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In recent memory these pages [1] have related the wartime story of how German Luftwaffe scientists were able to 
"ride pick-a-back" on the British early-warning radar system known as Chain Home, using a system they called 
Klein Heidelberg. With this receive-only equipment, they were able to detect and locate Allied aircraft enroute 
from British bases to mainland Europe. The reason this subject comes up again today is that one of the Luftwaffe 
research scientists who helped develop Klein Heidelberg was Paul von Handel, a bright gentleman who spent his 
post-war years working for the Institutes for Defense Analysis (IDA) as a technical advisor in American defense 
electronics, primarily supporting government research agencies. 

I
N early 1959 Dr. Paul von Handel had been 
assigned the job of reviewing a proposal my 
company had submitted to ARPA (now DARPA, 

the Defense Advanced Research Projects Agency), a 
then-new Department of Defense research 
organization. In the proposal we had shown our 
intention to include construction of a phased array 
antenna for receiving 
shortwave radar signals, and it 
was this antenna that caught 
von Handel's attention. He 
called and asked to be invited 
out to our plant for a 
discussion, and that same 
afternoon he was sitting in our 
small conference room opposite 
Bill Whelan (our division 
president) and me (representing 
Engineering and Research). It 
was in this meeting that von 
Handel described to us the 

wartime German development of the Wullenwever, 
a huge circular array of broadband monopole 
antenna elements surrounding a large cylindrical 
reflecting screen. He had recognized the functional 
similarity of our phased array of broadband 
monopoles to the former Wullen-wever, and 
suggested that we might try the same sorts of mono-

poles the Germans had 
used, designed by Meinke, 
who worked for Prof. 
Rindfleisch [2]. He also 
noted, with a wink, that 
the U.S. Air Force was, at 
that very moment, having 
several Wullenwever-type 
circular antenna arrays 
designed for use in Italy 
and England, but that they 
were using inferior 

(Continued on page 3) 
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Figure 1. Chicksands AFB, England, site o 
early USAF "Wullenweber" intercept antenna. 
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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. 

Map — Davidsonville Family 

Recreation Center (not to scale) 
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(Continued from page I) 
monopole designs. He hurriedly added, "... but 
there's no use my criti-cizing; it's so hush-hush they 
deny its very exist-ence." Fig. 1 shows one such 
Wullenwever-type array designed in 1962 by Sylvania 
and installed in 1963 at Chicksands Air Force Base in 
England [3], apparently one of the Air Force systems 
hinted at by von Handel. Fig. 2 shows a wartime 
drawing of a German Wullenwever, with its bird-cage 
elements with flat-tops (or "top-hats"), along with a 
poor photo of the German array. 

We agreed to erect a test array of the German-design 
(top-hatted cylindrical cage) monopole elements, and 
make comparisons against the already proven 
polyconical broadband monopoles we had designed 
and were at the time installing in phased-array 
receiving antennas in eight clandestine shortwave 
radar stations, most of them overseas [4]. He thought 
that was fine, and reminded us to call him when 
testing began. In a few days a package arrived in the 
mail from von Handel. It contained Wullenwever 
antenna drawings "liberated" in 1945 from a 
Luftwaffe signals-intercept site building in Denmark 
by a Dutch worker named Albert Veldhuis. Veldhuis 
had also emigrated to America, and worked as 
primary antenna designer at Wind Turbine Company, 
near Philadelphia. We contacted Veldhuis and 
ordered eight of the broadband Rindfleisch 
monopoles and a back-screen suspended behind the 
array of monopoles by five tall guyed lattice towers. 
He was startled and delighted to get the order for 
something he had never imagined would ever be built 
again, the 1943 Wullenwever antenna elements. 
Comparison pictures of the Wind Turbine Co. 
Wullenwever cage-type monopole element and our 
own polyconical monopole are shown in Figs. 3 and 
4. 

Within a few months the linear array of our own 
polyconical monopoles and a similar array of von 
Handel/MeinkeNeldhuis Luftwaffe-style monopoles 
were erected at the Muirkirk, MD test site [5] and 
were starting to be tested. We remembered to call Dr. 
von Handel, and he promptly dropped what he was 
doing and came up to Muirkirk to observe the testing. 
As he looked over the receivers in use, he suddenly 
exclaimed, "Mein Gott! Wo haben Sie jemals die 
Luftwaffe-Empfânger erhalten?" and then he 
apologized for the German and said, "My gosh! 
Where did you ever obtain those Luftwaffe 
receivers?" and he pointed to the two National HRO-
50s we had pressed into service while waiting for our 
order of HRO-60 sets that were at that moment 

Figures 3 and 4. Top-Hatted Rindfleisch monopole 
(L) and our polyconical monopole 0, in test 
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Figure 2. WW2 drawing of German Wullenwever 
antenna array of " hatted" birdcage monopoles. 
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(Continued from page 3) 
suffering delivery tardiness. Then he took a second 
look and answered his own question, but wrongly. 
"Oh, I see, they are American copies of the Siemens 
receivers we used in trials in the Wullenwever. You 
can't imagine how much I appreciate the gesture. 
even though they are but copies of our old sets!" 

Bill Prechtl, chief of our Muirkirk technicians, and a 
consummate ham and HRO fan, bristled visibly at 
von Handel's remarks, and I could see his jaw 
muscles tightening. It took some time, and a 
combination of explanation of HRO history and 
examination of the receivers to convince von Handel 
that not only were these HRO-50s designed and made 
in America, but that if he saw something similar in 
wartime Germany, then those were either American 
HRO receivers or copies. 

