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Anticipating the Transistor 
by Ed Lyon 

In the period from 1946 to 1948, two Bell Laboratories engineers named Bardeen and Brattain, 
working for William Shockley, invented and developed the transistor. However, there were experiments 
touching upon the transistor effect much earlier, most of which went virtually unnoticed. 

Crystal detectors seem to work in mysterious 
‘...,ways, even today. Back in 1906, when they 
first acquired regular usage, they were even more 
mysterious. Undoubtedly their initial use was an 
outgrowth of a search for a more effective coherer. 
What the early pioneers in this business wanted was 
a thing which wouldn't conduct electrical current 
until a radio wave had been intercepted by it, and 
then it would conduct like gangbusters, again 
returning to the non-conducting state after passage 
of the radio wave. Minerals seemed naturally dis-

posed to variable conduction, even more so than 
metal filings used in coherers, especially since 
several of the radio researchers of the time were 
having some success with granular mixtures of 
metals, metals and insulating substances, and metals 
and minerals. The inventor of the coherer, Branly, 
thought the metal filings cohered because of surface 
corrosion breakdown when a radio signal arrived, 
but Eccles thought it was a heating effect. In 1924, 
Palmer,' in England, ran experiments which showed, 
to his satisfaction, at least, that the cohering effect 

Palmer, W. G., "The Use of the Coherer to Investigate 
Adsorption Films," Proceedings of the Royal Society of 
London, 106, pp. 55-68, July 1, 1924, London. 

was caused by heating of the microscopic metal 
filings' points of contact, which supported Eccles. 

By 1924, when the use of crystals was about to 
decline, scientists finally began a systematic search 
for the reasons why crystal detectors work. 
Kramer,' in Germany, proved that the detection 

effect in crystals with metal contacts (cat's-whiskers 
or pressure contacts) was rectification of the radio 
signal. He tested several minerals, and measured 
the forward and back resistances of the detectors for 
various levels of applied signal voltage. His work 
was extended by A. Ball and E. Ball,' in which they 
found that the rectification was influenced by 
contact shape, mineral surface condition, and other 
mechanical things, casting more mystery on the 
subject than helping explain it. In France, Gaubert 
discovered that in the case of galena and pyrites, 
two of the most popular of crystal detectors, surface 
conditions were indeed important, concluding that it 

2 Kramer, W., "Rectification with Electrostatic Relay: 

Contact Detectors," Zeitschrift fur Physik, 27, 1, pp. 

74-82, 1924, Berlin. 
3 Ball, A. and E. Ball, "Rectification at Contacts 

between Partial Conductors and Metals," Zeitschrift fur 

Physik, 35, 3, pp. 207-212, 1925, Berlin. 
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ABOUT RADIO AGE: Radio Age became the monthly news-

letter of the Mid-Atlantic Antique Radio Club effective 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 
$20 in the U.S., Canada, and Mexico, and $35 per year elsewhere. 

(U.S. funds, please.) Two- and three-year memberships are available 

as noted on the application and renewal forms. Life memberships are 
also available; contact the Membership Chair. All checks should be 

made payable to MAARC and addressed to the Membership Chair. 

Back issues of the MAARC Newsletter from Vol. 1, No. 1 (August 

1984) and most issues of Radio Age from Vol. 1, No. 1 (Oct. 1975) are 
available for $2.00 per issue postpaid from Barry Zimmerman at the 

address in the left column. 

Entire contents of this newsletter copyright 01996, Mid-Atlantic Antique 
Radio Club, unless specifically marked otherwise on each article. 

Generally, all articles in Radio Age may be reprinted by other publi-
cations provided specific permission is first obtained from a Radio Age 

editor, and full credit is given to Radio Age and to the author of the 

article. 

Submissions to Radio Age are eagerly solicited. Typewritten copy is 

preferred. Articles submitted on 5 1/4" or 3.5" PC-format diskettes in 
ASCII, WordPerfect, or Microsoft Word (DOS or Windows) formats are 

very much appreciated. (Leave off the fancy formatting and fonts 

because we will have to modify them anyway.) Photos should be high 

contrast black and white. Send submission to one of the co-editors 

shown at the left and be sure to include your name, address, and phone 

number. 

MEETINGS: Unless otherwise noted, MAARC monthly meetings 
are held at the Seventh Day Adventist Church in Burtonsville, MD. 
Consult the calendar section for dates and times and the map below for 

directions. There is a traffic signal at the intersection of MD 198 and 
McKnew Road. Park in the lot behind the church or on McKnew Rd. 

Do not block the fireline to the rear parking lot. Entrance to the 

meeting is via the door to the gymnasium. 
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was the presence of impurities in the crystal surface 
which most strongly affected rectification efficiency, 
the absence of impurities being actually harmful to 
the process.4 Strachan, though, writing a series in 
Britain's Wireless World in the summer months of 
1924, thought the molecules of galena on the 
surface layer were mobile, and could rotate, some-
how favoring passage of current of one polarity. By 
1926, Sadakiyo, in Japan, had returned to Palmer's 
original opinion that unidirectional conduction 
between a metal contact and a mineral or between 
metal granules was a local heating effect, and that it 
required .a fine point of contact.' In July of 1928, 
Regler, writing his "Theory of Contact Detectors," 
in Physikalische Zeitschrift in Germany, tended to 
agree, but complicated the issue by claiming that all 
detecting crystals were piezoelectric, meaning that 
they constricted when charged by electric signals, 
and that the heating was induced by the hammering 
of the crystal and the metal contact. 

