
WHO’S ON FIRST? 
- OR - 

HOW NAVY RADIO COVERED ITS BETS  
BY ED LYON 

Some of the “Firsts” in wireless communications conspired to clash with one another by the time the 
U.S. entered the World War I fray, many of the collisions orchestrated by the Navy, while the Navy strug-
gled to resemble a disinterested bystander.  These “Firsts” included the high-frequency alternator, the 

Poulsen arc generator, and the three-element electron tube. 

A S the 20th Century began Reginald Aubrey 
Fessenden was intent on creating wireless 
communications systems that used 

continuous waves (CW) of electromagnetic energy 
rather than the impulsive bursts of energy produced 
in then-current spark transmitters.  Through 
schooling and incisive intuition he came to know that 
for a given power level the bandwidth taken up by a 
Morse-coded CW signal was but a small fraction of 
that used in the raspy pulses of energy produced by 
spark transmitters, yet both could convey the same 
information. The advantage of the narrow 
bandwidths taken up by CW signals was that on 
reception, the amount of atmospheric noise taken in 
along with the desired signal was commensurately 
less, compared with the wideband channel occupied 
by a spark-excited signaling system.  He knew, by 
1901, of only one available way to create a CW 
signal, the Thomson (or Poulsen) arc-excited 
generator, and it wasn’t all that pure a CW signal 
after all, being quite “hissy.”  And he knew of at least 
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one way to make the impulsive-type signal, the 
spark-excited transmitter, and everybody was doing 

(Continued on page 3) 

Navy Radio’s NAA “Three Sisters” station in Ar-
lington, VA, before National Airport was built. 
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A BOUT MAARC and RADIO AGE. Radio Age became the 
monthly newsletter of the Mid-Atlantic Antique Radio Club in 

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

Subscription to Radio Age begins with the next available issue after 
the membership application and dues are received. Dues are $24per 
year in the US, $36 in Canada, and $60 elsewhere, all payable in 
US dollars. Two-year, three-year, and life memberships are 
available; contact the Membership Chair . All checks are payable to 
MAARC and, for new members, must accompany the membership 
application, which is available from the Membership Chair or the 
MAARC website (www.maarc.org). If you change your mailing 
address, email, or phone number, please notify the Membership 
Chair immediately so corrections can be made to Radio Age’s 
mailing list. The Post Office will not forward your newsletters. 

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

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

MAARC MONTHLY MEETINGS. Most months MAARC 
meetings are held at the Davidsonville Family Recreation Center, 
3789 Queen Anne Bridge Rd., Davidsonville, MD (map below). 
From U.S. 50, take MD 424 south for 2.5 miles. Turn right on MD 
214 for 0.6 miles, and angle left on Queen Anne Bridge Road for 
1.1 miles. The entrance will be on your left. April and December 
meetings are usually held at the Sully Station Community Center in 
Northern Virginia. Check the calendar on page 16 for details. 

                     

The entire contents of this publication are copyright ©2014 Mid-Atlantic 
Antique Radio Club, unless specifically marked otherwise on each article. 
Generally, all articles in Radio Age may be reprinted, provided specific 
permission is first obtained from a Radio Age editor (and the copyright 
holder, if not Radio Age) and full credit is given. 
 

Editor this issue: Ed Lyon 
Design and production: Ed Lyon 

Officers 
President 
Eric Stenberg 
8700 McNair Drive 
Alexandria, VA 22309-4031 
703-780-7391 
cx301a@aol,com 
 
Vice President  
Joe Colick 
301-861-5519 
JFColick@verizon.net. 
 
Treasurer 
Rod Matzko 
3 Coloma Court 
Sterling, VA 20164-5507 
703-406-2713 
r2wb@comcast.net 
 
Radio Age Co-Editors 
Ed Lyon 
11301 Woodland Way 
Myersville, MD 21773-9133 
301-293-1773 
lyon@fred.net 
 
Brian Belanger 
115 Grand Champion Drive 
Rockville, MD 20850-5608 
301-258-0708 
radiobelanger@comcast.net 
 
Domi Sanchez (also auctions) 
902 Orange Drive,                   
Silver Spring, MD. 20901-1004 
301-681-3979 
radiodome@verizon.net 
 
Membership-Tube Sales  
Steve McAllister 
3903 Norwalk Place 
Bowie, MD 20716-1047 
301-249-1496 
mcallister3903@comcast.net 

Directors 
Willie Sessoms (Show-’n’-
Tell) 
410-298-8474 
 
Joe Koester (Publicity) 
931-788-1360 
jwkoest@charter.net 
 
Bruce Pellicot 
410-461-7441 
brucepellicot@netzero.net 

John Begg (Meeting Setup) 
301-649-4663 
jbegg@jbegg.com 

Michael K. Thomas 
410-435-1583 
apebug@aol.com 
 
Joe Meagher 
410-451-9008 
Telegraph.office@verizon.net 
 
John Foote 
703-724-1247 
john.footr@live.com 
 
Paul Harte 
 
Mike Kendall 
703-266-3499 
MKSK1@hotmail.com 
 
 
Webmaster, www.maarc.org 
Carlos Lazarini 
kadulazarini@gmail.com 
 

MAARC Board of Directors 

MID- 
 ATLANTIC 
  ANTIQUE 
   RADIO 
    CLUB 

Map — Davidsonville Family 
Recreation Center (not to scale) 



Radio Age ♦ January 2015        RadioWinterFest: January 18th—at NEM        page 3 

In This Issue 
Who’s on First?, by Ed Lyon...............................1 
For the Record .................................................. 6 
Tidbits (Percival Lowell, et al.)......................      8 
Bogey Tubes  by Mike Higgins......................... 13 
Classified Ads ......................   ….…… ……….. 15 
MAARC Your Calendar!.....................................16 

that.  It was obvious, from his listening in on the 
ambient signaling being attempted every evening all 
over the Atlantic seaboard, that not many of the 
correspondents were actually communicating. Their 
signals seemed to be hopelessly intermixed, each 
occupying a bandwidth sufficient to cover the 
neighboring signals, and then some.  It was apparent 
to him that the number of successfully-signaling 
spark transmitters in a given band of wavelengths 
was limited, simply by the total bandwidth available 
and the bandwidth occupied by each one; he also 
thought the limit had already been surpassed each 
evening.  Of course his deeper passion was to be able 
to send the human voice by radio waves – a far more 
satisfying way to communicate than using Morse 
code, and for voice transmission one needed a steady 
underlying CW signal. 
 
The only thing that was in a way redeeming about 
spark-excited transmitters was that the Morse signals 
they sent could be easy to receive – all one needed 
was an antenna, a tuned circuit, a detector, and an 
earphone.  The spark generation method, itself, lent 
an audible beep or tone to the on-off character of the 
Morse signal. Reason was the spark generator, 
usually a step-up transformer like an automotive 
spark coil, generally had a doorbell-like set of 
interrupter contacts at one end, excited by the 
transformer’s iron core.  Most transmitter operators, 
especially amateurs, tuned their interrupters’ springs 
and gaps to produce an easily recognized tone pitch 
so their friends would immediately recognize their 
“fist” when they were on the air. Fessenden 
recognized this feature and mentally noted that if one 
could devise a purely CW signaling system, he would 
have to insure that any Morse signals sent with such a 
system would need to add a tone-generating adjunct 
at the sender or receiver to make the dits and dahs 
audible. 
 
