at least mention the 6X6. He, 
too, hadn't considered the 6X6 until Radio Age noted 
it, but he needed more information on the tube. The 
6X6, or, more exactly, 6X6G, is an octal tuning-eye 
tube that was popular only in Canada, and was used in 
many Rogers-Majestic and deForest radios. Aside 
from it being octal-based, unlike our 6-pin 6G5/6E5, it 
differs from these tubes in another important respect: 
it displays a shadow whose angle can be controlled 
from zero degrees to nearly 180 degrees in width. (The 
6G5 shadow can be controlled over about 90 degrees.) 

For those who didn't read (or remember) the short 
squib in these pages a couple months ago, I mentioned 
that Lud Sibley's Tube Collectors Association had 
finally got the tube right. For many years, the tube 
manuals, when they mentioned the 6X6 at all, had the 
pinout wrong and the schematic diagram of the 
innards wrong, as well. Even the foreign tube 
manuals, like Brans' Vade Mecum, May's Radio Valve 
Guide, and the Cossor and Mullard manuals, described 
the 6X6 as being virtually the same as the American 
6E5/6U5/6G5 version, except with an octal base. 

My Radio Age note indicated that in 1937 RCA had 
run across a way of getting far more than 90 degrees 
shadow deflection from a 6E5 or 6G5 by separating 
the amplifier tube portion of the tube from the 
"cathode-ray tube" part, and that's what the 6X6 does, 
internally. My question for the Radio Age public was, 
"Which came first, the RCA circuit or the 6X6 
design?" Still no answer to that, so we don't know if 
Rogers-Majestic or RCA came up with the scheme 

first. 

Digging into the Canadian technical reference data 
manual for Rogers-Majestic and deForest radios 
showed that there were some 20 to 25 radios that used 
the 6X6, and throughout the book, the schematic for 
the 6X6 was consistent. It is equivalent to the 
schematic in Fig. 1. The biggest difference between 

the 6G5 and this 6X6 is the latter's separate cathode 
for the cathode-ray section, relative to the triode 
amplifier section. This allows the triode's plate to 
operate over a wide range of voltages, even negative, 
with respect to the indicator's cathode. By setting the 
cathode-ray section of the tube at a middle voltage 
(125 volts target-to-cathode) the beam-control 
electrode can be swung through a full 125 to 150 

volts, taking the shadow from full closed to wide 
open, nearly 180 degrees swing. 

But the query from Australia got me thinking that 
maybe some alert readers might want to try the circuit 
to see what dramatic difference it makes in the 
appearance of a conventional 6G5/6E5 eye tube in a 
radio. All it takes is room for an additional tube. 
Now, actually, this tube can be anything from a full-
scale octal to a subminiature (the latter wired directly 
into the circuit permanently). If you have a Midwest 
radio that you want to try the circuit in, you're in like 
Flynn; Midwests usually have about 30 or 40 extra 
tubes anyway. Just kidding; please, no hate mail from 

Midwest fans. 

The original RCA circuit, taken from a Radio World 
article published in February 1938 (but previously in a 
1937 RCA Review), is shown the figure. RCA used a 
type 76 tube as the amplifier for the eye tube. Notice 
that in the RCA circuit the built-in triode in the 
6G5/6E5 is completely abandoned. Its grid is biased 
well beyond cutoff (at —125 volts with respect to the 
cathode), so that no plate current flows. The only part 
of the 6G5/6E5 that is active in the circuit is the 
cathode-ray part. And that part is operated on half-
voltage, namely 125 volts from target anode (the part 
that glows) to cathode. The abandoned triode is 
replaced, electrically, by the separate type 76, in a 
circuit that lets the 6E5 deflection electrode assume 
voltages from well below that of the cathode to well 
above it. The native 6E5 cannot do that. 