During the last quarter of 1934, Jim Millen, president 
of National Company (Malden, Mass.) gradually got 
weary of apologizing to the U.S. ham community for 
the seemingly endless delays National was 
experiencing in putting their masterpiece receiver, the 
HRO, on dealers' shelves. His one-page news squibs 
in QST tried to keep the amateur's interest piqued, 
and in December, his "Number ten of a series" squib 
on page 69 of QST told the hams how much trouble it 
had been to iron out all the instabilities, dial-reading 
errors, frequency-drift, and temperature problems 
discovered in the testing of this new receiver, and at 
one point in the note he wrote that "... First shipments 
of the HRO will probably be made about the time 
you read this page..." in an effort to persuade the 
hams to be patient (and not to spend their hard-to-
come-by money on some lesser receiver in this 
particular Christmas season, just because it happened 
to be available). 

The first shipments of the HRO actually started 
leaving Malden in March, 1935, and many of these 
early sets went to the airline industry, who could 
better absorb the nearly $300 price tag for a receiver, 
a coil set, power supply, and loudspeaker, all ready 
for rack mounting. The few hams who could afford 
one, and who were lucky enough to find one at a 
dealer's store, were more than pleased with the set. 
The main feature of the radio, aside from its stability, 
selectivity, and sensitivity, was that velvet-smooth 
dial drive. Patented a tad late (application dated June 
4, 1936) by National's W. G. ("Gray") Smith [6], the 
large dial knob had a built-in gear system along with 
a clever vernier dial-marking scheme that allowed ten 

Figure 5. Early HRO, with German silver dial. 

turns to be logged, without the clacking of a Geneva 
turns-counter, as many other multiple-turn dials used. 
This unique knob/dial drove the worm shaft of a 
worm-and-ring-gear transmission which turned the 
four-gang variable tuning capacitor. The gearbox sat 
in the center, between gangs two and three. This 
capacitor had strategically located aluminum, brass, 
and steel components that were carefully combined to 
compensate for temperature-change-induced 
variations in capacitance. Fig. 5 shows an early HRO. 

By 1936, the basic price for the HRO had dropped to 
about $ 170 (less speaker and band-spread coil sets) 
and an HRO-Junior model was also available (for 
$99) that had no crystal filter for the IF amplifier and 
was not designed for band-spreading. The airline 
companies and other commercial communicators 
sought the full-scale HRO, pronouncing it the best 
receiver available [7]. Hams loved the set, and soon 
got used to logging the dial reading for later look-up 
on an engraved chart for conversion to actual 
frequency, a necessity with this sort of tuning dial (0-
1000), and needed by hams for logging purposes. A 
bit later in 1936, National began shipping their NC-
100, a more conventional ham set with the same dial 
knob system, but without the full worm-drive four-
gang capacitor and plug-in coil sets [8]. In December 
1936, the NC-100 had been morphed into the NCX-
100 and the NC- 101X, both having crystal filters for 
sharp tuning, the NC-101X also being strictly for 
hams, tuning only the ham bands in an extreme 
bandspread mode (imagine ten full dial turns to 
traverse a ham band!). 

But another whole genre of customers began buying 
up the available HROs. These included the U.S. 
Army and Navy and several foreign importers. The 
English had discovered the HRO in scientific attaché 
visits (raids?) to "radio row" in New York, bought a 
few and sent them home for evaluation. The code-

(Continued on page 5) 
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(Continued from page 4) 

breakers at Bletchley Park found these radios to their 
liking, and put in requisitions for large quantities of 
the receivers. The first HROs to find their way to 
Britain were the very early models using 2.5-volt 
tubes, expensive German silver tuning dial/knobs, 
and were bought without the bandspread coil sets. 
By the time the large British purchase orders arrived 
at National, some changes in the radios had taken 
place, and the word was out that 6.3-volt tube models 
were soon to be available. Jim Millen had warned 
U.S. hams that the 2.5-volt tube model was better, 
because "6.3-volt tubes have spurious a-c modulation 
because of the higher heater voltage." This was news 
to most tube manufacturers and radio designers, and 
they disputed the claim, writing it off as Millen's way 
of trying to unload the remainder of suddenly-less 
popular 2.5-volt receivers. Fig. 6 shows the inside 
view of a 6.3-volt HRO, with its 6D6s and 6C6s. 

The Brits received a series of shipments of 2.5-volt-
tube equipped HROs in 1937 and 1938, and then 
received 6.3-volt models thereafter. They had been 
converting all their sets to 6.3-volt U.S. tubes 
available through Canada, anyway, and were pleased 
to find that their choice of tubes to replace the older 
types corresponded closely with what National ended 
up with. Bletchley Park operators racked up banks of 
these HROs and put large tuning plots on the walls 
next to the receivers for quick conversion of the dial 
readings to frequencies. Meanwhile the Navy 
informed Millen: "Start making HROs; don't stop 
until we tell you to." Likewise, RAF's Coastal 
Command liked the HRO for its stability and 
sensitivity aboard their reconnaissance aircraft. By 
1939, the British had imported over 1000 of these 
receivers, and well over 10,000 were eventually used 
by the British military and Bletchley Park, theirs 
called HRO-M models. After 1943, the HRO would 
be equipped with the more rugged and self-shielded 
RCA metal tubes like 6K7, 6J7, 6H6, and 6J5, with a 
6V6 output stage, and could be equipped with coils to 
expand the operating frequency base upward to over 
50 MHz and downward to cover the LF maritime 
bands, especially for Coastal Command and the 
Royal Navy. 
National was also aware of large purchases of the 
HRO receiver from 1937 onward by Portuguese 
importers, quite obviously for sale to the Germans 
and Italians. German diplomatic corps members had 
already shipped (by diplomatic pouch) a few of these 
radios to Berlin after New York shopping sprees, and 
the Luftwaffe's Col. Wolfgang Martini had these sets 

31M.,111, c." 
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Figure 6. HRO under the lid, with al sh,eided tubes, 
except audio output stage on left. Fabled Gray 
Smith gearbox is at bottom-center, with NC logo. 