But before Fessenden was to work on a way to 
produce pure CW signals, he had to exhaust the capa-
bilities of harnessing the trusty spark method of 
transmitting.  He figured, at one point in 1900, that it 
might be possible to get the spark interrupter to 
vibrate at a pitch that was well above the range of 
human hearing, maybe around 20,000 sparks per 
second. Then by modulating the strength of the 
sparks, using a telephone-type carbon-granule 
microphone, he could send voice signals, even though 
the underlying signal was not continuous wave, but 
super-high-impulse-rate spark-excited wave, sort of 
what we today would call pulse-amplitude-

(Continued from page 1) modulation (PAM).  He had taken a job with the 
Weather Bureau [1] by 1900, and was putting up 
antennas at Rock Point and on Cobb Island in the 
Potomac, Charles County, MD for weather advisories 
to Chesapeake Bay mariners. The Bureau plan was to 
link this station with other similarly-equipped 
stations up and down the coastline. He had a small 
lab at the Cobb Island site, where he tested his ideas 
for better radio signaling.   
 
He had heard of the electrolytic detector so he started 
to make one, in an effort to test his idea that a super-
audible spark interrupter rate might just be a viable 
substitute for a pure CW transmitter.  He got the 
transmitter, made with a spark coil and rotary 
segmented interrupter, ready for test just before 
Christmas day, 1900, setting up what he hoped would 
be a super-high-interrupter-rate spark transmitter 
modulated by a carbon-granule telephone 
microphone. This transmitter was set up on the 
mainland, at Rock Point on the Wicomico River 
mouth.  The headphone-equipped electrolytic-detec-
tor receiver was about a mile away at the Cobb Island 
shack.  After sending the usual Morse weather 
information, he made a voice announcement, then 
played a violin solo and sang a Christmas carol into 
the mike.  A few astonished watermen working in the 
Chesapeake heard it, the first voice communication 
by radio.  Fessenden described the quality as “lousy – 
hardly intelligible,” for the spark rate was not his 
intended 20,000 per second, but something like 5000 
per second, a shrill hissing overtop the voice and 
music. Clearly, the spark transmitter was not the way, 
and he knew a finer electrolytic detector could help, 
as well. 
  
There he stumbled on a better way to detect radio 
signals, including pure CW signals, in a receiver. In 
trying an improved electrolytic detector, he used 

(Continued on page 4) 



Radio Age ♦ January 2015 MAARC’s web site: www.maarc.org         page 4 

What Valdemar Poulsen exploited was this negative-
resistance property.  By feeding the arc via a tuned 
circuit the circuit would break into oscillation at its 
resonant frequency when the arc became lit.  Add an 
antenna (or use the antenna as the tuned circuit), and 
you have a transmitter. But the power levels possible 
were very small, until Poulsen added a magnetic field 
surrounding the arc.  The idea was to magnetically 
blow out the arc each radio-frequency cycle.  The 
results were spotty and irregular until Poulsen added 
a hydrogen or alcohol-vapor atmosphere to the arc 
chamber, which, along with the magnetic field, made 
the arc both sustainable and yet interrupted each 
radio-frequency cycle.  Here was nearly pure CW.  
Nearly, because it still suffered from the hissing 
modulation of the arc’s irregularity.  Fessenden 
likened it to a confined lightning stroke.  Poulsen 
began using and selling small arc transmitters of a 
few watts’ power rating in Europe in the early 1900s. 
 
Fessenden read of Poulsen’s arc-excitation radio 
signal generator, calling it a “semi-continuous wave” 
radio transmitter, constructed one, and fed its output 
into his barretter-detector receiver in his little lab.  
His mission now was to test the arc as a CW 
transmitter, but finally with a proper CW receiver, 
which required a real signal detector, some sort of 
device that stripped the modulation off the radio 
signal, unlike a coherer which simply announced that 
a signal was present.  A couple more years, and 
Dunwoody and others would be using galena and 
other minerals as rectifying detectors, but now, the 
barretter was the best detector available.  Fessenden’s 
receiver was connected to a set of headphones, and as 
he tuned the receiver to center its response onto a 
Morse signal from his Rock Point transmitter, he 
would then change the local arc generator’s tuning to 

(Continued on page 5) 

Wollaston [2] wire dipped into an electrolyte.  But 
first he had to strip the heavy silver plating from the 
platinum core of the wire, using the usual nitric acid 
for this step.  Somehow the platinum wire-end broke, 
leaving a tiny stub of platinum sticking out of the end 
of the silver-plated part of the wire, the platinum still 
immersed in the acid.  He transferred the acid to a 
lead cup, dipped the tip of Wollaston wire into it, and 
tried it as an electrolytic detector.  It worked very 
well, being far more sensitive than any detector he 
had ever tried, and the process seemed to be thermal, 
not electrolytic.  So he applied for a patent on it it, 
over a year later, in  March 1903.   
 
Missing now, and next to be built would be the true-
CW transmitter, and for Morse operators, the tone-
generator adjunct, and quality narrow-band non-
interfering signaling would be possible.  He turned to 
Poulsen’s arc. 
 
The Poulsen arc method of generating radio signals 
had its discovery in the late 1800s by Elihu Thomson 
in England [3], and most radio engineers of the 
period knew how it worked. The common electric arc 
is unlike the then-popular spark, which is initiated by 
a sudden breakdown of the air between two 
conductors which have a very high voltage impressed 
between them.  The air between the electrodes in an 
arc discharge needs to be heated to the point that the 
air molecules become ionized so that they can 
conduct a current sustained by the rather modest 
voltage impressed between the electrodes.  The 
easiest way to heat this little air space is by letting the 
electrodes touch each other, momentarily short-
circuiting the voltage between the electrodes. The 
microscopic roughness of the electrodes’ surfaces 
cause the contact between them to be similarly 
microscopic, and the current inrush heats these tiny 
points to incandescence (actually a plasma, rich in 
ions).  The flame-like plasma is sustained by the 
impressed electrode voltage, from a few volts to 
several hundred volts, depending on the size of the 
arc.  What the engineers of the day learned was the 
fact that the arc had the weird property of negative 
resistance – an increase in applied voltage can result 
in a reduced current flow.  They also knew that a-c 
voltages could also produce arcs, provided the a-c 
frequency was high enough to keep the arc from 
completely extinguishing as the a-c voltage went 
through zero each cycle – some residual plasma has 
to remain in the electrode gap. 
 

(Continued from page 3) 

Cobb Island, MD, with the Wicomico River disap-
pearing to the left; Fessenden’s Rock Point trans-
mitter site would be at the left edge of the photo. 
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Pittsburgh, where he had already been visiting 
Westinghouse engineers recently with his alternator 
idea.  There, two bankers, Hay Given and Thomas 
Walker, ignorant of radio technology, but seeing the 
components of a novel and valuable complete 
communications system in Fessenden’s portfolio, 
offered to fund a company for his research and 
development, called National Electric Signaling 
Company (NESCO).   With this backing, he hurried 
to Westinghouse, and tried to get them to bid on 
building his alternator, which they refused to do, 
feeling they were too busy with real power-line and 
lighting problems to take on another wild fling.  With 
the NESCO backing, the loss of the Weather Bureau 
job would not be a problem, now. 
 