Now, if you want to try this circuit, note that the old 
76 is similar to the not-quite-so-old 6P5, and you 
could make a 6J5 or 6C5 do just as well. If you prefer 

miniature tubes, try a 6C4, and if you want to hide the 
whole circuit (tube and all) in the under-chassis wiring 
or in the wire bundle that goes to the 6G5 eye tube, 
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180-DEGREE 
SHADOW ANGLE 
For Ray Indicator Tubes 
Accomplished with New Circuit 
e T is possible to increase the shadow-angle 

sensitivity of the 6E5, 6G5, or 6U5 as a 
tuning indicator by increasing the maximum 
shadow angle from the usual value of 90 de-
grees to approximately 180 degrees. This im-
provement is obtained by using a separate triode 
in a new circuit to control the action of the 
ray-control electrode in the tuning-indicator 
tube. The cost of using this new circuit is only 
little more than the cost of the additional tube. 
The circuit for obtaining wide-angle tuning 

is shown in the accompanying diagram. When 
a high negative bias is applied to T1, the 
plate current of Ti is nearly zero and the 
voltage drop across R is nearly zero. Under 
this condition, the shadow angle is zero. When 
the grid of T1 is at zero potential, the plate 
current of Ti is high and the potential of point 
(a) is nearly —125 volts with respect to the 
cathode of the 6F.5, 6G5, or 6125. 

CURVE WITH 76 
The shadow angle under these conditions is 

approximately 180 degrees. In the usual cir-
cuit, the maximum shadow angle is only 90 
degrees because the potential of the ray-control 
electrode (a) does not become negative with 
respect to cathode. 
The accompanying curve shows the relation 

between shadow angle and control voltage when 
TI is a type 76. Other tube types may be 
used in place of the 76; the shadow-angle char 
acteristic with the 76 is shown merely to illus-
trate the performance of the circuit. For ex-
ample, when T1 is a 6K5, the cut-off voltage 
is approximately-12 volts; when T1 is a 6K7, 
the cut-off voltage is approximately-40 volts, 
provided the suppressor is connected to control 
grid and screen voltage is obtained from the 
250-volt source through a 5 -meg-ohm resistor. 

DEFINITION OF SHADOW 
A well-defined shadow angle is not obtained 

over the entire range of 180 degrees. The edges 
of the pattern are sharp for shadow angles 
from 0 to approximately 150 degrees; from 150 
degrees to 180 degrees, the edges of the pattern 
are not sharp. However, by reducing the po-
tential of point (b) with respect to ground, 
the maximum shadow angle is reduced and the 
edges of the pattern are sharp over the entire 
range. A suitable compromise can be made 

OPERATION OF THE 6E5, 605, 

1 
OR 6U5 

11 
IRCUIT FOR WIDE-ANGLE TUNING 

o I MEG. 

TYPE 6E5, 
665) OR 15LIS 

+250 

CI 

Su  
rt. 

+ R2 = 16700 OHMS 

t t 
CONTROL CHARACTERISTIC 
WHEN T1 IS A TYPE 76 

• 

V. 

125 V. 

—  

• 

1 
1 

n.h hi 
I; 

!ff  
bit 

- 6 - 2 - e -4 
CONTROL VOLTS ( ECI) 

1-41 `4 
uzibi> 

à,0 

Operation of a ray indicator tube on approxi-

mately I 80 degree deflection instead of 90 degrees 

is accomplished by the circuit shown. The curve 

is given also, shadow angle degrees versus con-

trol volts. 

easily. In order to stabilize the potential of 
point ( b), it is suggested that the bleeder cur-
rent through RI be approximately 15 milliam-
peres. 
Copyright, 1937 by RCA Manufacturing Co., Inc. 

Figure 1. The article from Radio World (and RCA Review, earlier). 
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Figure 2. Photos of my 6E5 with a 6K5 triode helping it along. As you can see, I got over 150 degrees 
of shadow action. 

you can use a sub-miniature 5975. We're assuming, 
here, that the radio you are targeting is NOT an ac-dc 
beast, but a good respectable power-transformer type, 
and can stand another mild tube load. I lashed up a 
circuit like they describe, and found that with 125 
volts across many 6E5s, the glow is a little dim. I 
raised it to 175 and got bright glows from six different 
6E5s. This requires adjusting the sizes of the two 
resistors making up the voltage divider setting the 
cathode voltage. In most of the Rogers-Majestic 
schematics using the 6X6, the resistors making up that 
voltage divider are about equal, about 15k, at 2 W 
each, and the B+ voltage is about 260 V. I found that 
being able to bring the deflection electrode down to 40 

volts negative, with respect to the cathode, was 
sufficient to increase the shadow angle to 150 degrees. 