sent to the Keening firm for outfitting with a suitable 
set of power supplies for vehicular, field, and aircraft 
uses. Tests showed the qualities of the radios, and a 
batch of 100 of them were brought in from the 
Portuguese importer for adaptation to German 
standards. Wining suggested converting the tube 
lineup to German tubes, and the recently-introduced 
line of steel-envelope tubes (Stahlróhren) was used. 
This receiver was then called the KST, and found use 
in many HF direction-finder installations [9]. Fig. 7 
shows the front view of the KST, while Fig. 8 shows 
its insides with the Stahlriihren replacing all but the 
audio output tube. Later, Siemens would convert 
more of the KST circuits over to German Wehrmacht 
standards, including replacement of most all the 
American circuit components. But the precious 
"Gray" Smith dial, worm-drive transmission, four-
gang variable capacitor, and coil sets were retained, 
and these HROs, now called Model R-4 (often called 
R-IV), were put to use alongside the KSTs in signals 
intercept stations, eventually including the 
Wullernvever. The only material circuit changes were 
the conversion of some coil sets to higher frequency 
bands, such that the receivers now covered from 185 
kHz to over 45 MHz [ 10], and the change in IF from 
456 kHz to 468 kHz. Fritz Trenkle, in a series of 
books on German receivers and transmitters up to the 
end of the war, described the R-IV in several roles, 
including clandestine agents' stations emplaced in 
foreign lands, and operated by the Abwehr [ 11]. Fig. 
9 shows one such set, from his book. 

During the Battle of the Atlantic, British Short 
Sunderland flying boats were used to hunt U-boats, 
and German Focke-Wulf Condor long-range patrol 
aircraft searched for convoys of Allied ships hauling 

(Continued on page 6) 
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(Continued from page 5) 
war materiel to Britain and Russia. In addition, the 
Condors often sought out RAF fighter signals at VHF 
[12], and while doing so occasionally picked up 
coded messages from Sunderland patrol aircraft. 
Both aircraft used a variety of receivers from time to 
time, including the HRO on Sunderlands and KSTs 
on Condors, virtually HRO-versus-HRO.. The use of 
KST or R-4 receivers on a wide range of platforms, 
from aircraft, armored vehicles, communications 
trucks, Abwehr agent hideaways, and bunkers to 
ships at sea was made possible because the receiver, 
proper, needed no changes to work in these different 
environments; only the power supply had to be 
changed to suit the prime power available. A range 
of power supplies employing dynamotors, vibrator 
inverters, and ordinary transformer/rectifiers were 
made in quantity and pressed into this service, by 
both Germany and Britain.. 

It is interesting that, in all these same roles ordinary 
"ham" receivers had been tried and discarded earlier 
by the Luftwaffe when they found that after a rather 
expensive conversion to military component 
requirements it yielded a set that was quite 
microphonic — sufficiently so that from its 
loudspeaker could be heard the clacking of a 
typewriter being used on the same table that 
supported a Hallicrafters receiver. The need for a 
large number of receivers capable of extremely stable 
frequency-setting, high sensitivity, and extraordinary 
IF tuning sharpness (in other words, Jim Lamb's 
touted 'single-signal' receivers [ 13]), however, 
overwhelmed the German industrial capabilities, 
though, and that is what prompted Colonel (later 
Brigadier General) Martini to give the Germanized 
HRO a shot at filling a vital gap in the Reich's signals 
intercept capability. 

On the Allied side, the British felt the same way. 
They had some excellent shortwave receivers of their 
own, but the need for extremely stable, sensitive 
receivers was too pressing to permit the wait for 
British industry to catch up, so the obvious choice 
was to shop around in North America. There they 
found the HRO, and in a few years, the RCA AR88 
[14], by which time the HRO had progressed from 
the long-legged glass 6D6 and 6C6 type tubes to 
metal octals. Both receivers had their champions 
among the Brits, and both saw service in large banks 
of intercept receivers at Bletchley Park. Strangely, 
both in Germany and Britain, operators would often 
check the exact frequency of a new intercept by 
referring to the tuning charts for the HRO, even 

Figure 7. Karting KST receiver, after restoration 
by a German ham, who had adapted a coil set to 
20-meter bandspread. 

N 

Figure 8. 8. Inside the KST, with Stahlriihren tubes. 
Compare this picture with Fig. 6, the HRO. 

though the competing receivers (AR88 in Britain and 
Telefunken Fu H.E.c. in Germany) both had direct-
frequency-reading dial scales. 

Kiirting's refitting of the "imported" HROs with new 
metal tubes (Stahlróhren) was a very good move for 
the moment, at least. All substitutions were 
straightforward, using the EF11 and EF12 for the 
remote-cutoff and sharp-cutoff (57 or 6C6 and 58 or 
6D6) pentodes, respectively, and EBF11 and EL11 
for the second-detector/audio and output tubes, 
respectively. When Siemens finished converting it 
to the R-4, it also had metalized film resistors and 
German capacitors, as well. The metal tubes 
outperformed the 2.5-volt and glass 6.3-volt tubes in 
the HRO, and permitted Wining to rework excess 
HRO plug-in coil sets for higher frequencies. The 
KST then operated from well below the AM 
Broadcast band to about 45 MHz, allowing intercept 
service against aircraft signals, armor, and field 
radios (walkie-talkies) [ 15]. In the long run, 
however, the metal tube supply in Germany began to 

Radio Age • September 2013 MAARC's web site: www.maarc.org page 6 



(Continued from page 6) 
fall short of needs after the Allied 
bombing became serious, and 
many German military radios had 
converted to the "universal" 
miniature RV12P2000 type tube 
for essentially all functions, and all 
tube manufacturers in Germany 
made this type tube in large 
quantities. 