In that same year, 1928, a series6 of papers was 
published in Germany, each claiming that whatever 
the cause, there was rectification taking place 
between a fine contact and a broad partially-
conducting contact, such as between a cat's-whisker 
and the surface of a galena crystal, in which the fine 
contact (the cat's-whisker) was positive, the crystal 
negative. Further, they claimed that if the contact 
were moved over the surface to fall in a crevice or 
fracture, the polarity would reverse, because the 
crystal fracture would now be the sharp point, 
compared with the end of the cat's-whisker. 

But a short article' in a French journal in 
November 1927 had taken a new tack. The author 
of the article deposited a thin film of silicon dioxide 
(silica) on a sheet of pure silicon, then used a block 
of graphite pressed against the silica as the 

4 Gaubert, P., "Galena and Pyrites as Detectors," 
Comptes Rendus Hebdomadaires des Séances de 
l'Académie  des Sciences, 182, pp. 143-146, Jan. 11, 
1926, Paris. 
5 Sadakiyo, G., "Surface of Metal and Semi-Con-
ductor," (Part I), Researches of the Electrotechnical 
Laboratory, No. 166, April 1926, Tokyo. 
6 P. Beck, H. Lüke, and G. G. Reissaus, writing 
separately in Physikalische Zeitschrif 
7 Dubar, "Theory of Detectors and Coherers," Comptes 
Rendus Hebdomadaires des Séances de 1 'Académie des 
Sciences, 185, pp. 1023-1024, Nov. 14, 1927. 

"contact" electrode. Here, he deliberately avoided 
any semblance of a "sharp" metal contact. He 
measured a 3-to-1 ratio of resistance values for the 
graphite-to-silicon path compared with the silicon-
to-graphite path. Further, he explained the effect by 
invoking the electronic theory, which would hold 
that the conventional current would be in the 
direction of the electron-poor conductor to the 
electron-rich conductor. Here, the silicon was the 
electron-poor conductor. Shockley, in 1948, would 
call silicon the semiconductor rich in "holes" or 
poor in electrons. This would not explain the 
galena-to-cat's-whisker polarity reversing phenom-
enon claimed by the Germans the next year. 

This work was, in turn, anticipated by Merritt's 
experiments here in America, in late 1925, in which 
he compared the rectification of crystals of 
germanium with that of selenium, finding that the 
polarities of the two were opposite, when both were 
fastened in the same holder and pressed by the same 
metal contact point. He found that germanium 
offered the advantage of having a uniform response 
over its crystal surface, unlike galena, which had 
"hot" spots and "dead" spots. He recommended 
the use of germanium in detectors for this reason. It 
would not be until WWII that fixed germanium and 
selenium rectifier diodes would be on the market. 

It was during those late 1920s that many scientists 
were experimenting with unusual effects in metals 
and minerals. One of these phenomena was the Hall 
effect, in which a current through a piece of the 
material, in conjunction with a magnetic field, 
produces a voltage across the material, at right 
angles to the applied current. The voltage produced 
is proportional to the product of the applied current 
and the magnetic field strength. One of the early 
discoveries in the search for materials having high 
Hall effect was bismuth metal. But C. W. Heaps, 

writing in The London, Edinburgh, and Dublin 
Philosophical Magazine and Journal of Science in 
late 1928, described his measurements of the Hall 
effect in galena and several other detector crystals, 
noting that galena's Hall effect was strongly 
dependent on the presence of impurities. This 
prompted a new theory of detector action, one 
caused by this new effect. The incoming signal 
current in the crystal sets up a tiny magnetic field 
which promotes a cross-wise current flow, which is 
distorted by impurities to affect the resistance of the 
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crystal a different amount for differing signal 
polarities. Heaps would later test germanium for 

Hall effects, as well. 

But throughout this 1924-1930 period there were 
intermittent rumors in the popular radio trade 
journals of amplifier devices' made out of detector 
crystals. Most of these stories were cursory and left 
out most vital details, simply hinting at crystal-plus-
cat's-whisker detector devices which were 
"triggered" by another crystal9 or a third electrode, 
another cat's-whisker. This resembles the device 
patented by Shockley, Bardeen and Brattain, which 
led directly to the production of point-contact 
transistors. Some of the crystal materials noted in 
articles l° in popular radio magazines included 
carborundum, triggered to conduct large currents. 
What was envisioned was that it would amplify 
incoming signals. If a signal were impressed on one 
cat's-whisker, the current flow from the other point-
contact, through the crystal, and presumably 
through a set of headphones and a battery, was an 
amplified version of the impressed signal. None of 
the journal articles gave an actual schematic of the 
system, nor were they specific about how it was 
hooked up, how a battery was involved, or how the 
input and output were coupled to and from the 
device. 

In October 1926 a patent" application was 
submitted by Julius Lilienfield describing a three-
terminal amplifying crystal device in which the 
construction more nearly resembled that described 
in Dubar's paper (footnote 7), rather than using 
point contacts. The application description reads 
much like that of a modern junction transistor. This 
same Lilienfield later ( 1933) patented a transistor 
which used copper sulfide and a thin film of alumi-
num oxide, and one ( 1932) having another layer, 
making it a PNNP multijunction transistor. 

In Radio-Craft for July, 1948, Jordan McKay related, 
in an article, "The Crystal Detector," a claim by G.W. 
Pickard, inventor of the galena crystal detector, that he 
had got detector crystals to oscillate, providing a ready-
made heterodyne system for Morse reception. He also 
quoted Pickard as saying that any circuit which will 
oscillate can be made to amplify, as well. 
9 Radio News, 8, 8, February 1927, p. 990. 
19 The Experimenter, 4, 12, October 1925, p. 803. 
11 Patent for "Method and Apparatus for Controlling 
Electric Currents," issued in January 1930. 