You can get that amount of shadow angle change with 
a 6C5 or 6J5 triode, using the circuit shown in the 
Radio World article, but make R1 15k and R2 10k, 
both 2 watts. A 6K5 has a much sharper characteristic, 
and tuning in even a weak station will make the 
shadow flick wide open. Figure 2 shows the eye of my 
6E5 open about 150-160 degrees, and closed, the 
result of —5 volts AVC voltage and about zero volts, 
respectively, using a 6K5. And for those Canadian 
readers who cannot get 6X6s, here's a way to make a 
6E5 look like one. 

Recent Rarities on eBay 
by Ed Lyon 

The biggest auction in the world is going on right 
now, called eBay. Here you can bid on everything 
from patent medicines to automobiles to 40-acre es-
tates. Of course, collectibles rank quite high on 
eBay's list of items in the most active auctions. Ra-
dios fall in just two or three of the hundreds of cate-
gories in collectibles. These auctions are noteworthy 
for fetching exceedingly high prices for some com-
monplace items, and sometimes exceedingly low 
prices for rarities. Curiously, the only common factor 
in practically all eBay offerings is contained in the 
sellers' descriptions of the items: "... as I don't know 
annything whatsoever about raddio or apperatus, I 
cannot vouch for weather this thang works, whether it 
is genuwine, or even what it is..." In this way the 

sellers apparently all display some small amount of 
what they think is legal protection. 

Recently two fairly rare items came up on eBay. One 
was a panel radio much like the Amrad multi-panel 
sets or deForest interpanel radios. This one came 
from one of the Adamstown (Pennsylvania) antique 
shops, and during my recent visit there the owner let 
me see it, at least from an arm's length distance. It 
comprised six panels, of which one was a detector, 
two were audio stages, and the balance contained tun-
ing circuits, including a variometer. My guess is that 
it was a regenerative detector followed by audio 
stages. The manufacturer was A. W. Bowman, of 
Chelsea, Mass. From the look of the panels, it dates 
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Figure 1. Bowman panel radio, front. 

Figure 2. Bowman panel set, rear view. 

to about 1922-23, and used UX-200 and -201 tubes 
(not 201As). 

Fig. 1 shows the radio from the front side, and the way 
the panels attach together can be seen from the rear 
view, Fig. 2. This rear view also shows that the vario-
coupler and variable caps were not of outstanding 
quality, like General Radio units, but the rheostats sure 
look strange. They look like they are about three 
inches in diameter and turn only about 120 degrees. 
The cables used to plug the audio signal from stage to 
stage are unique, as well. Someone in the Boston area 
bought this rare panel set for $ 1000. 

The second rarity recently seen was an "Emerson AU-
190" in red, and the last bid seen before committing 
this to print was $ 1350. The radio was stated not to 
have an AU- 190 chassis, but from Fig. 3, it appears to 
have a dial and knobs that probably attach to some sort 
of contraption inside. But the case was stated to be 
impeccable. Bright red with whitish swirling or mot-
tling; matching knobs; no cracks, nicks, or discolora-
tions; and the finish was said to be highly polished. 

The final price may go as high as $2000, since it 
passed $ 1300 with two days of bidding to go. 

But this is not really an Emerson AU- 190 cabinet, but 
a replica, made by Kris Gimmy, of South Carolina. 
The seller of the radio case says that it is one of only 
four made by Kris, in this color. I believe Kris 
Gimmy uses a polyester resin in the manufacture of 
his replicas, and he uses silicone rubber molds, at least 
on some of them. From Fig. 4, it appears that Kris 
used an AU- 190 cabinet made by Marblette as his pat-
tern for the mold. Marblette's cabinets had the full 
bottom, while the original runs, made by Fiberloid, 
had the vent opening in the bottom, this void being 
only in the original Fiberloid arbor. 