Dr. von Handel told us that day in 
1959 at Muirkirk that he had seen 
the Siemens R-IV in use in the 
Wullenwever site in Denmark, and 
had witnessed many tests of 
Luftwaffe intercept stations in 
which KSTs or R-IVs were in use. 
He thought the Karting KST 
receiver had been upgraded by 
Siemens in making the R-IV 
simply because Karting was not 
accustomed to front-line military 
electronics. He said that the 
reluctance to use the R-IV even 
more extensively was its failure to be successfully 
converted to 100% "universal" pentode (RV12P2000) 
usage. He seemed to remember that the miniature 
"universal" tubes had not worked due to instabilities 
in the RF and IF amplifiers, all stemming from 
problems in the "universal" tube's socket 
construction. The result was that the receiver was 
declared unsupportable, and had to be replaced by 
receivers not using the older steel tubes [ 16]. 

A wartime photo of the KST, as used in operator's manuals, showing a 
typical plug-in coil set and one of the many possible power supplies. 

Horchempfânger KST ( 185 kHz-45 MHz) 

That big Gray Smith dial/knob in the middle of the 
front panel was the giveaway as to receiver type, and 
von Handel could be forgiven for thinking our HRO-
50s were copies of those fondly-remembered German 
radios, the Karting KST and Siemens R-IV, 
themselves being copies of the HRO. 

Forgiven by everyone except Bill Prechtl. 
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Gray Smith's patent for the HRO dial. 

This 1936 picture of Alice Bourke, W9DXX, Chicago, shows a National HRO alongside a National AGS 
from a couple years earlier. Note HRO coil sets stacked above HRO, and AGS individual coils plugged 
into blank sockets above speaker. Picture is in the Western Historic Radio Museum. 
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PUTTING THERMS IN THERMIONIC CATHODES 
BY ED LYON 

Most radio collectors have a good notion of the way radio tubes developed over the years, starting midway through World 
War I. (The tubes in the 10 years to that time must be classed in the "pre-history" category, as development was slow and 
kept hidden.) First, and for a relatively long spell, there were simple filamentary-cathode three-element tubes — then, indi-
rectly-heated-cathode (real socket-powered) three-element tubes, these arriving on the market at nearly the same moment as 
four element tubes — first filamentary, then with indirectly-heated cathodes. Then five elements seemed to be the acme of 
tube development — until the pentagrid (seven elements or more) became almost a necessity in inexpensive radios. All these 
tubes' cathodes needed heat—well except for a few, like the OZ4, and we will look at the heating process here. 

As tubes became more complex, and market pres-
sure to "domesticate" them grew, there were side-
steps into unusual technological territory. Like, 

for example, when the long reign of filamentary triodes, 
like the ubiquitous 01-A, was becoming wearisome, and 
the promises of "socket-power" by the radio marketeers 
and journalists began to get repetitious, how did the engi-
neers and scientists in the tube business react? 

Answer: in several directions. First, a Western Electric 
(WE) staff member (and British subject) named Alexander 
McLean Nicolson began experimenting with an indirectly-
heated cathode for ordinary three-element WE telephone 
repeater tubes in 1914. His objective, however, was not 
connected with allowing the tubes to be heated from ordi-
nary "socket-power" a-c power lines, but instead, to get all 
parts of the cathode to operate at the same bias voltage 
relative to the control grid, achieving the "unipotential" 
cathode. 

Problem with filamentary cathodes is that one end of the 
cathode is at one voltage and the other end is at a different 
voltage, so one end contributes more electrons to the tube's 
plate current than does the other. Tricks like spiraling the 

control grid nonuniformly over the length of the filament 
didn't work well, mainly because that forced the filament 
to be always a single strand, not a V- or W-shape like WE 
needed, for efficiency. Nicolson's fix was to make the 
cathode of a thin tubular metal shape, coated on the outside 
with "cathode" material (oxides of strontium, barium, etc.), 
and through which a strand of ceramic-insulated heater 
wire was run. A-battery current through the heater wire 
heated it, and it radiated heat to the cathode tube surround-
ing it. Nicolson got it to work, wrote a patent disclosure 
in April 1915, and received a patent [ 1] in 1923 (eight 
years later!). The invention led to a line of three WE tri-
odes [2] that found their way into aircraft receivers, and 
were manufactured and sold by WE until the early 1970s. 
But this invention never found its way into radios for the 
home, because of the legal arrangements between the Tele-
phone Company and RCA's Radio Group, which kept 
WE's products out of entertainment radio. 

It might be noteworthy that this same Nicolson fellow also 
applied for a patent in 1918 [3] for a tube whose cathode 
was heated indirectly by a separate filament, which, in 
turn, was powered by the tube's output oscillations. Not 
quite perpetual motion, but close. 

June 19, 1923. 

fr7j: 

A I•14_ NICOLSON 

THEEMIONIC TRAUSLeTIN5 DEVICE 

OrIgInal Filed April 16, 

fig.? 

1,459,412 

Nicolson patent for an indirectly-heated cathode. 

But at Westinghouse (a member of the Radio Group) engi-
neers were also working on socket powered filaments, and 
had come up with two solution candidates. First was the 
development of what would eventually be the UX-226 (the 
trusty old type 26), an ordinary 01 -A but with a filament as 
thick as your arm, operating on 1.5 volts and drawing more 
than an ampere of current. The idea was to give the fila-
ment so much mass that it would not vary in temperature 
(or emission) at the power-line frequency, like a light-
weight filament would. The low filament voltage would 
also minimize the hum caused by electrostatic effects at 
the filament ends. This was moderately successful, but the 
226 would not work as a detector stage in a socket-power 
radio. Something better was needed. As a second ap-
proach, a Westinghouse engineer named Hubert M. Free-
man was working on a method much like Western Elec-
tric's, using a filamentary element to heat a sleeve-type 
cathode, keeping the heater element insulated from the 
cathode itself. By November 1922, he had succeeded to a 
large extent, and submitted a patent application, but the 
patent [3] was not granted until March 3"I, 1931 (!!). The 
indirectly-heated cathode method finally yielded the type 
UY227 tube, which had to undergo many corrections of 

(Continued on page 13) 

