
November 2012 

The Vintage Radio Journal of the 
`•\..i i Mid-Atlantic Antique Radio Club 

Volume 37 Number 11 

RESTORING BRIGHTNESS TO THE 6E5/6U5 
BY ED LYON AND JOE SOUSA 

Which would you rather have on the front of that nice tombstone or console, something reminiscent of that Rus-
sian folk song Dark Eyes (Ow gdinnae), or Helen O'Connell 's Those Cool and Limpid Green Eyes? Well, if 
we're talking about the 6E5 or 6U5 "magic eye" tuning indicator, surely the latter is the choice. Here's how you 

can regain the original (or better) brightness and responsiveness of most cases of dim 6E5 or 6G5/6U5 tubes. 
And the best news: It even works on the rare 6T5. 

I4  UD Sibley does a splendid job 
with Tube Collector magazine. 
gathering both old and new 

articles on electron tubes, and adding 
numerous articles of his own, enriching 
the lives of all of us who dabble in old 
electronics stuff. In the past June issue 
of Tube Collector Peter Keller wrote a 
piece [1] that described the physical 
processes that lead to the gradual 
dimming of the round "eye" tubes used 
as tuning indicators in many radios ol 
the latter 1930s and beyond. Peter 
explained what was usually going wrong in the tube, 
making it dim and so useless in a restored radio; it is 

primarily a gradual "sickening" of the phosphor, 
usually caused by heating from electron 
bombardment. He noted that the main problem was 
at the very surface of the phosphor, and that a little 
deeper in the layer, the material was as responsive as 
ever, but it required a higher-velocity electron to 
excite it. Well you just don't go around laying out 
bait like that when Joe Sousa has his test bench 

locked and loaded, without 
expecting a flurry of experiments 
and a proof-of-principle test 
circuit to emerge from his 
Massachusetts lab. We will go 
over Joe's experiments and results 
in this piece, but first get everyone 
up to speed on what these eye 
tubes are all about. 

The "magic eye" tube. 

The "magic eye" tube we are 
considering here consists of two tubes in one 
envelope. First there is a triode, of straightforward 
construction, a central thin-cylindrical cathode, a 
concentric spiral grid, and a concentric cylindrical 
anode or plate. In these tubes, types 6E5,6G5/6U5, 
and 6T5, the cathode is extended upward to almost 
twice the height needed for the triode, to become a 
source of electrons that spray outward to strike the 
inside of a second anode. This one is concentric 

(Continued on page 3) 
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US dollars. Two-year, three-year, and life memberships are 
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mailing list. The Post Office will not forward your newsletters. 
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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 1) 
with the extended cathode, 
and funnel-shaped, and 
coated with a willemite [2] 
phosphor. Any electrons 
striking this anode make it 
glow a bright green color, 
which would be seen as a 
full circle of green light, 
like the iris in a human eye. 
But in the 6E5 and 
6G5/6U5, the triode's plate 
has a thin extension tab that 
projects upward into the 
path of the electrons that 
would otherwise stream to 
this conical anode, casting a wedge-shaped shadow in 
the fluorescence if the tab voltage is sufficiently low. 
The lower the anode-tab voltage, the wider the dark 
wedge of a shadow. In the 6T5, the triode's plate 
"tab" is ring-shaped, deflecting electrons away from 
the center portion of the conical phosphor-coated 
anode, making the "iris" thinner and the "pupil" 
larger. 

This Allen Dumont invention was a very effective 
replacement for the tuning meter used in high-end 
radios. The tuning meter was usually connected to 
measure the total screen-grid or plate current of the 
radio's IF amplifier tubes, presuming the radio was 
equipped with automatic volume control (AVC). 
With a tuning meter the radio operator would adjust 
the radio's tuning control carefully, noting the "Max" 
reading on the meter, which in radios with AVC was 
the minimum plate or screen current (so that the 
"Max" tuning point was at the lowest reading of the 
meter). When the magic eye came onto the scene, it, 
too, measured the AVC voltage, which rose and fell 
with the signal strength that survived passage all the 
way through the radio to the audio amplifier stage. 
Thus, the operator's adjustments in tuning could be 
monitored by looking at the phosphor display screen 
of this tube, and noting the tuning control spot that 
yielded the maximum closure of the piece-of-pie-
shaped dark shadow on the eye tube's iris, or screen. 
(In the case of the 6T5, it wasn't a wedge-shaped 
shadow, but the enlarged "pupil" which became 
smaller the better the input signal was tuned in. The 
most popular of the indicator tubes were the 6E5, 
6G5, and 6U5, the last two being very much alike. In 
addition, there were 2.5-volt versions, like the 2E5, 
and the bull's-eye version, 6T5, used only in Zenith 
Robot-Dial radios. 