The price of this replica bothered me until I realized 
that a replica deForest audion goes for about the same 
price, and is as rare. (Pix courtesy eBay sellers.) 
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Tube Tester Topics 

The Hickok 6000, How it works, How to Repair it and Maintain it 
By Ed Brady 

PART ONE of TWO PARTS 

Recently (about two months ago to be exact), I 
picked up a Hickok Model 6000 tube tester at a 

radio club tailgate. Normally I would not have given it 
a second look since I already have a Hickok 752A. 
But given the price it was hard to pass up. I further 
rationalized my purchase by concluding one should 
always have a spare and that the compact size of the 
6000 made it ideal for those quick tests I sometimes 
need to make on an over-crowded bench. 

Hickok introduced its 6000 in 1958 to keep pace with 
the skyrocketing demand for vacuum tubes brought 
about by the proliferation of the television set. The 
6000 series was unique in that it was a massive depar-
ture from the evolutionary approach Hickok used with 
all its previous tube tester introductions. The 6000 
series is based on the 600 series tube tester but is more 
compact, and some of the flexibility and sockets were 
removed. At this time semiconductor devices were 
still very expensive and used only in low power appli-
cations, but Hickok made sure this tester was ready to 
deal with this growing market segment by including 
the ability to test transistors and diodes. Another 
unique aspect of the 6000 series was its use of a re-
movable tube socket adapter. This adapter gave 
Hickok a marketing edge over its competition. The 
6000 would never become obsolete. With the use of 
the socket adapter, the 6000 could be upgraded to ac-
commodate any new tube configuration. Through the 
use of this adapter, the 6000 could be configured to 
test older pre-WWII 
tubes, foreign tubes, 
special purpose tubes 
and even the newer Nu-
vistor, Novar and Corn-
pactron tubes. An added 
bonus of the adapter 
was that it made replac-
ing worn out sockets 
easier and less expen-
sive. 

The 6000 series was 
produced from 1958 to 
1969 and came in four 
different versions, the 
6000, 6000A, 6000B, 
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Figure 1. A view of the Hickok 6000 panel. 

and 6005 (with VOM). The most common of these 
appears to be the 6000 and 6000A. The 6000 has 
sockets for 4-pin up to 9-pin mini. The 6000A does 
not have 4-, 5-, or 7-pin older sockets, but it does have 
the 9- and 12-pin sockets for testing Nuvistor, Novar 
and Compactron tubes. The 6000A replaced the 6000 
around 1963 and I have to assume this caused a few 
problems among buyers. Since the 6000A does not 
have sockets for 4-, 5- and 7-pin sockets it cannot test 
older tubes. As a matter of fact it cannot even test its 
own tubes, the 83 or 5Y3. This was a big issue if you 
were trying to repair a pre 1950's radio. Hickok re-
sponded to this by offering the RSP-4 socket module, 
which allowed testing of the early tubes. Some of the 
information on the Hickok 6000 indicates that at some 
point after its introduction, Hickok revised its selling 
policy for the 6000A by giving the customer the op-
tion of purchasing the 6000A with its standard module 
or the RSP-4 module. I have not been able to verify if 
this is true or not. 

If you are in the market for a Hickok 6000 series tube 
tester, it is important to keep these variations in mind 
because most of the models that show up for sale are 
the 6000A without the RSP-4 adapter. This tube tester 
will not test the tubes that most of us old radio collec-
tors are interested in. 