Next obvious place to ask was General Electric, 
where Fessenden met Steinmetz, who was intrigued 
with the idea, and took on the development 
immediately.  By the end of July, 1901, Steinmetz 
had the Alternator under initial tests, but it was 
failing to meet Fessenden’s required 75 kHz output 
frequency by a lot.  For over a year, Steinmetz 
struggled with rotor vibration, shaft vibration, and 
overheating, getting but 10 kHz as the top frequency, 
and only about 10 percent of the desired output 
power.  In 1903, Fessenden took it to Brant Rock, 
MA, his NESCO test site, and used it to feed a spark 
coil, not an antenna, since it produced only 10 kHz 
signals, not high enough by almost an order of 
magnitude.  But the coil made 20 kHz sparks (one for 
each half-cycle produced by the alternator), and this 

(Continued on page 6) 

approach that signal’s 
frequency, and the result 
was very favorable tone-like 
sound given the Morse 
signal.  Instead of the 
thumps, snaps, or clicks 
made by the Morse signals 
alone, the addition of the 
Poulsen generator’s signal 
turned the sounds into tones 
that were both pleasing to 
the ear and easily selected, 
mentally, for listening, 
despite the accompanying 
atmospheric static and 
interfering signals, also 
making tones, but of 
different pitches, readily 
discarded by applying a 
little mental concentration. Now, the tones weren’t 
pure notes, but had a hissing or slushy character, 
typical of the Poulsen generator’s output signal.  
Fessenden experimented with two Poulsen generators 
feeding a barretter receiver, and confirmed that the 
arc generators did not actually produce a pure 
continuous wave, but approximately so, having a 
certain level of modulation that was related to the 
arc’s fluctuations in shape and origins on the arc 
electrodes. Adding the low-powered Poulsen arc-
generator signal at the receiver he dubbed a 
heterodyne receiver. 
 
Here he had invented something that would be 
extremely useful in receiving Morse signals, whether 
for CW signals or spark-excited signals using any 
form of spark interruption.  The pure-CW transmitter 
signal source was next, and Fessenden felt that a 
direct approach was best.  He drafted a plan for an 
alternator resembling an a-c electric-power-
generating machine, but operating at a frequency of 
the order of 50,000 to 75,000 Hz (rather than the 
power-line’s usual 60 Hz.), and submitted it for 
patent protection.  His overall plan was to modulate 
the field coils of the alternator with Morse or voice 
currents, connect an antenna and ground to its output 
terminals, and voila, a CW transmitter.  But 
interrupting this progress was a problem developing 
with the Weather Bureau.  Officials there began 
exercising their control over Fessenden’s inventions, 
which he felt should be “shop-rights” only, not 
ownership.  The resulting arguments resulted in his 
1902 dismissal from the Bureau, so he returned to 

(Continued from page 4) 

Alexanderson’s first all-metal alternator, also built for Fessenden. With a 
smaller, wooden-rotor version, Fessenden claimed to have broadcast 
Christmas music from Brant Rock, MA, in 1906, likely the very first broad-
cast.  (Picture courtesy of GE Hall of History, Schenectady.) 
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spending he had been enjoying at the expense of 
Given and Walker, who were becoming edgy.  This 
new system was a spark-excited [5] transmitter and 
barretter-receiver, with heterodyne, both at Brant 
Rock and at Machrahanish, Scotland, the transmitters 
rated at over 50 kW each.  This system performed the 
first two-way transatlantic message exchange ever, in 
the spring of 1906. 
 
But NESCO was on shaky ground, falling back on 
Fessenden’s rotary-gap spark system for transmitting, 
and on a delicate barretter-detector receiver, with 
heterodyne.  By this time, aside from the plethora of 
spark transmitters being shopped around, there were 

(Continued on page 7) 

he could modulate by voice, and make it sound 
almost like CW, just a bit too sibilant.  Within a year, 
NESCO was advertising these sets, with barretter 
receivers, as wireless telephones – guaranteed for 25 
miles range.  Fessenden went back to GE and wanted 
more.  He was firm in his demands for 150 kHz 
frequency and 25 kilowatts power output, and the 
alternator was required to have a wooden rotor (!!), to 
avoid the eddy-current losses he felt were robbing 
him of performance so far.  Steinmetz was busy on 
other work, so his job was given to a new engineer, 
Ernst Alexanderson, who marveled at the 
requirements and balked at the wooden armature and 
several other peculiarities Fessenden wanted. 
 
Fessenden recognized the skill of this fellow, and let 
him have his way, except for the wood.  It had to stay.  
By the spring of 1906, Alexanderson had it working 
at the 100-watt output level, and at 75 kHz frequency, 
the barrier now probably being the lack of stability of 
the wooden rotor.  Nonetheless, the machine worked 
quite well, nasty resonances in the shaft and rotor 
having been quieted down by adding more shaft 
bearings and damping collars, but Fessenden’s 
required steam turbine prime power source had to be 
shelved in favor of an electric motor drive system and 
step-up gearbox.  Just before Christmas, 1906, 
Fessenden broadcast a full program of voice and 
music over the air with this system, from Brant Rock, 
and by this time nearly every non-Marconi ship’s 
radio should have been able to hear [4] the broadcast, 
which must have caused quite a sensation.   
 
But earlier in 1906, before the alternator had gotten 
installed, Fessenden installed and operated a high-
powered communications system he disliked 
immensely, primarily to help offset the extravagant 

(Continued from page 5) 

 

FOR THE RECORD: 
 

.The November 2014 meeting of the Mid-Atlantic Antique Radio Club was held at Davidsonville, MD on the 
16th of November, Eric Stenberg presiding.  Approximately 53 members were present.  Willie Sessoms’ Show-
’n’-Tell brought out a few unusual items, including two tiny toy “speakers,” like the ones advertised in most 
boys’ magazines and radio magazines of the 30s.  Exceptiuon here is that one of the speakers was actually a ci-
gar lighter, made to look like its companion toy speaker.  Geoff Shearer also showed a well-restored radio whose 
dial was reproduced by member Bill Goodwin. Then there was the motor mechanic’s stethoscope, used to listen 
for engine sounds that might indicate troubles, and this one was electrical, employing a phone receiver, and fi-
nally, someone brought in a WW2 military ARC-4 receiver like the one described in a recent Radio Age article. 
 
Remember the theme for RadioActivity 2015, to be held at Timonium again this year, is “Upstate New York Ra-
dios and Electronics.  There will be several categories in the OEC for General Electric and Stromberg-Carlson 
radios and equipment, broken out by years of manufacture, as well as Colonials and Federals, plus open catego-
ries in the theme area, and a full set of “standard” categories, 18 in all. Full listing will be in the March issue. 