Radio Age • September 2013 RadioFallFest 2013—October 20th page 9 



1. Over the years this editor has had 
occasion to repair or restore the 
electronics (and cabinetry, sometimes) 
of many an old radio. In the late 1920s 
and early 1930s, the usual types of 
fixed capacitors encountered had either 
paper or mica as the dielectric. The 
range of sizes for paper-dielectric 
capacitors ran from 500 µµF (now 

called picofarads) to perhaps 2 or 4 µF. Those in the 
lower end of the capacitance spectrum generally 
found use in the left-hand portion of the schematic, 
nearest to the antenna input end of the radio, while 
those in the upper registers of capacitance were used 
in the power supply as filter capacitors. In the middle 
were the many signal bypass and audio coupling 
tasks, needing capacitors ranging from 0.005 µF to 
0.25 µF. Quite a few collectors/restorers have asked if 
there was any danger (of causing damage) if the repair 
included increasing the capacitance of these filter 
capacitors, since the original values of 1, 2, or 4 I.& 
resulted in noticeable residual hum from the 
loudspeaker, and tests using new electrolytic 
capacitors of perhaps 10 I.& capacitance resulted in 
noticeable hum reduction. Further, low cost 
electrolytic capacitors rated at a desirable 450-V 
voltage rating rarely came in values lower than about 
8 µF (more recently, 10 µF). 

The worry many repairers had was that a substantial 
increase in hum-reducing capacitance might seriously 
increase the peak currents demanded of the rectifier 
tube and power transformer, leading to early failure. 
One could always refer to a good graphical analysis, 
such as given by Langford-Smith [ 1], but I looked 
into this problem experimentally, perhaps thirty years 
ago, upon my acquisition of a like-new Tektronix 545 
scope and a nifty dual-input plug-in amplifier for it, 
this amplifier allowing the difference between the 
inputs on two separate probes to be examined. At 
about the same time I had inherited an RCA Victor R-
32 console radio that needed new filter capacitors. 
Here were all the makings of a test of these peak 
currents. The dual-input ' scope preamp allowed 
measurement of the difference in voltage at both ends 
of 10-ohm resistors inserted between the power 
transformer high-voltage output terminals and the 
type-80 rectifier plates, then easy computation of the 
currents in the transformer winding or rectifier 
sections. The input capacitance for that radio is 

supposed to be 2.5 µF so I tested it with a 2 µF cap 
from the junk box, compared with a 10 µF electrolytic. 
Peak currents for 2 I.& input capacitance in the filter 
were approximately 248 mA per plate, and for 10 µF 
capacitance, they were 262 mA. 

The reason the peak currents did not change much is 
that the lower capacitance forced rectifier conduction 
over a greater portion of each input cycle of the 60 Hz 
input waveform than did the 10 I.& capacitance, 
meaning the lower capacitance got further discharged 
each half-cycle by the radio load than did the 10 µF 
capacitor. This effect indicates that either size 
capacitor will be satisfactory insofar as peak rectifier 
current is concerned, since the type 80 tube is 
supposedly good for up to 400 mA peak current. It 
must be cautioned that it does not mean that one could 
increase the input capacitance indefinitely, though, 
since the initial turn-on of the radio requires the 
rectifier to work over a whole cycle, or more, just to 
get the input capacitor fully charged, even before the 
radio has drawn much current at all. During these 
tests, I found the B+ to require about three a-c cycles to 
reach full value with the 2 µF input capacitor, and 
about seven cycles with the 10 µF capacitance. These 
measurements assumed the rectifier tube was already 
heated and operable, which is not the cold-start 
condition, but instead, an imaginary momentary-
interrupt condition, useful to test only the direct effect 
of the capacitance difference. In actual practice, a cold 
start-up would have the Type 80 tube slowly heating 
up, over about two seconds, so the difference between 
the B+ voltage rise with 2 I.& or with 10 ;IF input 
capacitors would not be noticeable. It would likely 
start to be noticeable with perhaps a 20 I.& capacitor in 
the filter, but I didn't go there. 

Bottom line is that in general, an old a-c set that had 1 
I.& or 2 I.& caps in the filter input section can stand up 
to 10 µF input capacitance, as a rule of thumb, but it 
certainly does not hurt to go through Langford-Smith's 
analysis to prove it in any specific case. A lot depends 
on the d-c average current draw, the power transformer 
equivalent resistance, and its actual condition. 
Increases in the capacitance of the second or output 
section of a B+ filter can usually be made, using the 
same rule of thumb: 10 I.& can be used in lieu of an 
original 2 to 4 I.& capacitor. In the event the speaker 
field coil is used as the B+ filter inductor, the use of a 

(Continued on page I I) 
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(Tidbits, continued from page 10) 

slightly higher capacitance in the output section can 
be beneficial, since it reduces the higher-harmonic 
content of the current pulses delivered to the field 
coil, which reduces the eddy-current losses in the 
field pole pieces, letting them run a tad cooler. A 
number of old radios used a tuned choke or field coil 
as the architrave of the pi in the B+ filter. If either 
the choke or capacitor requires changing, the new 
combination of choke and capacitor must resonate at 
120 Hz, just like the original. If not, the hum level 
will go up in the radio with the resulting filter. For 
example, if the choke is 4 Henries, the required 
capacitor is 0.44 uF, and the capacitor cannot be 
electrolytic. 