Tests Offered by the Hickok 6000 Tube Tester 

Tube testers offer a combination of 5 basic tests to 
indicate the condition of the tubes it tests. These in-

clude a "shorts" test, 
an emission test, a 
transconductance 
test, a gas test and a 
filament current test. 
The Hickok 6000 
provides 3 of these 
functions: a "shorts" 
test, a transconduc-
tance test and a gas 
test. To deal with the 
rapidly growing 
semiconductor mar-
ket, the 6000 line 
also provides a test 
mode for transistors, 

(Continued on page 12) 
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1. Have you priced a high-end audio out-
put tube recently? Fairly recent eBa) 
prices fetched for Western Electric 300As 
or 300Bs run to several hundred bucks per 
pair. The Svetlana reproductions are much 
cheaper, but lack the cachet altogether. 
Check out this picture (sorry about the 

lousy moire pattern!), taken from a Bell Labs 
article back in 1938, when the WE 300A first 

appeared on the market. It shows about 350 of those 
precious beasts being run to death in a "life test." I 
figure there are about $20,000 worth of tubes being 
destroyed here, at today's prices. 

2. Geoff Shearer found three wonderful examples of 
radios marketed by Radio Instrument Company 
(RICo), of Washington, DC, all based on a patent by P. 
D. Lowell, founder of the company. The patent date is 
December 19, 1922 (filed 9-9-'21). Believe it or not, 
the patent is for a multi-stage RF amplifier for a radio 
in which the interstage transformers are easily plugged 
into little stanchions. The transformers are pre-tuned 
to cover a small part of the broadcast band (at that 
time there were only two broadcast frequencies), and 
the patent claims that this plug-in transformer scheme 
is far more convenient than twisting tuning dials. 

Sounds more like a way to avoid interference with 
someone else's patent on tuning dials. The three ra-
dios Geoff found were each unique in the tube lineup 
and RF transformer types. One had double-sided stan-
chions so you could plug in one of the patented RF 
transformers on one side of each stanchion, and a 
Myers RAC-3 tube on the other side. 

The patent had a radio schematic in it, shown here, 
complete with a drawing of the version of the stan-
chion using Myers tubes: 

Illustrations from Bell Telephone LaForatorles 

3. Long-time MAARC member Richard Altig (PO 
Box 47, Farmersville, IL 62533; ph: 217-227-4163) 
needs to find out more about Sangamo's excursion 
into radio. The radio business seems to have grown 
out of Sangamo's exploitation of work by Pressley, the 
ex-Signal Corps radioman. Anyone out there with 
info that Richard can use might find yourself in print, 

if Richard can get enough data 
together for a Radio Age article. 
He worked at Sangamo for about 
30 years, and found that his em-
ployer had made a run at the radio 
or radio-kit business back in 1924, 
until they were paid a visit by a 
gaggle of RCA serpents. Call or 
write Richard at the address above, 
if you have any info. Thanks. 
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Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

Auction Notice: The Radio 
History Society's Radio-Televi-
sion Museum has announced that 
the Nye Estate Auction - Part 2 
will be held at the Davidsonville 
Recreation Center on Sunday, 
March 30. (Same location as the 
first Nye Estate Auction; where 
MAARC holds its fall mini-
meets.) This auction picks up 
where we left off, with consoles, 
wood 1930s table models, 1940s 
Bakelites, test gear, and more. 
Details in February Radio Age. 

Services: We find anything radio. 
(What are you looking for?) We 
aggressively service want lists. 
Many satisfied customers. We can 
act as your agent for inspection 
and purchase of your next high-
end radio at a distant event. We 
can execute your bids at major 
auctions anywhere (discreetly). 
We liquidate estates and 
collections (big or small). We are 
experienced insurance and estate 
appraisers. References available. 
We will evaluate, document, and 
photograph your collection or 
estate and provide you with soft-
and hard-copy spread sheets and a 
comprehensive written report. Our 
product satisfies all insurance 
company and IRS requirements. 
Ask to see our qualifications 
statement. Satisfaction always 
guaranteed. Time Out of Mind 
Radio and Time Out of Mind 
Radio Appraisers. Paul Farmer, 
PO Box 352, Washington, VA 
22747-0352; 540-987-8759; 
oldradiotime@hotmail.com 

For Sale: Knobs and pushbuttons 
and 1941/1942 Philco escutcheon 
reproductions now available. 
Contact us for specific model 
numbers on escutcheons. Old 
Time Replications, 5744 Tobias 
Avenue, Van Nuys, CA 91411; 
818-786-2500. 
http://www.antiqueradioknobs.cm 
oldtimerep@aol.com 