Rotary spark gap devised by Fessenden for his 
high-powered transmitters at Brant Rock and Mach-
rahanish, Scotland for transatlantic service, as a 
last-ditch effort to save NESCO. 
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many mineral detectors available, from equally-
delicate galena-with-cat’s-whisker to rugged 
carborundum, and Fleming’s diode valve was starting 
to be used, soon to be overtaken in America, at least, 
by DeForest’s Audion.  There were also imitations of 
the barretter, notably DeForest’s blatant copy, his 
“spade” detector, so that only the heterodyne receiver 
adjunct was essential to the critically-sensitive 
communications system.  Just before stumbling 
completely, NESCO sold a batch of Fessenden rotary-
spark transmitters, including the 150 kW monster 
installed at the Navy’s NAA station in Arlington, 
where National Airport now stands.  This transmitter 
was the Navy’s standard transatlantic sender for the 
east coast beginning in about 1914, and scheduled to 
last through the teens, if the Navy could have its way.  
It needed only to be officially blessed as being 
acceptable, and tests against fixed overseas stations 
and ships at the farthest reaches of the Atlantic were 
being planned for 1915, despite the European 
unpleasantness then ongoing. 
 
However, back a few years, in 1910, an Australian-
born Stanford engineering graduate, Cyril Elwell, 
working at a small lab in Palo Alto, California, had 
been testing a Poulsen arc transmitter he had brought 
back with him from a visit with Valdemar Poulsen in 
Sweden.  He, too, was fascinated with the idea of CW 
transmitters and receivers, as being far more efficient 
than spark-excited sets, so he set up the Poulsen 
Wireless Telephone and Telegraph Company in San 
Francisco, with a shop in Palo Alto.  His eye was set 
on the vast Pacific, and communications across such 
spans, to replace undersea cables, many of which had 
been cut by the European belligerents early in the 
war. Funded by a California venture capitalist, Beach 
Thompson, Elwell had connected San Francisco with 
similar stations at Sacramento and Stockton, 
California, and Thompson saw the possibility of 
overland communications in areas in the west difficult 
to access with wires.  The company was incorporated 
in Arizona as Federal Telegraph and Telephone 
Company.  The Navy offices were visited in 1911, 
and the Navy became interested in the reliability of 
the radio contact available with this system, and its 
narrow interference-free bandwidth.  They didn’t like 
the low power rating of the transmitters, thinking they 
might be useful on ships, rather than shore stations.  
This idea was also frowned on by Bureau of Ships 
officers, who saw the arc system as too complex and 
“sailor-susceptible” for the Navy, sending Elwell back 
for tighter engineering of the system.  Meanwhile, a 

Continued from page 6 flat-broke fugitive from the eastern U.S. courts named 
Lee DeForest appeared on Elwell’s doorstep, having 
just supervised the installation of a deforest spark 
transmitter on two Navy ships in San Francisco, and 
fearing a return to the east where his company was 
being shredded by lawsuits.  DeForest wanted to sell 
his Seibt wavemeter, just to keep body and soul 
together, and Elwell bought it.  A few days later, 
DeForest reappeared, asking for a job.  Elwell hired 
him, giving him free rein to work on receivers, using 
his Audion, hopefully to result in a receiver to go 
along with the Poulsen-type transmitter. Two very 
able assistants worked with DeForest, resulting in the 
development of the Audion as a sensitive multi-stage 
amplifier, albeit only for very weak signals.  
DeForest’s insistence on a residual internal Audion 
atmosphere was a continuing culprit in preventing full 
exploitation of the triode capability. 
 
But Elwell’s method of gradual growth in network 
size was not consistent with the financial plans of 
Thompson and his colleagues, so Elwell was fired in 
1913, and a young new engineer, Leonard Fuller, took 
his place. Fuller took the time to learn the intimate 
details of the arc system, and reverse-engineered the 
units already in operation to see what parameter 
changes had (and could) made them more powerful, 
and what couldn’t.  Meanwhile DeForest had already 
left, taking the multi-stage amplifier back east with 
him, to try to sell it to the Bell Telephone company as 
a much needed repeater amplifier. Fuller returned to 
the Navy offices and worked out a deal.  He would 
install, in Arlington, a Federal arc transmitter of 
adequate size (30-35 kilowatts) to reach Europe in 
time for the planned final trials of the monster 100-
kW NESCO rotary-spark transmitter in 1915, for a 
side-by-side test, completely supervised by the Navy.  
All costs would be borne by Federal, until the arc 
system was accepted, when the Navy would 
reimburse Federal’s actual costs.  How could the 
Navy not like this plan?  They accepted, but swore 
Fuller to secrecy, as they didn’t want other radio 
manufacturers to insist on trials of their gear, too. 
 
As soon as Fuller had left to return to California, 
Bureau of Steam Engineering (the Navy’s radio 
people) engineers and officers began the plans for the 
tests of the two transmitters, side-by-side.  Only thing 
was that the Federal arc system was to be installed in 
a way that left no trace, whatsoever, that it had been 
there.  It was to remain on its shipping cribbing, with 
no anchor bolts into the concrete floor or to the wall 

(Continued on page 9) 
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spring clips. At least one long-box superhet (with a set 
of four RICo RF and IF transformers) of the 1924-25 
period has surfaced, and can be seen on several web 
sites.  
 
And most of us grunts have to pay our employer for 
paperclips we take home or Xerox copies we make. 

P ERCIVAL Lowell 
was a National 
Bureau of Stan-

dards employee who, with 
Francis Dunmore, appear 
to have been inventors of 
the built-in power supply 
for a radio receiver, paving 
the way for the production 
of millions of “socket-

power” home receivers throughout the 
“golden age” of radio. They would have 
to fight the Bureau, though, for their pat-
ent rights because the Bureau saw the 
value of the patent, and laid claim to it, as 
employer of the two inventors.  In that 
contest, of course the lawyers came out in 
first place, but Lowell and Dunmore 
placed, and the Bureau showed.  Lowell 
and Dunmore had sold rights to the pat-
ented technology to Dubilier Condenser, 
who had joined in the suit.   
 
But a little investigating into the back-
ground of a strange little TRF receiver 
this editor acquired some time ago re-
vealed that Lowell may have been 
moonlighting while he worked for the 
Bureau of Standards (his employment 
with the Bureau ran from 1913 to July 
1922).  That receiver was made by a com-
pany called Radio Instruments Company 
(RICo), located at 939 D Street NW, 
Washington, DC, who, by the mid-1920s, 
also labeled some of their products Vir-
bren.  Lowell and at least one other Bu-
reau of Standards engineer were working 
for or owned RICo and Lowell was as-
signing patents to RICo in the 1921-1922 
period, which is when he was also work-
ing for the Bureau.   
 