Popular Mechanics magazine ran a sort of 
laboratory in those days, in which they investigated 
new products, new ideas, and new methods of doing 
things a handyman needs to do. One device they 
allegedly tested, as described by their associate 
editor, Enno Haan, was a metallic bismuth detect-
or/amplifier. n He wrote a short squibn about the 
device in his book, Radio Trouble-Shooting, 
published by Goa:Mean-Willcox in 1928. His 
description, like those of all the other "amplifier" 
detector crystal devices, was short and cryptic. He 
said the device used bismuth metal plates, coated 

with sulfur "to protect them from atmospheric 
corrosion," wound with a "pickup coil," and that a 

total of five wires connected the device into the 
radio, where it had "four times the sensitivity of an 
8-tube set." We can guess that it might have been a 
Hall effect device, but the sulfur coating is puzzling. 
Internet correspondents have reported that the sulfur 
coating was applied hot by dipping the bismuth (on 
a mica substrate) device into molten sulfur. 

Back in the 1950s, before commercial "Halltron" 
Hall-effect devices made of bismuth came on the 
market, I became interested in four-quadrant multi-
plier circuits, for use in huge analog computers. I 
was designing aircraft flight simulators at the time, 
and needed such multipliers to carry out mechan-
ization of portions of the equations of flight for 
airplanes. The Hall effect intrigued me, and, 
researching the past literature, I soon found that 
bismuth was claimed to have a very high Hall 
coefficient, meaning that it put out large output 
voltages for relatively modest input currents and 

magnetic fields. I found what was advertised as 
"ductile bismuth ribbon" for sale in Pittsburgh, 
ordered some, and built a Hall effect multiplier. It 
worked well (aside from the fact that the bismuth 
was the most un-ductile metal ribbon you could 
imagine), and it had no corrosion problem at all, so I 
wonder exactly why sulfur was claimed to be needed 
as a protective coating on the bismuth "amplifier" 
tested by the Popular Mechanics folks. It is 
possible that the hot sulfur coating chemically 
combined with the bismuth (to form Bi2S5). I do 

12 This month's Quiz asks about this device. 
13 On pages 203-204. This detector/amplifier(?) device 
was brought to the author's attention by MAARC 
member Dr. Bob Comunale. Bob sought information on 
the bismuth device from the World Wide Web, and 
received only bits and pieces of information on it. 
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find bismuth sulfide listed in my 65th edition of the 
Handbook of Chemistry and Physics as a 
semiconductor, so these people might also have 
stumbled on a primitive form of transistor, rather 
than a Hall device. 

The reported concept of three-terminal crystal 
detectors in the mid- 1920s, the deliberate invention 
of one in 1926-1930, and the probable existence of 
a strange mica-bismuth-sulfur detector/amplifier in 
the late 1920s, all relatively untested, makes one 
wonder why these efforts weren't pressed further. 

The whine on the Internet tends to follow the 
battle-cry of the mid-20s, claiming that "big 
business" thwarted the development of such devices 
to protect their industries - vacuum tubes, trans-
formers, batteries, etc., - from financial ruin caused 
by the new device's virtues. In fact, though, these 
devices never made it into such journals as the 
Proceedings of the IRE; surely the conspiracy 
advocates explain this to be because the publishers 
(the Institute of Radio Engineers, for example) were 
controlled entirely by senior members of the 
electronics industry. What is more likely is that the 
devices, if and when they actually existed, didn't 
work well at all, and a more recent example of a 
similar technology may help make the point. In the 
1950s, before transistors had been successfully 
instilled into everyday use, the Berkeley division of 

Beckman Industries marketed some very clever 
"solid-state" devices, able to amplify, oscillate, 
detect, and heterodyne, but they were simply 
miniature magnetic amplifiers, and required special 
1.7 MHz and 10 MHz sources of carrier signals, 
which Berkeley referred to as their "power supply." 
These devices failed utterly, not because RCA or 
GE felt threatened and squashed them, but because 
their performance was infinitely poorer than that of 
tubes and early transistors. Even the Berkeley 
"power supply" unit, which itself used two of the 
devices, performed poorly, radiating hash and 
producing harmonic-rich RF interference all over 
the connected circuits. 

If Lilienfield's "transistors" had really worked 
well enough to make them competitive with tubes, 
the "big guys" would have bought the idea, 
Lilienfield and all, and tube usage would have 
diminished and died, at least in many applications. 
But at the time we did not have the semiconductor 
crystal growing, masking, etching, or machining 
technologies to make the devices work at useful 
frequencies. Therefore the semiconductor revolu-
tion would have to await the merger of the transistor 
idea and the enabling technologies. 

tX0tX0 

For the Record 

The August meeting of the Mid-Atlantic Antique Radio Club was held at the New Hope Seventh Day Adventist 
Church gymnasium on the 18th. As in the July meeting, vacation schedules lowered attendance somewhat, but 69 
members were present. Vice President Jon Cohen chaired the meeting, and announced the firm date for the coming 
MAARC picnic meet, October 13th (see separate announcement, this issue). 

Ted Hannah described a seldom seen Hallicrafters "Trans-Oceanic wannabe," which elicited considerable 
interest, especially in the radio's shortwave bands. This tied in with Ed Lyon's presentation to the members "A 
Short Talk on Shortwave." This talk also prompted several questions from members present, especially questions 
relating to shortwave signal fading and how to prevent it. 

Pat Linfield reports that the meeting entrance donations totalled $73, the 50-50 netted $9, tube, schematics, and 
back issues of Radio Age brought in $77, and the auction, grossing $480, netted $ 137 for MAARC. The next 
meeting will be on September 22, featuring a presentation by former MAARC president Lloyd Kendall. For the 
foreseeable future, regular MAARC meetings will be on Sundays at the usual place, the New Hope Church gym. 
Jon hastens to point out that MAARC is willing and able to meet at other venues in the general area, from northern 
Virginia to the Mason-Dixon line. All it takes to get a meeting in your neighborhood is to find a place that's 
reasonably priced (see the treasurer for what is considered reasonable), and which will hold our usual crowd of 100 
to 130 members, a flea market, and a place for the presentation and auction. (How about Reston?) 
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RÉ bIIOWZ6 
Send in your answers to the questions in this sixth Radio Quiz. We'll publish the best ones. Mail entries 

to: Ed Lyon, 11301 Woodland Way, Myersville, MD 21773. 