2. Back when there was a nationwide radio 
collector's club called The Antique Radio Club of 
America (ARCA), they had their summertime meet at 
different cities each year, and one year it was in 
Pittsburgh. I had to present a seminar at that meet on 
the radio industry in Pittsburgh, over the years. To 
dig out less well-known industries, I resorted to ads 
in the popular radio press, including Radio 
Broadcasting. In an issue from about 1924 I found a 
strange shaped antenna switch made expressly for the 
Radiola III and Radiola IIIA radios, the manufacturer 
being a Pittsburgh firm called Barkelew, so I scanned 
the ad and put a picture of the switch in my 
presentation. By coincidence, shortly afterward, I 
bought a box lot of junk radio parts dating to the 
1920s and 1930s, and in there was such a switch, 
which I recognized immediately. Nothing else was of 
any interest in the carton, so I paid the guy a dollar 
for the lot, took out the switch, and gave back the box 
lot for him to sell again. It is 
shown here, mounted 
properly on the antenna 
terminals of a Radiola III. It 
also fits the GE Model 93 
radio. The purpose is to 
facilitate switching the 
antenna (long, medium, or 
short) without having to 
undo the terminals and move 
the antenna wire from one 
terminal to another. 

3. And note what rare goodies show up at MAARC 
monthly meetings! At the August meeting at 
Davidsonville, Mike Baird asked me if I knew 
anything about a couple NIB tubes he had acquired. 

They were in CeCo boxes, one of which was 
complete and possibly never (or rarely) before 
opened. This nearly mint box had been designed for 
the CeCo type 01-A tube, but a small paper label had 
been glued over the "01-A" label on the end flaps, 
and on the side where normally there is the basic 
operating voltage list for the 01-A. On each paper 
label it said "P-1." Inside, and in the roll of padding 
fuzz was a globe type tube, UY based, with a grid 
cap, and a CeCo "Red Rocket" logo on the side, plus 
a serial number. Also on the base was a threaded stud 
with a nut screwed on it, soldered to a wire that 
disappeared into the base. Obviously an additional 
pinout terminal. Lud Sibley's Tube Lore lists the tube 
as a heater-cathode type (2.5V) space-charge 
pentode, which would certainly require the seventh 
terminal. Lud also wrote advising that aside from the 
rare Nutron Solodyne tube of 1924 this was the only 
American space-charge grid tube, that is until that 
gaggle of 12-volt automobile radio tubes came 
around in the post-war era. Here's a picture of 
Mike's tube. Incidentally, the other box also had a 
NIB CeCo P-1 with a slightly different CeCo logo on 
its side. The only radio we could find that used this 
tube was the Norden Nauck Super DX-5, not the 
Super DX-5A, which uses tetrodes. Great find, 
Mike!! And thanks, Lud, for the info. 

[1] Langford-Smith, F., Radiotron Designers' 
Handbook, 4th Ed., pages 1166-1177, Amalgamated 
Wireless Valve Co. Pty. Ltd., Sydney, 1953. 

Mike Baird's find: one of two CeCo P-1 tubes. 

Radio Age • September 2013 Radio FallFest 2013—October 20th page 1 I 



TIME again for our Radio-
FallFest, a combination of 

  flea market extraordinaire, 
picnic, and auction of old radio gear, 
ham equipment, and audio compo-
nents and complete setups. 

The auction this year will feature 
many collectors' radios, amateur re-
ceivers and transmitters, mikes, an-
tenna components, and audio gear, 
from hollow-state amplifiers to parts 
and audio media. 

Some things we know will be in the 
auction include: 
1. Hallicrafters SX-42 receiver 
2. Hallicrafters S-40A receiver 
3. Hallicrafters S-27 or S-36 
4. SSB transceiver 
5. Several high-end home-brew sets 
(transmitters and receivers). 
6. Many ham accessories, including 
power meter, grid dipper, antenna compo-
nents, etc. 
7. Military radios (BC-224, GF transmit-
ter, command radios, Scott merchant ma-
rine radio, Collins receiver, Hammarlund 
SP-600-JX receiver. 
8. Tubes, tubes, tubes, transmitting, re-
ceiving, audio, from Western Electric to 
compactrons and Russian rod tubes, as 
used on Sputnik. 
9. Box lots of components, ham, audio, 
and entertainment radio. 
10. Collectable radios in all shapes and 
sizes, Zenith, Philco, Fada, RCA, and 
more. 
11. Horn and cone speakers. 

The Mid-Atlantic Antique 
Radio Club Presents 

LacliolFallFest 
A combined Antique Radio 
Swap Meet and Vintage 
AUDIO and HAM gear 

October 20, 2013 
Gates open by 7:00 am. 

Auction starts at 12:30 pm! 
Admission and Flea Market 

space is FREE! 

Vintage audio equipment, amplifiers, tubes, and speakers; 

antique tube radios, battery powered radios, and transistor 

radios; records/LPs; amateur & military communications gear, 

vintage parts, rest gear and restoration supplies are welcome 

You never know what will show up (and neither will we !) 

See partial consignment list and pictures at www.MAARC.org 

And then there's the flea Market! 
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(Continued from page 9 

show-stopping problems between 1922 and 1927, before it 
could be put on the market. 

Another engineer working with Freeman at Westinghouse 
in 1922, Frederick S. McCullough, left that company soon 
after submitting a patent application for an indirectly-
heated cathode assigned to Westinghouse [4]. After leav-
ing Westinghouse, he privately worked out an indirectly-
heated cathode for a triode in which the heater was insu-
lated from the cathode, rather than shorted to it as in his 
Westinghouse patent. He had most of the 227-type prob-
lems cured within a year or two, and had sample tubes 
made by Kellogg Switchboard in Chicago. To accommo-
date the extra tube terminals needed to feed the heater in 
the cathode sleeve, McCullough brought out the two heater 
leads through the top of the tube, requiring radios using 
these tubes to have a heater wiring harness hanging from 
tube to tube, fed from the power transformer. Later, 
Rogers in Canada arranged to make McCullough-type 
tubes, and several other manufacturers made tubes which, 
like McCullough's, had extra terminals either at the tube 
top or at the top of the base (having been passed through 
the usual press near the bottom of the tube). 