One of the devices he and Dunmore sub-
mitted for patent in 1921 while at the Bu-
reau was a fixed-band-tuned RF trans-
former, initially (1921) made for portions of the AM 
broadcast band, but later (after 1922) moved downward 
in frequency to become prepackaged IF transformers for 
the new sensation of 1924-25 – the superheterodyne 
receiver.  This editor’s  little TRF receiver, made in early 
1921, uses RICo RF transformers and Myers RAC3 
tubes, both mounted on stanchions, a transformer and 
tube paired on each stanchion, both held in place by 

Tidbits 

Upper: One of the RICo RF transformers and its companion RAC3 
tube on left; Lowell 1922 patent drawing of same device on right. 
Lower: Lowell poses at Bureau for publicity photo. Note RICo 
transformers just behind “amplifier unit” sign. 
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or overhead beams.  The overhead crane that would 
be used to move the arc unit into place would have 
the track extensions required for the move taken 
away and the supports for the track removed so it 
would appear a track had never been there.  The 
Navy was assured by their Radio Expert, Dr. Louis 
Austin [6], that there was no way a 30 kW transmitter 
could ever reach as far, as reliably, as the 100-kW 
spark transmitter of NESCO.  Still, some responsible 
Bureau of Steam Engineering engineers had seen the 
Federal system at work in California, and thought it 
could compete.  The public was not permitted to visit 
the Arlington NAA facilities during the preparation 
for these critical tests. 
 
Fuller returned to California and got his crew to work 
on the transmitter.  At the same time, he planned what 
might happen later, namely the demand by the Navy 
for yet more powerful arc systems.  A 35 kW 
machine, completely redesigned by Fuller, quickly 
took shape, ran well at 30 kW, and started its journey 
east, broken into 7 or 8 subsections able to be 
managed by the railroad freight-handlers along the 
way.  The unit arrived in good shape and was soon 
being assembled on its cribbing across from the 
massive 150-kW NESCO rotary spark machine.  The 
Federal workers had to plug their ears when the 
NESCO transmitter underwent test on account of the 
noise made by the rotary spark, estimated by M. L. 
Phillips [7], who had seen a similar transmitter in 
operation in the Philippines, at 120 decibels sound 
level at 50 foot distance.  Both the NESCO and 
Federal transmitters used the same antenna, to be 
switched from one to the other for the tests. 
 

(Continued from page 7) But Fuller and the other Federal helpers noticed 
another smaller building that had just been built 
alongside the main transmitter bay at NAA.  Workers 
were bringing boxes of equipment into that building 
and there was construction going on inside, based on 
the hammering noises and wiring being run to the 
new building for power and phone service, it seemed.  
This building appeared to hold yet more secretive 
business than Federal’s arc transmitter installation, 
the latter kept under wraps just to keep other wireless 
manufacturers from wanting a shot at competing with 
the NESCO machine.  The big secret in the new 
temporary building was that Federal Electric, AT&T’s 
engineering/manufacturing plant, was installing yet 
another competing transmitter there.  This was kept 
secret because the Navy felt they owed Western 
Electric some sort of reward for years of very faithful 
design/development work with little or no return on 
their effort, and, more importantly, because there 
were potential contractors who might be able to 
embarrass the Navy for playing favorites and 
ignoring patent law, upon finding what was 
happening in the building. 
 
The need for this building had its genesis back in 
1911, when Lee DeForest got into financial and legal 
trouble through investment shenanigans by his 
company’s financiers, and fled to California, as noted 
above.  DeForest needed a volume customer for his 
Audion, and now, with it working as a cascaded-stage 
amplifier, rather than just a detector, thought the 
phone company could use it in their long lines as a 
repeater, needed to boost voice signals every so many 
miles along these long lines. In January, 1912, AT&T 
had been made aware of the possibility of using 

(Continued on page 10) 

Left, two of the half-Megawatt Federal arc converters at the Navy station NSS, Annapolis, MD.  Right, 
Ernest Lawrence and M.S. Livingston at Berkeley, with their invention, the first “atom-smashing” cyclo-
tron, made from one of those same Federal arc converters, donated to them by the Navy. 
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Audions as phone line 
repeaters through a visit 
and demonstration of a 
secret “ion controller” by 
Fritz Lowenstein, later 
revealed to be an Audion 
circuit with Lowenstein’s 
patented C-battery added.  
His device worked rather 
shakily, and had to be 
shut down repeatedly.  
His amplif ier  was 
sensitive, but blocked 
when normal long-line 
hum and noise levels 
were fed to it, owing to 
the Audion’s poor 
vacuum.  It was in late 
October that year that 
DeForest brought his two-
stage amplifier for a 
demonstration to AT&T, a 
visit arranged by the well-
respected John Stone 
Stone (who was supposed 
to receive a cut of the 
payment to DeForest, if any was offered) [8].  Next 
day, at AT&T, the Bell Labs expert, Harold Arnold 
[9], immediately grasped what was wrong with the 
amplifier demonstrated, and was told he had a little 
time to work with the device; Arnold thought he could 
improve the Audions.  He re-pumped the tubes, and 
by the end of 1912 he had a new Gäde molecular 
pump, and with it he could run the tubes at 300 volts 
plate voltage rather than DeForest’s 24 volts.  Arnold 
then increased the size of the plates and grids, and 
changed the filament from tantalum to oxide-coated 
platinum.  When he was through he was able to use 
the tube as a phone line repeater, and Western Electric 
produced several types [10] of these tubes just in time 
for installation of repeaters sufficient to open the 
transcontinental phone service in 1915.  While he 
worked, AT&T secured further rights from DeForest, 
covering wireless communications, for an additional 
$90,000.  Now, Arnold hurriedly built larger tubes, 
some able to dissipate up to 25 watts, and able to 
operate at 500 volts on their anodes. 
 
Inside the small building at NAA was Western 
Electric’s first stab at a vacuum-tube transmitter, 
employing a Type 101A triode as oscillator, two Type 
W 25-watt-sized tubes as amplifier, and a final power 
amplifier, using 550 type W tubes, all wired in 
parallel. The number of tubes was guessed-at, being 

(Continued from page 9) 

the most that would match to the NAA transmitting 
antenna, and this amplifier stage had problems ranging 
from shorted tube elements to parasitic oscillations, but 
most were worked out during the shake-out tests at 
Arlington.  In operation, the middle stage, made of the 
two 25-watt tubes, burned out quite often, compared to 
any of the other tubes.  Most of the tubes had no bases, 
but had leads soldered or bolted into the circuit, 
making replacement more difficult than it could have 
been, had more time been allowed.  The tight time 
schedule also crimped the plan to use large sheet-metal 
anode plates in the power tubes, but these outgassed 
too slowly on evacuation pump-down, holding up tube 
production.  The solution was to use flat ribbon 
material zig-zagged to approximate a flat plate, but 
with the ends brought out of the bulb via separate 
leads.  This allowed passing a heavy current through 
the ribbon, and the red-heat generated boiled out the 
occluded gases quickly. 
 