1. First question comes from Bob Comunale, who 

posed a similar query several years ago: 

My 1928 Radio Trouble Shooting book (by Enno 
Haan) mentions the use of bismuth metal, in 
combination with sulfur, as a radio detector, said by 
Popular Mechanics magazine's labs to have four 

times the sensitivity of an 8-tube radio. Sounds like 
a modern semiconductor! What's the story, here? 
Can our readers help? 

2. When was the first general use of the term semi-

conductor in a technical journal? 

3. Some post-WWII AM-FM Crosley radios used a 
Fremodyne circuit. What is it? 

4. Alan Douglas asks: "You know those etched 
metal panels used on some radios and test 
instruments, particularly the National NC100 radio, 
in red, black, and chrome, and the Hickok late-30s 
test gear; who made them, and how did they do it? 

There were several radios in the 20s that used 
them: the Radiola Special (black and nickel), the 
Zenith Super VII (in wood-grain and brass), and the 
Ware sloping panel models. There was also the 
Philco test gear finish, in garish engine-turned 

chrome, and there was the embossed chrome (or 
nickel) used by RCA in their marine radios and in 
the Rider Chanalyst or Voltohmyst. Does anyone 
have documentation from the metal finishing 

industries showing how this was done? Did the 
radio people conceive of, and order these finishes, or 
were they readily available? Did some process 
breakthrough suddenly allow the multi-color designs 
to be made?" 

5. Alan also asks: " How many National NC 1 00s 
were sold to hams? They weren't advertised in 

QST, but seemed to be aimed at shortwave listeners. 
Was the design too avant-garde for hams? Has 
anyone seen a NC100 without a crystal filter? Has 
anyone started a serial number project on NCIO0s, 
like Charlie Fisher's chart on HRO radios? 

Answers received for previous quizzes: 

We received answers to earlier quiz questions from Alan Douglas, Tod Prowell, Ted Hannah, Doug 
Houston, Orval Parker, and George Hails. 

In Quiz 5, the first question, regarding the once-per-second clicks heard in AM radios in rural areas: 
electric fence chargers plus the excellent antennas formed by the insulated fence wire conspire to make the 
clicks. Everyone got that one right. George added that the fence chargers used to have a flywheel which 
operated as a buzzer's armature, except verrrry verrrry slowly. He once made a buzzer with a long, 

weighted armature which had a four-second period between clicks. He used this slow "buzzer" to teach 
kids how these things work. 

Also in quiz 5, the question about whether that 1920s radio finish was lacquer or shellac, Tod and Alan 
both noted the magic year 1925 as dividing the radio finishes between the two compounds. Shellac was 

used before 1925 - lacquer afterward, generally. Shellac is soluble in alcohol; lacquer is not. An alcohol 
test in some inconspicuous place would tell the tale. 

Then the question about catacomb chassis in Radiolas: were they all second-harmonic superhets? Alan 
thought all 6-tubers were but eight-tube sets were straight, fundamental-frequency oscillator types. Tod 
tended to agree - without committing himself about the 8-tube variety. 

And nobody thought any repotting of Philco "boat" capacitors was needed. Probably not, but to maintain 
appearance, in the event you have a box full of these capacitors for sale at a flea market, you can use black 

silicone caulk. That's what Ted Hannah thought, too. 
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The MAARC Nardc US ON1! 
(And it needn't cost you a cent!) 

The annual MAARC picnic is set for October 13 at the same great location as last 
year's picnic, Arcadia Fairgrounds in Arcadia, MD. Located in a rural area about a half-hour 

northwest of the Baltimore Beltway, this site has everything we need: level grounds, tremendous 

parking/tailgating area, covered pavilion with picnic tables, stage for the auction, and both 
electricity and water. 

MAARC's picnics are always among the best meets of the fall season, maybe second only 

to AWA's Rochester meet. Here's your chance to enjoy a great radio meet, with tailgating, 
auction, food and soft drinks, immediately following a good hamfest held nearby at Howard 

County Fairgrounds. Come to the hamfest in the morning, and then relax at MAARC's 
picnic/meet all afternoon! The MAARC event starts at noon, and runs till dusk. 

Location of Arcadia Fairgrounds: Arcadia (also called Upperco P.O.) is a village about 7 
miles north of Reisterstown, MD, on MD route 30. MD 30 is accessed from the south and south-
east by driving north on I-795 from the Baltimore Beltway (I-695). I-795 terminates at MD 30. 
For those coming from the north (PA, NY, etc.), MD 30 is a continuation of PA 94, the old 

Carlisle-to-Hanover-to-Baltimore road. Arcadia is about 9 miles south of the PA-MD state line. 

The fairgrounds entrance is on the east side of MD 30, and will be marked by signs. Once inside 
the Fairgrounds, follow the signs to our site. 

Now for the really great news! A commercial vendor will be selling food (hamburgers, 
hot dogs, salads, soft drinks, etc.), and there is no other charge for the picnic or tailgating! 
MAARC will absorb the costs of the grounds rental, the "porta-potties," and clean-up. 

MAARC YOUR CALENDAR 
A refrigerator-marking guide for radio enthusiasts 

Sun., Sept. 15 MAARC meeting at the Seventh Day Adventist Church gym, Burtonsville, 
MD (see page 2 for map). 