All these methods involved heating the cathode through 
conduction and radiation of heat from the heater wire to 

July 11, 1933. F S McCULLOUGH 

VACUUM TUBS TILUIENT STRUCTURE 

Critical Filed Sept. 16. 1922 

rt 

18 

o 

1,917,991 

McCullough's Westinghouse patent on a ribbon 
cathode heated by a central heavy filament. 

the metal cathode sleeve, via the thin alumina layer sepa-
rating the heater wire from the cathode, itself. But there 
was another way to heat the cathode indirectly: by making 
the cathode structure an anode with respect to a nearby 
filament, and then heating that new filament until it emits 
electrons. The resulting bombardment of the cathode 
structure by electrons will heat the cathode structure. This 
notion may have interested several tube engineers at the 
time, and it was patented [5] by that WE engineer, Alexan-
der M. Nicolson, in January 1917 (his application dated 
May 19, 1915). Here, he ran a filament right down the 
center of a tubular metal cathode whose outer surface was 
coated with an oxide emitter, passed current down the 
heater wire, and connected the heater to a negative d-c 
voltage source with respect to the cathode, thus making the 
cathode an anode for that heater. Electrons emitted from 
the heater wire struck the inside of the tubular cathode and 
heated it. Mission accomplished. His patent reveals he 
believed the method increased the emission per unit heater 
watt, compared with directly-heated (filamentary) cath-
odes, so he placed other "cathode" cylinders around the 
initial cathode, each connected to a somewhat higher d-c 
voltage, thus increasing, geometrically, the emission each 
time he added another concentric cathode. 

Then, in 1919, a Russian working for Ericsson in Europe 
obtained a British patent for a somewhat similar technique, 
electron bombardment heating of a metal cathode, but his 

(Continued on page 14) 
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(continued from page 13) 
main objective was to produce a more stable cathode than 
could be afforded in the former flimsy filament. By an-
choring the cathode structure firmly in the tube, he could 
place it extremely close to the grid wires, which were 
stretched between rigid posts, and obtain extraordinarily 
high amplification, with little risk of developing a short 
circuit between grid and cathode. To heat the cathode, of 
course, he had only to pass current through the heater wire 
and connect an a-c or d-c source of voltage between this 
heater wire and the cathode structure, which is presumed 
to be grounded. Again, electrons will be liberated by the 
heater and will strike the cathode, heating it [6]. 

In a much more recent era, that Zenith engineer, Robert 
Adler, applied for a patent [7] in 1950 on a scheme for 
heating one or more cathodes in vacuum tubes by means of 
electron bombardment by electrons liberated from auxil-
iary filamentary ultra-cathodes, but for an entirely different 
reason. His purpose in this effort was to improve on the 
methods then current for manufacturing the vacuum tube 
in the first place. A problem that arose in the heating of 
the various electrodes in a vacuum tube during manufac-
ture, a necessary step in the evacuation process (since heat-
ing the electrodes and other components liberates adsorbed 
and occluded gases for the vacuum pumps to take away), 
was that premature heating of the cathode coating (a mix 
of carbonates that must be converted in the process into 
oxides) created the oxides too early, while there were still 
gases being expelled by all the various elements in the 
tube. It was thought that delay of the carbonate-to-oxide 
process by separately heating the cathode to the preferred 
temperatures during the pumping and baking processes 
would be a good thing, so Adler came up with the bom-
bardment-heating of the cathode (or cathodes) in a tube 
during pump-down. This meant the tube's cathode could 
also be bombardment-heated in operation, if desired, and 
Adler allowed that was another advantage. 

Finally, those California vacuum-tube wizards at Eimac 
had discovered that electron bombardment heating of a 
cathode in a big transmitting tube might solve a problem 
that had been bothering transmitter engineers for some 
time. The problem is that big transmitting tubes need to 
be able to emit extremely high electron densities from their 
cathodes, and if the high electron currents are demanded 
for protracted times (measured in microseconds), from 
tubes with only modest cathode masses, the cloud of elec-

trons known as the space charge can be depleted entirely, 
allowing random positive ions (which are heavy) to "see" 
the tube's cathode, and head for it at enormous velocities, 
causing physical damage. The way this problem had been 
remedied thus far was to beef-up the cathode mass and 
resultant power dissipation. In other words, a tube needing 
on average a cathode heated by 6.3 volts at 10 amperes 
might suffer shortened life in pulse or television transmit-
ting service, but increasing the cathode size (and heater 
required) to perhaps 7.5 volts at 20 amperes would solve 

the problem. 

For much larger tubes, producing far higher output power, 
there were practical problems in arbitrarily increasing 
heater or filament ratings, especially if the current is in-
creased. It is difficult to maintain good contact between 
tube filament terminals (pins or concentric rings) and cor-
responding socket terminals (receptacles or finger-stock) 
and still consider the tube to be a "quick-change" compo-
nent. Eimac's remedy for this problem, for one applica-
tion, at least, was to make their 4X20,000 tube with a born-
bard-ment-heated cathode. Now, a word about Eimac's 
tube nomenclature: The initial 4 indicates the tube is a 
tetrode; the next character, the letter X indicates the tube is 
glass-insulated; then the 20,000 indicates the plate dissipa-
tion rating is 20 kilowatts. So this is a BIG tube. Here, the 
electron bombarded cathode is a fat cylinder, heated from 
its inside by electrons liberated from an ultra-cathode of 
ordinary proportions. The outside of the cathode cylinder 
is thoriated or oxide-coated to improve electron emission, 
and in the tube's socket, no currents higher than about 30 
amperes are encountered. A conventional direct-heated 
filamentary cathode for this tube might have required 10 
volts at 200 amperes current. 

Oh, one I almost forgot: DeForest started out trying to heat 
his cathode with a Bunsen burner, in 1906..... (or was it a 
coal fire?) 

References: 
[1] Patent 1459412, issued 19 June 1923. 
[2] Types 244A and 247A triodes and type 245A tetrode, 
all with UY bases. 
[3] Patent 1577846, issued 23 March 1926. 
[4] Patent 1917991, issued 11 July 1933. 
[5] Patent 1210678, issued 2 January 1917. 
[6] British patent 131680, awarded to A. Bloxham. 
[7] Patent 2561768, issued 24 July 1951. 