The NESCO transmitter was declared ready for trials, 
so the tests commenced.  Federal had several observers 
on the three ships involved, which sailed promptly for 
Gibraltar on January 15, 1915, as did NESCO and the 
phone company.  Each had a particular component to 
watch, and some had two.  The phone company wanted 

(Continued on page 11) 

NESCO’s 100-kW spark transmitter at NAA, Arlington, VA.  This set uses the 
rotary spark gap like the Brant Rock and Machrahanish stations did. 
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to see how a pure CW 
signal, voice modulated, 
would work out, using a 
receiver with rectifying 
d e t e c t o r,  a  N E S C O 
heterodyne receiver, and a 
Federal “tikker” receiver 
[11].   Federal  was 
concerned about their tikker 
receiver, and its comparison 
with the heterodyne set, but 
r e a l i z e d  t h a t  t h e 
heterodyne’s increased 
sensitivity might help sell 
the Navy on the merits of 
the Federal arc.  Meanwhile 
NESCO was very confident 
that its spark transmitter 
would forge through the 
atmospherics with any 
receiver, but unofficially bet 
on their heterodyne when 
signal propagation times were tough, such as in 
daytime, or aboard ship. 
 
The tests were a shock to everyone present.  The 100-
kW NESCO spark set was expected to run rings 
around both other methods, especially with its much 
higher power.  Its signals came through every night 
and many days at land sites like Gibraltar, but not 
regularly at the less-efficient installations on 
warships, but was shown up by the 30-kW arc set a 
considerable amount of the time, especially when the 
arc set was coupled with the heterodyne receiver. 
Federal’s tikker receiver was found to be a non-
competing player in this game. Functionally, the three 
transmitters were quite different:  The Western 
Electric vacuum-tube transmitter produced pure CW 
Morse and voice-modulated (A3) continuous wave 
signals, both noteworthy for their clarity, frequency 
stability, and ease of understanding, provided, of 
course that for Morse signals the receiver was 
equipped with what we would now call a BFO, the 
Fessenden heterodyne oscillator, which was shut off 
for voice reception. The NESCO spark set had an 
interrupted (about 900 Hz) spark, provided by the 
spokes of the rotary spark wheel, allowing reception 
by a rectifying detector or a heterodyne receiver, the 
latter used to separate multiple transmitters having 
similar interrupter rates.  The Federal arc used 
frequency-shift keying, best received with a 

 continued from page 10 

heterodyne (or BFO-equipped) receiver, making the 
warbling two tones (Morse-modulated and Morse-
complement [or back-wave] modulated).  Not only 
did the Federal arc set stun the Navy with its power 
efficiency and quiet and calm unhurried operation in 
the NAA building, it prompted them to order, 
immediately, Federal arc units for all battleships, 
most cruisers, and some light cruisers, and to order 
100 kW units for shore use, then later, during the war, 
some 250 kW units, a couple 500 kW units, and two 
1,000 kW units.  No more spark transmitters were 
contemplated from that date forward.  The vacuum-
tube transmitter was funded for further development 
for intra-fleet work and for other applications where 
voice modulation was needed.  Armed with the 
DeForest licenses Western Electric (and General 
Electric, after the patent amnesty decree of 1917) 
went on to produce nearly all of the high-quality 
vacuum tubes used by the Navy and Signal Corps in 
the First World War, and most of the aircraft radios. 
 
Very soon after WW1, the Navy discovered the 
potential value of GE’s now-mature Alexanderson 
alternator as the ultimate in CW transmitting, 
displacing the Federal arc to second-place, while the 
world waited for really powerful tube-excited 
transmitters to come along to downgrade both of 
them. That’s the part of the story that lead to the 

(Continued on page 12) 

Some of the 550 Western Electric type W vacuum tubes used to transmit the 
first transatlantic voice broadcast in 1915.  Fessenden’s heterodyne receiv-
ers on Navy ships at Gibraltar picked up the signals when Morse was sent. 
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creation of RCA, then entertainment radio, and the 
retreat of the Navy from center stage to the soup 
kitchen.  But one of the huge 1000-kW Federal arc 
units came back, like a Phoenix, to help win WW2, 
but that’s another story for a later time. 
 
References: 
[1] Fessenden had first got a job with Edison in New York, 
testing underground wiring, until offered a job teaching at 
Purdue.  There he took on side jobs and was noticed by 
Westinghouse workers.  He was invited to accept a 
Westinghouse-sponsored chair at Western University of 
Pennsylvania (later called University of Pittsburgh), went 
there, and did creditable work in the labs.  
[2] Wollaston wire is made by drawing platinum wire out 
until its thickness is microscopically small; this is done by 
mechanically drawing it out, heavily silver-plating it to add 
thickness, drawing it out again, and re-plating it, the 
process repeated several times.  The silver can then be 
dissolved with nitric acid, resulting in unbelievably thin 
platinum wire. 
[3] Later, William Duddell noticed musical tones at some 
arc-type street lights in London, and was able to vary their 
pitch through the addition of coils and condensers, 
producing what became the “singing” arc.  
[4] By the time of this broadcast, detectors capable of 
demodulating signals (rather than simply indicating they 
existed) were common, but some investigators, such as 
James O’Neal, cannot find hard evidence that the 1906 
broadcast really took place.  Fessenden’s wife, who was 
there, tells of it in her biography of him. 
[5] This was one of Fessenden’s rotary spark gap 
transmitters, using a rapidly-rotating spoked wheel as part 
of the spark gap.  These transmitters were made up to 100 
kW in power rating by NESCO. 
[6] Austin was originally a National Bureau of Standards 
official, then loaned to the Naval Radio Telegraphic 
Laboratory, which was located in the Bureau of Standards.  
His salary was paid by the Navy. 
[7] Marcella Phillips installed and trained operators of 
ionospheric sounders and data interpretation in the 
Philippines and southeast Asia before the Second World 
War, and recalled being shown both alternator-powered 
transmitters and rotary-spark machines there. 
[8] AT&T offered $50,000 to DeForest for repeater 
licensing of the Audion, but quickly found that DeForest 
had doubtful ownership of the patent rights in the first 
place, because of past bankruptcies and court decisions.  
AT&T had to first clear these ownership issues, a factor 
that gave Arnold some time to work out whether the 
Audion could be made useful; it was in DeForest’s best 
interest to be patient in the sale of the rights to AT&T while 
they cleared up the ownership problem; a less scrupulous 
company would have stolen them.  DeForest came to 
understand this, and was willing to settle, later, for a 
reasonable amount for full (RF included) rights to the 
Audion. 

(Continued from page 11) 

[9] Arnold had a background that included work with 
Robert Millikan and Harvey Fletcher at the University of 
Chicago on basic electron theory and experiments on the 
existence and mass of the electron. 
[10] Tyne, Gerald F. J., Saga of the Vacuum Tube, Howard 
Sams Publishers, ISBN 10: 0672214717. The first repeater 
amplifier tubes, without bases, were types A and B, later 
refined further and mounted on bases to become type M 
(101A) and then L (101B), all ruggedized by the addition 
of internal glass supports, oxide-coated filaments, ladder-
shaped dual grids and dual plates, the type L yielding 
lifetimes of 4500 hours, on average. This is far removed 
from the Audion, which lasted about 40 hours. 
[11] Federal’s “Tikker” was an interrupter inserted in series 
with the receiver signal circuit, breaking a Morse signal 
into a chopped tone-modulated set of dits and dahs.  Others 
copied the idea, and some used the interrupter to short 
turns of the receiver’s antenna coil, thus achieving the 
same result on the signal tuned-in, without chopping up 
interfering signals as well. 
 