Sat., Sun., Sept 21-22 Virginia Beach Hamfest, VA Beach Pavilion, VA. 

Sun., Oct. 13 MAARC meet and picnic at Arcadia Fairgrounds (see article, above). 

Sun., Oct. 27 Mason-Dixon Hamfest, Ag. Fairgrounds, Westminster, MD. 

Sun., Nov. 17 MAARC meeting at the Seventh Day Adventist Church gym, Burtonsville, 
MD (see page 2 for map). 

Sun., Dec. 15 MAARC meeting at the Seventh Day Adventist Church gym, Burtonsville, 
MD (see page 2 for map). 
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Functional Schematic of the RCA AR8[[2 Su[per]hl.et 
provided by Alan Douglas 

The RCA AR812 and all the other RCA superhets of the period were built with major portions of the 

circuitry buried in the dreaded catacomb, a metal container potted with a tar-like substance. The 
objective was to hide the precious superhet circuit from competitors: it also keeps many collectors from 

ever servicing their RCA supers. Even the RCA service books and bulletins of the time were short on 
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accurate, easily understood schematics. Alan Douglas has solved this problem, with the aid of a 
computer to which he has access. He used a program called Tango®, which required that he remove 
most of the symbols in the component libraries (after all, what self-respecting antique radio buff would 

have need for a j-k flip-flop or a quad nand gate?) and create his own. Radio Age has reproduced Alan's 
schematic at nearly full scale, so you can copy it, letter-sized for your RCA notebook, on a copier and still 
read it with ease. 
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Almost Too Good to be True 
contributed by Alan Douglas 

[Alan Douglas found this squib in an issue of General Radio Experimenter, from about late 1941 or early 

1942. It reflects the unreality of the electronics business in the civil sector during the gearing-up for 

wartime production. Shortages were rampant. We have reproduced it intact from the magazine, rather 

than risk having readers believe we made any of it up. Ed.] 

MISCELLANY 
• THE ABILITY TO SEE HUMOR 

in the difficulties of doing business these 

days is rare, but refreshing. An instance 
of this turned up recently in one of the 

printing trade publications. According 
to this item a purchasing agent wrote to 

some of his regular sources of supply, re-
questing new catalogs, with the com-
plaint that the last issues were out of 

date. He expressed the hope that, if no 
new catalogs were available, he might be 

given some schedule by which he could 
figure prices from the catalogs he had. 

A few of the replies that he received are 

quoted below : 
"We are glad to advise the illustra-

tions in our catalog are still O.K., only 
we have discontinued most of the items. 
If we sent you the whole list of what we 
are not making, our catalog would be 

useless." 
"Forget the prices. Also forget the 

descriptions. By the time you get this 

letter we do not know ourselves how or 

what we will be making the stuff out of." 

."Thank you for your note indicating 
you still have one of our complete cat-

alogs. Please return it at once. You 

ought to see the prices we are receiving 
here for our waste paper." 

"After reading your inquiry we are 

afraid you are thinking of sending us an 
order. It looks suspicious to us. Never-

theless, we will gladly meet you halfway 
by showing you how to calculate costs, 
if you will promise to send the order to 

some one else." 

"The only part of that catalog we are 
still certain about is the line that says, 
'Established in I885.' All other informa-
tion and prices have been withdrawn." 

"We will answer your question if you 

will first answer one for us: What do you 
want with a price on things we do not 
have and cannot get?" 

GENERAL RADIO COMPANY 

30 STATE STREET - CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST .STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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Penn State ancl Raào 
An Historical Perspective 

by 

Ed Lyon and the late Mark Strausburger 

Penn State graduates from 30 or more years ago might remember Professor Waynick, one of the 
world's finest theoreticians in the physics of the ionosphere. He and his small Ionospheric Science 
department turned out a succession of very good scientists who solidified our knowledge of radio wave 
propagation via (and through) the ionosphere. But without the background of a strong amateur radio 
club and station at Penn State, it is unlikely that Waynick or his department would ever have materialized, 
at least in central Pennsylvania. 

In the crucial decade of 1920 to 1930, the radio experimenters of the world discovered shortwave 
radio, which allowed intercontinental communica-
tions without undersea cable and at low transmitter 
power. In the middle of that decade, Heaviside and 
Appleton in England, and Kennelly, Breit, and 
Tuve, here in America, proved the existence and 
location of the ionosphere, and started the scientific 
work which permitted the design of low cost 
communications circuits linking continents. 

In America, the work of these scientists was 
prompted by organizations like the U.S. Navy and 
the American Radio Relay League, and was prodded 
along by continuing informal experimentation by 
amateur radio operators who threatened to outdo the 
scientists. The Navy's motivation was clear - they 
liked the capability for long-haul communications at 
low power, and they wanted to be able to claim 
some sort of ownership of the shortwave spectrum. 
Their case, in this latter regard, would be hard to 
make if they let others do all the pioneering 
research. For the ARRL, the objective was support 
of the amateur radio hobby, and enhancement of the 
image of the amateur radio operator. 

Amateur radio operation began with the very first 
communications experiments. By 1910, there were 
a couple thousand amateurs in the country, and they 
had precious little guidance from any authority as to 
avoiding interference with each other and with other 
radio services. As a result, many of these hams had 
formed clubs and groups, both to share equipment 
as well as to learn techniques and the technology. In 
1909, a faculty member in the EE Department at 
Pennsylvania State College named Slaughter' put 

I The late F. Malcolm Gager had traced the origin of 
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together a spark transmitter and a receiver which 
could operate with a coherer or crystal detector in a 
small auxiliary laboratory room. He and several 
students operated the station for a couple of years, 
constantly improving the hookup, especially the 
receiver system. 