Remember. the December and April MAARC 
meetings are held at Sully Station. near Dulles Air-
port. Also note that the intersection of Rte 28 and 
Westfields is a full cloverleaf, with local bypass 
Lutes on Rte 28. Map: 
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Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

FOR SALE: ANTIQUE RADIO 

RESTORATION & REPAIR 
http://www.oldradiodoc.com A 
Unique opportunity in a niche 
market. America's premier shop 

for a quarter century. An ongoing 
year round very busy business 
with an excellent world-wide 
reputation. Online since April 1994 

(the early days). In business 35+ 
years. Going strong with enough 

work to support 3+ technicians all 
year long. The volume of work can 
be ramped up/down to suit your 
desire. I, KR1U, am nearing 
retirement and wish to pass the 
business on to a younger 
generation. Training is available. 

The business includes two internet 
domains, an absolutely massive 
highly organized parts department 
including inventory from the 

acquisition of 27 closed radio 
shops and nearly 50 years of 
collecting. Almost nothing else to 
buy for years....it's all here. 
Riders/Gernsback/Sams 

Photofacts/Beitman-Supreme 
schematics and factory 
documentation from all the major 
players. My lead technician will 
seriously consider relocation if 
asked. He is the best there is. My 
large antique radio collection can 
also be a part of the package. Price 
is negotiable. Bob Eslinger/KR1U, 
20 Gary School Rd., Pomfret 
Center, CT 06259 860-928-2628 
bob@oldradiodoc.com 

Antique Radio Repair : 30 years 
experience in repair of antique radios 
and tube equipment. Reasonable 
Rates. Jay Forbes, 21128 Stonecrop 
Pl, Ashburn, VA, 20147. 703-729-
9432. Email: JFRADI0@aol.com 

Book: Mahlon Loomis, who 

experimented and demonstrated 
Wireless in 1864, by sending signals 
18 miles using 400-foot wire antennas, 

and keying same to ground using free 
power available at 2000 foot 

elevations on top of mountains in 
northern Virginia. Loomis received a 
patent in 1872 and Corporation 

Charter by US Congress in 1873. 
Describing his work and the File in the 
US Library of Congress is the book by 

Thomas Appleby, Mahlon Loomis 
Inventor of Radio, (c) Copyright 
1967, 188 pages, now available for 
$35 + s&h $5; Contact Svanholm 
Research Laboratories, 1604 Elson St., 
Adelphi, MD 20783 , 
n3rf@earthlink.net , http:// 
N3RF.home.netcom.com 

FOR THE RECORD 
The August meeting of the Mid-
Atlantic Antique Radio Club was 
held on 18 August, 2013, Eric 
Stenberg presiding. Approxi-
mately 43 members attended. 
Willie Sessoms' Show-'N'-Tell 
session was spirited, with James 
McClyde showing (and asking) 
for the correct identity of a rather 
large Olympic(?) Bakelite set; Joe 
Meagher displayed a 1930s radio 
game similar to Monopoly, Ed 
Lyon showed a Barkelew switch 
(see Tidbits, this issue), and Wil-
lie showed a Mantola ivory Plas-
kon radio that he fought for at a 
recent auction. For the "Sophie's 
Choice" radio talk, Geoff Shearer, 
Brian Belanger, and others dis-
played the radios they would be 
sure to rescue from a disaster, 
should such happen. Brian's auc-
tion followed, with a net of just 
shy of $70 to the treasury. 

FEEDBACK 

As soon as the July issue of Radio 
Age got to the membership, we 
got two reports back of Autovoix 
loudspeakers discovered by mem-
bers. Steve Wallace had acquired 
his Autovoix, now complete, from 
Ed Bell, perhaps 8 years ago. 

This is the Auto-
voix that the late 
Ed Bell once 
owned (minus 
the horn), but 
now complete, 
and in the hands 
of Steve Wal-
lace. It was one 
of the early ver-
sions, made for 
use as a wall-
mounted public 
address unit. 

Then member Paul Klein wrote 
that he found one while at a fam-
ily reunion in upstate New York, 
in a barn-type museum. Here's 
that one, similar to Ed Lyon's. 
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Mid-Atlantic Antique Radio Club 

do Steve McAllister 
3903 Norwalk Place 

Bowie, MD 20716-1047 

Sun., Sept. 15 

Sun., Oct. 20 

Sun., Nov. 17 

Sun., Dec. 15 

Sun., Jan. 19 

Presort Standard 
US Postage Paid 
Permit 401 
Frederick, MD 

1111111 11111"1 11111111"11191 1111111111111 1"11"11111111111 

140**************AUTO"SCH 3-DIGIT 210 

Bruce Shetrone 
969 Shore Acres Road 
Arnold MD 21012-1724 

MAAJZO, lour Geten4eri 
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 Cone Speakers, Presentation: 
Mike Baird, on Boomboxes. Elections this meeting! 

Annual MAARC RadioFallFest three-way meet: Old 
Radios, Ham Gear, and Audio Stuff galore. Plus lunch of 
your choice, served by the Boy Scouts. Tailgating starts 
0700; Auction about 12:30. Venue as usual, Davidsonville 
Family Recreation Center. Map Page 2. 

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 Lamp Radios, Presentation: 
Brian Belanger: New England historical radio sites. 

MAARC meeting at the Sully Station Community Center, 
near Dulles Airport; see p. 14 for map. Tailgating at 11:30, 
meeting at 1:30. Display table Radio Timers, Presenter: Ed 
Lyon: Catalin Radios, care and feeding. 

MAARC WinterFest at the National Electronics Museum 
in Linthicum, MD, near BWI Airport ( Details later); Indoor, so 
let it snow. Fleamarketing starts about 10:00; Auction at 2:00 
(times tentative). 

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