More Reading: 
For a good account of the Western Electric early (1912-
1918) developments in vacuum tubes, read Gerald E.J. 
Tyne’s Saga of the Vacuum Tube, available at many antique 
radio meets . Tyne also gives a good explanation of 
European tube development of the same period. 
 
 

While the Fleming-vs.-DeForest patent infringe-
ment stalemate slowed triode development in 
America and Britain, broken here only by the 
Navy’s emergency WW1 amnesty decree, tubes in 
Europe kept on developing.  In Germany, wartime 
nickel and steel shortages led to substituting cop-
per for both anode and grid in this early Tele-
funken EV-73 triode. 
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O NE might find, on Ebay or some other web fo-
rum:  “Here is a 6L6 Bogey tube measured at 
actual tube values per the manufacturer’s 

printed specifications. This tube is measured with two 
laboratory testers to an accuracy of 1.5% of the tube’s 
true/actual Mutual Conductance (Gm) value."  While 
this could be from a site which would love to sell you a 
"bogey tube", it actually expresses one reason why a 
"bogey" tube may not be such a good investment. 
 
Here's the logic of the situation:  1) a tube will always 
measure a different transconductance under different 
operating conditions, although, depending on the tube 
and the operating conditions, the difference may range 
from immeasurably small to very large.  Remember, 
tubes are fundamentally non-linear.  2) If you want to 
use this bogey tube to calibrate or to check the calibra-
tion of your tester, it is almost certain that your tube 
tester, whatever brand or model it may be, will NOT be 
testing at the tube manufacturer’s printed specifications, 
whatever they may be.  Only a few of the very high 
range testers can easily do this and they are rare and 
usually very expensive.  So the transconductance of the 
bogey tube as measured by your tester most likely will 
not be the same as the value written on the bogey tube 
because it was measured at the "manufacturers printed 
specifications" and not at the conditions set by your 
tester.  Unless the bogey tube was also tested at the 
same conditions that your tester actually uses, you have 
no way of knowing whether the value written on the 
tube is anywhere close to what that tube actually should 
measure on your tester when and if your tester was ac-
curately calibrated. 
 
 On the other hand, most of the time your tester meas-
urement and the bogey tube should be "close" as long as 
the tube was properly measured on a tester model like 
yours to begin with and your tester is reasonably well 
calibrated.  In addition, use of a bogey or calibration 
tube will often be more accurate than the intrinsic accu-
racy of the tester anyway (at least for most service grade 
testers) and is fast and relatively easy to use.  The bogey 
tube/calibration tube method is generally more conven-
ient as well. 
 
Consider the following statement, also taken also from 
the internet. "There is NO OTHER WAY to calibrate a 
Hickok or an AVO than use a precisely known tube"   
Taken as a generalization, this statement is simply in-
correct.  There are at least two other general methods of 
calibrating a tube tester, neither of which require the 
purchase of a separate bogey/calibration tube and both 

of which are potentially more accurate.  However, in 
practical terms, in many cases the use of a bogey tube 
may be the easiest way to gain confidence in the tester’s 
readings, at least for that tube type. 
 
So if you don't use the calibration/bogey tube method, 
what are the alternatives?  The first is sometimes called 
the "grid shift" method.  This essentially uses the tester 
as an emissions-only tester.  A DC grid to cathode/
filament voltage (either internally or externally derived) 
is used to bias the DUT (Device/tube Under Test) and 
the resulting plate current is measured.  A second meas-
urement of the plate current is made at a slightly differ-
ent grid to cathode/filament voltage.  The difference in 
the measured plate currents is divided by the difference 
in the bias voltages and the result is the transconduc-
tance at a bias voltage approximately half-way between 
the measured grid to cathode voltage values (i.e., their 
average).  What this actually does is to enable you to 
measure accurately the transconductance of any tube 
including the bogey/calibration tube at the actual condi-
tions of your tester.  This, in turn, allows you to calibrate 
the transconductance circuits in your tester to the correct 
value for that tube or to check your tester for accuracy 
using that tube.  Note that this method, while it can be 
used on transconductance measuring or emissions only 
testers, essentially by-passes the normal transconduc-
tance-measuring circuitry, if present.  In essence, you 
are making your own bogey tube. 
 
The downside of this method is that, for many testers, 
this method would require significant modifications to 
the tester or the use of an adapter for the DUT or both.  
Also, although it could be used, in principle, for accu-
rately measuring the transconductance of any tube, it is, 
to say the least, inconvenient and negates the ease, 
speed, and convenience of using a tube tester in the first 
place. 
 
The second method substitutes a known value resistor in 
series with an adjustable AC voltage source as a nearly-
constant source of AC current in place of the DUT.  
Usually, for Hickok testers, a 10K resistor is used, and 
any other resistances in the transconductance measuring 
circuitry and the rest of the tester are ignored.  The im-
plicit assumption is that the resistance in the rest of the 
set is negligible compared to the 10 K resistor.  How-
ever, for really accurate calibration, this resistance can-
not be ignored and this is a source of error in the usual 
Hickok calibration procedures.  This method can 
achieve high accuracy, but you must be able to either 
calculate or measure the TOTAL resistance in the cur-

TUBE TESTER TOPICS: TO BOGEY OR NOT TO BOGEY 
By Mike Higgins 

This article supplements Mike’s recent Radio Age article on tube testing. A “bogey tube” is a tube whose transconductance 
has been accurately determined so it can be used to calibrate or check the calibration of a tube tester. 
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you have a tube tester whose design allows you to re-
verse the filament voltage polarity easily, you should 
check any potential bogey/calibration tube to make sure 
that it gives the same transconductance reading regard-
less of the filament polarity.  The practical significance 
of all this is that if you have a 6L6 calibration tube that 
was measured with phasing that is the opposite of what 
your tester uses, the measurement might be as much as 
1000 µmhos different from what what is written on the 
bogey’s label [2]. 
 
Another tube type occasionally seen sold as a calibra-
tion checking tube is the 12AX7.  This also can be an 
extremely bad choice, but for an entirely different rea-
son.  The linear range for a 12AX7 tube is only from 
about 0 volts to about -1.5 or -2 volts for the bias volt-
age. This tube would; therefore, not be suitable for cali-
brating or checking any tester that used more than about 
0.5 volts for the AC control grid testing signal as it 
would drive the 12AX7 tube tube into cut off or positive 
control grid voltage operating regions for at least part of 
the cycle. 
 
The most legitimate use for a bogey tube is as a verifi-
cation or check tube.  After you have your tester cali-
brated, carefully measure your "calibration" tube, mark 
the value, set it aside, and use it every once in a while to 
check that the tester still reads the same value.  If it 
reads a significantly different value at some point, then 
it is time to re-calibrate the tester. The bottom line here 
is that if you have a service grade tester (which is not 
likely to be highly accurate no matter how you calibrate 
it) or are not concerned about having a highly accurate 
tester, a tester calibrated with or checked with a calibra-
tion/bogey tube is probably going to be acceptable and 
has the virtues of being fast, easy and convenient.  If 
you desire high accuracy and have a tester capable of it, 
there are better ways. 
 