In 1912, a large ice storm hit most of 
Pennsylvania, taking down most electric lines and 
telephone/telegraph lines as well. This virtually 
shut down the Pennsylvania Railroad (PRR), which 
depended on telegraphy for train dispatching and 
monitoring. By repairing the wire lines from State 
College to Harrisburg the amateur radio club was 
able to complete the communication links from 
Harrisburg to Pittsburgh and Philadelphia by radio, 
restoring the ability for train control. That year, the 
Department of Commerce granted the club a station 
license, 8XE. In appreciation for the service to the 
rail line, PRR gave the station a new 200-foot steel 
tower for an antenna, shown here. 

In 1915, a student named Mark Strausburger 
joined the radio club and began experimenting with 
the station equipment. The station manager was 
Assistant Professor Fields, who pretty much left 
Strausburger to do as he pleased, leaving the key to 
the shack with him. Strausburger wrote in 1954 
what he remembered about the station. He said the 
transmitter used a motor generator producing 500 
Hz power, which fed a high-voltage transformer, 
and either a fixed (fin-cooled) gap or a rotary gap. 
He recalls the rotary gap was made by a physics 
student named Dunmore. There were two edge-

the amateur radio activity at Penn State to a man named 
F. W. Satterthwaite, not Slaughter. We found Satter-
thwaite was operating 3FP at Reading, PA, by 1913. 
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8XE 
By M. R. Strausberger. 

The picture shows the exterior view of the 
Pennsylvania State College Radio Station. 

TviE.: PENN, STAtE 

R/YD10,j STATION. 

k:3XE. 
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wound tank coils and a glass-plate capacitor. A 
hot-wire ammeter connected the tank coil output to 

the antenna. For receiving, he recalled that there 
was a Duck Navy-style slide tuner and a crystal 
detector, which Strausburger replaced with an 

Audion detector. Later, he used an Audiotron tube, 
which he found far superior to the deForest tube. 

When the Great War broke out, all amateur radio 
operation was stopped by the government, so the 
club assisted the EE Department head, Dr. J. 
Perrine, in conducting radio training for Signal 
Corpsmen for the Army. Two classes of 40 
operators each were trained in 1917-1918. By 1920 

amateur radio was again turned on, and the amateur 
radio club at Perm State, operating 8XE, resumed 
their prewar activities. In November, 8XE picked 
up Frank Conrad's election results broadcast from 
8XK in East Pittsburgh, and posted the news in 
downtown State College. 

In 1924, the Pennsylvania Railroad again 

prevailed on the club to operate the emergency rail 
dispatch network, this time acting as central control 
for a network comprising Pittsburgh, Altoona, 
Johnstown, Lancaster, and Philadelphia wireless 

stations. Practice emergency communications drills 
were held every Sunday on the net, and the station 

became a affiliated with AARS, the Army Amateur 

Radio System. Late that year, scientists all over the 
country prepared for the total eclipse of the sun 
expected in January 1925. Station 8XE monitored 
three broadcast stations for signal fading character-
istics and sent the data to the Naval Observatory 
after the eclipse. 

The college station, soon called W8YA, continued 
training young operators, experimenting, and 

handling emergency radio traffic for the next 15 

years, with little fanfare, except for storm periods, 
such as the ice storm of 1928 and the great 

Pennsylvania flood2 of 1936. In these instances, 
student operators from the radio club at the college 

were dispatched to emergency radio sites throughout 
the stricken arcas, being officially excused from 
college classes (which may explain why they pray 
for rain in Centre County). The station assisted in 
Admiral Byrd's expedition of 1934-35 to Little 
America, under the Army call WLMO, handling all 

2 In this flood emergency, the station operated as 
WLMA, under Army regulations. 

Radio Age - September 1996 Page 13 

Army traffic and most of the personal messages 

with the expedition. In 1938, the club supervised 
the installation and checkout of the first radio equip-

ment used in Pennsylvania State Police vehicles. 
These were light trucks which acted as relay stations 
for communicating with police cruisers. 

With the start of the second world war, W8YA 
started offering non-credit radio training as 
preinduction courses for draftees, getting them 
accepted into the Signal Corps. Throughout the 
war, with the suspension of ham activities, the 
station continued training Army personnel and 
inductees in radio theory and code practice. The 
total number of men and women trained was about 
450. In 1946, the club reverted to prewar activities 
once again, reestablishing the flood/ice emergency 
network in the state. In 1947, the Army and the 
Norwegian Embassy requested the station to handle 
communications with Thor Heyerdahl's Kon Tiki 
expedition. All official communications were 

handled by the club, including a daily 3:00 a.m. 
compulsory radio contact with the raft as W8YA 
and an 11:00 p.m. contact with Oslo, with the 
college using the Army call letters ALMA. The 
Army kept this work secret until several years later, 
then took all the credit for it, and there is no mention 

of the college station in Thor Heyerdahl's book 

detailing the expedition. The station did receive 

invitations to the grand reception after the voyage, 
and letters of thanks were also received from 
Heyerdahl, the Norwegian Embassy, and the Chief 
Signal Officer. 

In 1949, the old AARS was disbanded and was 

replaced by the Military Amateur Radio System 
(MARS); the Penn State station took on the call 

letters A3YA and acted as central Pennsylvania net 
control for MARS communications exercises. The 

next year, MARS changed its name to Military 
Affiliate Radio System in an attempt to distance 

themselves from the hams, who had just prevailed 
on the FCC to exclude MARS operations from the 
ham bands. 