For Sale: ARBE-III, Universal 
Battery Eliminator, $ 161.95 
including S/H. Comes with a full 
5 year warranty, owner's manual, 
and wiring diagrams for many of 
the common battery operated 
radios from the 1920's. Provides 
isolated A, B, C power sources in 
one self contained unit. The "A" 
supply is continuously adjustable 
from 1.25 to 6.5 VDC and 
provides up to 2.75 amperes 
continuously. The "B" supply 
provides 5 different fixed, 
regulated and short circuit proof 
voltages ( 135, 90, 67, 45, 22 
VDC). The "C" supply provides 
(-22, -9.0, -4.5 VDC) which are 
also regulated and short circuit 
proof. Visit us on the interne at 
www.arbeiii.com. Or order by 
mail at Antique Radios Inc, PO 
Box 6352, Jackson, Michigan, 
49204. Email: arbeiii@yahoo.com 

Services: Professional restor-
ations for all antique table radios, 
consoles, cathedrals, tombstones, 
battery sets, and communication 
receivers. Complete overhauls. 
Lacquer-sprayed, hand rubbed 
cabinet refinishing. Reasonable 

rates. Free estimates. UPS/USPS/ 
FedEx shipments accepted. All 
work guaranteed. Bob Eslinger/ 
KR! U, Antique Radio Restoration 
& Repair, 20 Gary School Road, 
Pomfret Center, CT 06259. Hours: 
9am-5pm eastern time, Tuesday 
thru Saturday. Telephone/fax: 860-
928-2628 E-mail: bob@oldradio 
doc.com. Please come visit us in 
Connecticut or on the web at 
http://www.oldradiodoc.com 

For Sale: Still have a couple of 
those CD-ROMs (PDF format) of 
European radio schematics for 
sale for $50 each. This CD repre-
sents all five volumes of Brans' 
Radio Schema :s, covers 1929-
1943. Ed Lyon, 11301 Woodland 
Way, Myersville, MD 21773; 301-
293-1773. 

Sale: Robbins 18-in, radio 
transcription turntable, Rec-o-cut 
tone arm, cueing clutch, 3-speed 
(33.3-45-78 rpm), hysteresis sync. 
Motor, professional unpainted 
wood cab., needs belts; also have 
2 oscilloscopes, 2 loaded TV tube 
caddies, and a Chinese-style RCA 
radio. Offers? Walter F. Nuss, 
4470 Lake Rd., Newfield, NJ 
08344; 856-694-0025. 

MAARC schematic service is now 
RHS Schematic Service. Radio 
schematics $3 for the 1st, $2 for ea. 
additional, same order. TV 
schematics $5 for 1st, $3 for ea. 
additional, same order. Checks made 
out to RHS. Librarian, Radio-TV 
Museum, 2608 Mitchellville Rd., 
Bowie, MD 20716; 301-258-0708. 
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74/(A-AC 1Jcur CetemM 
Sun., Jan. 12 

Wed., Jan 22 

Sun., Feb. 9 

Sun. Feb. 9 

Sat. Feb. 22 

Sun. Mar. 2 

Sun. Mar. 16 

Sun. Mar. 30 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, 2 p.m. 

Baltimore ARC's annual FREE mini-fest at the 
Timonium (MD) Fairgrounds. 

Frostfest 2003, Virginia State Convention, Richmond, 
VA; event held at convention center, Mechanicsville Rd. 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, 2 p.m. 

Annual Winterfest at Vienna, VA. 

Annual Winterfest at Annandale, VA. 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, 2 p.m. 

Another Nye Estate auction by the Radio History 
Society. This one, like the last one, will be at the 
Davidsonville ( MD) Recreation Center, same location as 
MAARC's annual Fall Meet. Time and details in 
February Radio Age. 

Sat.-Sun, Apr. 1,2 MD State Ham Convention, Timonium Fairgrounds. 

Mid-Atlantic Antique Radio Club 
c/o Paul R. Farmer 
P.O. Box 352 
Washington, VA 22747-0352 
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