References: 
[1] The heater setup controls are the first two listed on the 
Hickok 539B roll-chart, identified by Roman letters rather 
than numbers.  For the 6L6 bogey, socket pins 2 and 7 are 
the heater connections, accessible with Hickok 539B 
switch settings H and S, or, to reverse “polarity” of the 
heater voltage, with settings C and X.  
[2] Daniel Schoo, in his AudioXpress web article (http://
ampl i t rex .nl /wp-content /up loads /Hickok-539C-
Calibration-AudioXpress.pdf), explains the “AC Heater 
Hum” problem found in many tubes tested on Hickok (and 
other) testers, and its effect on Gm readings.  He also 
shows how to upgrade the tester to eliminate the problem.  
To determine if a tube under test has the problem, and then 
find the correct Gm, read the tester value of Gm for both 
heater polarities, as Mike indicates, and average the two 
Gm readings. 
 

rent loop and this can be a major drawback unless you 
can get this data from someone has who has already 
worked out the correct values for the specific make and 
model of your tester, and this kind of information is 
generally unavailable. 
 
There is a possible variation in the above method.  You 
would need a meter that can accurately measure the 
small AC component of the plate current without being 
affected by the much larger DC component of the plate 
current which is normally present, or similarly, to be 
able to measure the AC component of the voltage across 
the 10 K resistor (in which case you accurately measure 
the resistance of the resistor and calculate the current 
using Ohm's law).  In either case, things become easy.  
You simply adjust the AC current source for the desired 
current needed to give full scale meter deflection for the 
transconductance range being calibrated and calibrate 
the tester accordingly. 
 
There are also pitfalls in the calibration/bogey world 
which have to do with the type of tube chosen as the 
bogey/calibration tube.  For example, there can be a 
surprising interaction between the 6L6 tube, which is 
the type that is most often chosen for a calibration/
bogey tube, and the transconductance measuring circuit 
used in most Hickok tube testers (used as well as by 
other manufacturers after the Hickok patent expired).  
There can be a large offset in the transconductance 
measurement for some 6L6 tubes on such testers de-
pending on the phase of the AC filament voltage being 
used to heat the filament.  For example, I personally 
have one 6L6 tube which measures perfectly good but 
which reads a 1000-µmho difference (as measured on 
my Hickok 539B tester) depending on whether the fila-
ment is connected as HS as specified on the roll chart or 
as CX [1].   The above change simply reverses the fila-
ment connections, something which should have abso-
lutely no effect on the transconductance measurement 
but which does have a large effect on the actual meas-
ured value for this tube when certain testers, like the 
Hickok 539B, are used.  This tube has no measurable 
heater-cathode or other leakage.  (This effect is not lim-
ited to 6L6 tubes, by the way.)   
 
The standard Hickok transconductance bridge circuit is 
susceptible to becoming unbalanced by any 60 or 120 
cycle "noise" source and my best guess is that in this 
instance, it represents modulation of the electron stream 
in the tube due to an interaction with the electric or 
magnetic field created by the 60 cycle heater excitation 
or possibly from 60 cycle modulated electrons coming 
from directly any portions of the filament bundle that 
might extend beyond the cathode sleeve.  It is highly 
variable, with most 6L6 tubes showing little effect.  If 

(continued from page 8) 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: JFRADIO@aol.com 
 
F o r  S a l e :  R C A / N i p p e r 
Maintenance mats, new old stock 
(probably 1980s), red vinyl, black 
cloth backing, 51 by 31 inches, 
1.3 lbs. Two Nipper (dog and 
Victrola) logos with words"RCA 
Replacement Parts" in white at 
top and bottom. Mats were 
intended for use by technicians 
repairing electronics in your 
home. Mint, folded in original 
stapled plastic bag, with insert 
printed "RCA Stock # 1F8084". 
Fine display table coverings. $43, 
or two for $78, postpaid in U.S. 
Email or phone for picture or 
more info.  Alan Diamant, 108 
Redwood Drive; Madison, AL 
35758; 256-325-4600, email: 
amdiamant@aol.com.  
 
For Sale:  Reproduction knobs 
and rubber parts for vintage/
antique radios. (Latest product: 
lever buttons and push-buttons 
for Belmont table radios) See 
www.RenovatedRadios.com to 
see the full selection of radio 
parts. Or call: (586) 876-9802 
(Leave message)  Ed Schutz 
b l a c k s m i t h @ 
RenovatedRadios.com 
 
FOR SALE: VINTAGE RADIO 
& AUDIO PARTS BUSINESS. 

 I have been selling radios,  
audio, tubes, Sams, books & parts 
on the internet since 1998 at 
vintage-electronics.com & by 
catalog for almost 20 yrs before 
that. However, the warehouse I've 
been renting  is up for sale & I 
might not have a home for all these 
items in the near future so it's time 
to downsize. For that reason, & the 
fact I'm not getting any younger, I 
plan to sell parts of the business.  I 
am offering for sale the Parts, 
Sams & Books segments of the 
business. The prices are very 
reasonable for any or all 3 of those 
businesses. Please contact John 
Kendall at vintel@comcast.net for 
more information.  
 
For Sale:  
(1) 1929 Majestic Model 72 
double-door highboy console 
(Model 72B TRF chassis), cabinet 
refinished, working, $150.  
(2) 1933/34 Philco Lowboy 
Console Model 89L, cabinet 
refinished, working, $110. 
(3) Atwater-Kent Model 55 
Lowboy Console, cabinet in 
excellent condition, radio works 
but some audio distortion at high 
volume settings, $115.  
(4) Johnson Viking Pacemaker 
SSB exciter, working, excellent 
condition w/manual, $275. 
(5) Collins 75A2 ham receiver w/
speaker,  clean w/manual, $350. 
Offers considered on all items.  
Pickup in Fairfax City. Pictures 
available via email. David 
Frohman, dfrohman@verizon.net. 
 

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

 

Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 

Wanted: A Bendix Model 526B  
in white Bakelite cabinet in good 
condition, knobs included,, working 
or repairable.  This model was my 
mother’s radio.  Mac Shawe, 6405 
Fairborn Terrace, New Carrollton, 
MD 20784; 301-552-2316.  
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MAARC Your Calendar! 
 

Sun., Jan. 18 RadioWinterFest—2015!! MAARC’s winter-time old radio 
plus ham gear plus audio gear meet at the National 
Electronics Museum in Linthicum, MD .  Starts about 9 am.  
Complete details were in December issue Radio Age.  Whole 
meet is indoors, out of the weather.  Flea-market table rental, 
tour the museum, attend the auction. 

Sun., Feb. 15 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table: Metal-cabinet radios; 
Presentation: SUPER SHOW-’N’-TELL. 

Sun., Mar. 15 .MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table: Transceivers (tube-type); 
Presentation: Paul Hart on radio piracy, and Auto Radios. 

Sun., Apr. 19 MAARC meeting at Sully Community Center, Centreville, 
VA. See March Radio Age for map and directions. Tailgating 
at 11:30, meeting at 1:30. Display table: Audio Gear (tube 
type); Presentation: Life and times of a modern radio station 
engineer. 

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