In the 87 years since the Penn State amateur radio 
club began operations, the station has operated as 
8XE, W8XE, W8YA, WLQJ, WLMO, WLMA, 
ALMA, W3YA, and A3YA. Aside from giving the 

college hams a rig away from home, it has served 
Pennsylvania well during emergencies. 
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Radio Age ads, limited to 100 words or fewer, are 

free to MAARC members, but, please, not more than 
one ad per member per month. All ads subject to 

editing, and ads will not be repeated unless re-sub-
mitted. Send ads to any editor listed on masthead 

on page 2. Deadline for all ads for any issue is 10th 
of the previous month (in editor's hands). No tele-

phone ads, please 

Services Offered: 
Professional radio refinishing using 
hand-rubbed, sprayed lacquer 
finishes, from clean-up/touch-up to 
full refinishing; veneer repairs and 

complete reveneering; table tops to 
consoles; we also restore clocks, 
phonos, and TV cabinets; prompt, 
reliable, friendly service; UPS, RPS, 
FEDEX, USPS, in-person deliveries 

accepted. Joe Greenbaum, 
Greenbaum Radio Refinishing, 
1301 S. Baylis St., Baltimore, MD 
21224; (410) 276-4420; (leave 

message if no answer). 

For Sale: Priess Straight Eight, 

without, loop antenna, $200; 
Hallicrafters SX110, $ 100; General 
Motors "Little General," profes-
sionally restored, $250; Grebe MU-
1 Synchrophase, with photocopied 
manual, $250; General Electric M-

51 tombstone radio, $ 125; Guild 
Conquistador, chest-type, rare, 
$125; Gloritone 26 cathedral, $ 150; 
Zenith "My Radio," ultra-

miniature transistor radio, Model 

RD14, in unopened original box, 

$125; RCA 7BX10 Stratoworld 
portable, nice condition, $ 100; 
Silvertone 7224, 4-band portable, 

very clean, $60; General Electric 
P4990A, 12-band portable, pristine, 

$75; Zenith Royal 3000-1, 

extremely clean, $ 125; Vibroplex 
Iambic keyer, IS- 1-80, $65; all plus 

shipping. Ernie Nagy, PO Box 

822, Elk Rapids, MI 49629; (616) 
264-9412. 

Wanted: Paragon RA10, Majestic 

131 chassis and speaker. Al Webb, 

8230 South Linder Avenue, Bur-
bank, IL 60459; (708) 425-7153. 

For Sale: RCA Model WO-91B 
oscilloscope, new., complete w/ 
leads and manual, $60; Micronta 
transistor tester, NIB, $40; 
Dynamic Model 85 tube tester, $40; 

Heathkit Model DR-1 wooden 
decade resistance box, $20; 
Heathkit Model SG-8 signal 
generator, works, no leads, no 
manual, $20; Superior Instruments 
Model TV50-A "Signal Geno-
meter," NIB, w/ leads and manual, 
(this is a combination 100 kHz-60 
MHz signal generator, audio gener-

ator, horizontal and vertical bar 
generator, cross-hatch generator, 

dot pattern generator, and marker 
generator), $50; Hcathkit Models 

CS-1 and IN47M condenser substi-
tution boxes, $ 15 ea.; "counter top" 
tube checker with bottom cabinet, 
$40 (you pick up); RCA Model 
WC-506A transistor/diode checker, 

$20; all plus UPS. Stephen L. 
Bonino, 107 Georgetown Road., 
Glassboro, NJ 08028; (609) 881-

0244. 

For Sale: QST magazines, Jan. 
'79 to current; many issues, mixed 

months and years ( 1965-1981), of 
Popular Mechanics, Science, New 

Radio Horizons, CQ; catalogs, 
1978-1996 from Lafayette, Heath-

kit, Radio Shack; all for $60, offers 

or trades. Gregory Sheppard, 
4402 Jupiter Street, Rockville, 
MD 20853-3255; (301) 946-6460. 

Wanted: Original Ford car radio 
with 8-track tape player, to fit 1967 

Ford Fairlane. Bob Henry, 284 

Bradley Circle, New Cumberland, 
PA 170.70; (717) 774-2965. 

For Sale: Crystal radio kits: Kit 
el comes complete with 5-3/4" X 
9" face panel, base board, 2 var. 
caps, SP9T rotary sw., prewound 
coil, 1N34 diode, earphones, and 

the many parts for an old style 
radio, $29.50; kit e2 same, except 

1 var. cap, no rotary switch, single 

phone, $22.50. Carl & Grace Ent, 
5636 Romeyn, Detroit, MI 48209. 

For Sale: Atwater Kent 10-C 
breadboard, all original, $775; 
Atwater Kent series M horn 
speaker, $ 125, call 201-659-0401 

(work) or 201-262-9466 (home), 

and ask for Harvey. Ilarvq Daniel 

Rieff, 320 Lacey Drive, New 
Milford, NJ 07646. 

Services Offered: Schematics plus 
alignment information for sets 
1920-1960 mailed or faxed, $3.00 
radios, $4.00 TVs, ppd. Send make 

and model number. Robert 
Schrantz, 610 E. Juanita Avenue, 

San Dimas, CA 91773; Ph./Fax: 
(909) 394-1194. 

Sale: Many of your favorite old 

time radio shows are available on 

tape cassettes. You select the shows 
you want and purchase them by the 
hour. Fast, friendly service. Send 

for our catalog listing over 5,400 
shows arranged by category and 
title. Only $2.00 (P&H). Send 

request to: Erstwhile Radio, PO 
Box 2284, Peabody, MA 01960. 
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For Sale: Hickok VTVM, Model 
110B, ac-dc seven ranges, 2.5 to 
10,000 volts; $25 plus UPS, 
Polaroid, $ 1.00. George Green-

berg KD4OBV, 1701 Andros Isle 
K-2, Coconut Creek, FL 33066; 
(305) 971-9053. 

For Sale: Admiral 990-6Y (like the 
one in Machine Age), white Plaskon, 
chrome trim, vg condition, minor 
stress marks, $ 140; Erla (Sentinel 
195ULTO in Machine Age), $ 195; 
box lot of early transistorized mini-
tape recorders, some NIB, all for 
$85; transistor radios, including 
many oldies, SASE for list. 

Wanted: Japanese and US transistor 
radios, especially Arvin 8576 and 
9577, Seminole 801, and inexpen-

sive Zenith Royal 500s; also want 

Crosley 11-101 series and Philco 49-
501 (and 49-503) radios; also need 
white knob for Silvertone 4500.. 

Don M. Maurer, 29 South 4th St., 
Lebanon, PA 17042; (717) 272-
2481. 

Services Offered: Professional 
restorations for all antique table 
radios, consoles, cathedrals, tomb-

stones, battery sets, comm receivers, 

amplifiers, and auto radios • Com-

plete overhauls • Lacquer-sprayed, 
hand-rubbed cabinet refinishing • 

Reasonable rates • Free estimates • 
UPS/USPS/FEDEX shipments 

accepted. All work guaranteed. 
Also buy/trade/ sell/find radios and 
parts. 

Bob Eslinger - Antique Radio 
Restoration & Repair - 20 Gary 
School Rd., Pomfret Center, CT 
06259; (203) 928-2628, 10 a.m.-7 
p.m., Tue-Sat.; 

e-mail: radiodoc@neca.com; web: 

http://www.neca.com/—radiodoc 

AUTOCALL 

Autocall, the official journal of 

the Foundation for Amateur 

Radio, is a monthly publication 

covering nearly 50 amateur radio 

organizations in the Capital area. 

To know what is happening with 

respect to ham club activities, 

subscribe to Autocall. Only 

$8.00 per year for 12 issues. 

Write Autocall, PO Box 7612, 

Falls Church, VA 22040-7612. 

(Make checks payable to: 

"Foundation for Amateur Radio." 

For Sale: Mil-spec-type capacitors 

with glass hermetic-sealed ends, 
long axial leads, metal shells, mylar 
or poly dielectric, ideal for audio or 

communications receivers, where 
you want a durable, historically cor-
rect appearance, huge stock, bathtub 

and other styles, too; also RFchokes 
and coils, hard-to-find volume 
controls, and knobs (I make two 
types of wooden, generic, 

replacement, set-screw-type knobs), 
speakers, tubes, etc.; also I make 
those thick gum rubber washers for 

Zenith (and other) chassis 
mounting; also lots of literature. 

Send your LSASE for flyer, or send 
want list. 

Antique Audio, c/o Mark Oppat, 

253 Blanche Street, Plymouth, MI 
48170; (313) 455-4169 ( 10 a.m. - 9 

p.m., EDT). 

Wanted: Citizens Radio Cal/book 

magazines (amateur calls only) for 

spring and fall 1925. Bob 
Arrowsmith W4JNN, P.O.Box 
166, Annandale, VA 22003-0166; 
(703) 560-7161. 

Info: New expanded list of radio 
test equipment operating manuals, 
more than 200 models, including 
mfgrs. like Accurate, B&K, Century, 

Egert, Eico, Feiler, Heathkit, 
Hickok, HP, Jewell, Philco, Pre-

cision, RCA, Solar, Sprague, Su-
preme, Weston, and more; 2-stamp 
LSASE brings indexed catalog. 

Wanted: Official Radio Service 
Manual, Vol. 6 (not Rider), cash or 
trade for my earlier original vol-
umes, e.g.. Vol. 1, 2, or 3. S. James 
Richards, 109 Macon St., Brook-
lyn, NY 11216-2106; 
e-mail: radio109rdaol.com 

For Sale: Quality reprint of 1940 E. 

H. Scott catalog, Custom Built-to-
Order. Shows Philharmonic, Phan-
tom, Masterpiece, and special 
communications receiver; cabinets, 
performance curves, and testimon-

ials; on glossy bond paper similar to 
originals; 32 pages of photos and 

info on the Scott line; only $ 12.95, 

1st class ppd. Kent King, 337 York 

Avenue, Delaware, OH 43015. 

For Sale: Tubes, schematics, 

service notes, Rider manuals, 

Sams Photofact Folders and 

transistor books, etc., for early 

radios. LSASE for price list. 

Sam Faust, P.O.Box 94, 

Changewater, NJ 07831. 

For Sale by non-member: 

Norelco Stereo Continental tape 

deck, Model EL3536A/54; three 

speeds, w/ mike and reels; exc. 

cond.; best offer. Mrs. Wright, 

ph: (703) 573-5403 (Annandale, 

VA) 
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More on Isolation Transformers 
Ed Lyon 

In a letter, Alan Douglas points out another good source of isolation transformers omitted from the 

restoration column in the July issue of Radio Age. He suggests looking for heavy-duty power supply 
transformers such as were used in linear regulated supplies a few years ago in solid state equipment. Many 

of these transformers have four-terminal primaries, comprising two identical 120-volt windings. They are 
made to be connected in parallel for 120-volt operation, and in series for 240-volt operation. Simply use 
one of the primaries for your isolation transformer input winding, and the other identical winding becomes 
your output winding. The original low-voltage windings can be ignored, or one can be used for a pilot lamp, 

if desired. The transformer should be originally rated, in output volt-amps (VA), at twice the needed 

isolation transformer rating. 

Thus, if you want a 50 VA isolation transformer (the smallest you should go for), look for a dual-primary 
power supply transformer rated at, say, 12 volts at 8-10 amps, or 24 volts at 4-5 amps. I found four new 
150-VA transformers with suitable dual primary windings, built for linear power supplies, at the Berryville 
(VA) hamfest. They will make fine isolation transformers rated at 75 VA 
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