The deeper details of the tube's 
construction and workings are 
important to the process 
described by Peter Keller in his 
Tube Collector article as being 
responsible for the darkening of 
the phosphor with tube age, the 
usual culprit being the heating 
of the phosphor from electron 
bombardment. He also reasons 
that some failing phosphor 
characteristics are restorable to 
original condition, and these 
are the features pounced upon 
by Joe Sousa in his 
investigation. The restoration 

does not correct the internal tube condition; instead, 
the "fix" is a circuit modification to make the tube 
function better. One of the details we should mention 
is the design of the phosphor coating on the funnel-
shaped anode that forms the glowing screen. This 
phosphor is deposited on a metal anode and is 
relatively transparent to electrical fields that control 
the motion of electrons emitted by the cathode. The 
electrons headed for the conical metal anode when it 
is sufficiently positive excite the phosphor coating as 
they penetrate its surface. The process of emitting 
light upon being struck by an electron is more 
complex, involving the dislodging of pairs of 
electrons in the crystals forming the phosphor, 
followed by the emission of light as some of the 
dislodged electrons return to their "ground state" in 
the atoms making up the crystals. The cathode's 
electrons tend to accumulate on the surface of the 
phosphor, and their buildup will repel new cathode 
electrons, deflecting them away from the anode 
altogether, causing overall darkening. To keep this 
from happening, in manufacture a thin sprinkling of 
powdered graphite is deposited on the phosphor to 

(Continued on page 4) 
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(Continued from page 3) 
make it a conductor; not a good conductor, but just 
good enough to conduct those accumulating electrons 
to the anode metal, itself. This graphite causes slight 
darkening overall, being more noticeable as other 
darkening processes take place. Keller's main point 
here is that more energetic cathode electrons will 
penetrate somewhat deeper into the phosphor, 
exciting new willemite crystals that had not been 
bombarded at the usual operating voltages, and the 
resulting brightness is roughly proportional to the 
square of the anode voltage. There is a limit, though, 
as excessively deep penetration of electrons causes 
yet deeper crystals to glow, but the resulting light is 
trapped within the layer. 

One additional factor should be appreciated by the 
users of these tubes. That is that there are basically 
two types, sharp-cutoff and remote cutoff, insofar as 
the input triode's grid response is concerned. Radios 
that had a capability to develop only relatively low 
AVC voltages used the 6E5, a sharp cutoff type that 
had a shadow width that went from maximum 
(somewhat over 90 degrees, or a quarter of a pie) to 
zero-width, by dropping the triode grid voltage from 
0 to about 7 to 10 volts negative. This 7-10 volts 
represented the maximum expected AVC voltage 
variation for the weakest hearable station to the most 
powerful local blowtorch broadcaster. Other, usually 
more elaborate, radio circuits could develop far more 
AVC voltage swing, and so the 6G5/6U5 was used, 
requiring about 15 to 20 volts to close the shadow 
down to zero width (and for the 6T5 the iris went 
from a thin outer ring [maximum size pupil] to a full 
bright iris with about 15-v swing on the AVC bus). 

Regarding the 6T5, used in those very collectable [3] 
Zenith Robot-dial sets, this tube is naturally far more 
rare than the others here. To find one NIB is quite a 
treat, and to find one that glows at all is rewarding on 
a slightly lower, but nonetheless significant scale. 
We hope now that those of you who saved that not-so 
-bright 6T5, but reluctantly put a NIB 6U5 in that 
Zenith on the shelf, might consider building Joe's 
restoration circuit and then put the 6T5 back where it 
belongs. 

What the Tired Eye Tube Needs 

Let us separate the eye tube functions into its two 
sections, the input triode and the display section. 
There were three main points in Peter Keller's 
analysis of the tube, and Joe's remedial actions. ( 1) 

Keller's analysis, and Joe's going-in hypothesis is 
that the dim eye tube needs a much higher anode 
voltage in the display section. The purpose here is to 
accelerate the cathode electrons to a higher velocity 
than would be the case with the original 220-240 
volts available in the radio. Of course we are 
referring to the voltage on the display section anode, 
that phosphor-coated conical device. (2) However, 
this higher voltage, needed to drive the electrons 
from the cathode deeper into the phosphor coating, 
where there is a good, heretofore unused supply of 
phosphor crystals, makes the tube less sensitive to the 
voltage swing on the input triode's grid, because the 
higher anode voltage speeds up the electrons, 
reducing the influence of the deflection vane, which 
is what makes the shadow on the phosphor. So we 
can get the tube brighter, but it won't show much 
"action" as we tune across stations. Keller indicated 
this would happen, and Joe began scheming for 
circuits that would increase the sensitivity, returning 
it to what it was before brightening. (3) Finally, 
another result of increasing the anode voltage in the 
display section is that the cathode current will get too 
high, further heat-damaging the phosphor-coated 
anode, or exhausting the cathode's oxide coating, 
both bad. Thus there are three parts to the fix: 
increasing the display anode voltage, increasing 
(restoring) the sensitivity to AVC voltage, and 
reducing the cathode current to the display anode. 

Increasing the display section anode voltage 

Joe attacked the problem of increasing the display 
anode voltage by adding a dc-to-dc voltage converter 
to the usual B+ circuit fed to the eye tube. Now these 
dc-to-dc converters are common in modern solid-
state digital electronics, like computers, process 
controllers, and such digital devices, but in those 
applications, the emphasis is on efficiency and 
cheapness, and the circuit turns out to be a dc-to-ac 
converter, followed by a step-up transformer or 
voltage multiplier, and then the output is rectified and 
filtered. Sounds simple, and it is. Problem is that the 
intermediate step, making a-c voltage, is commonly 
done at a frequency of 100 kHz to 10MHz, so that 
any step-up transformer and filter capacitors needed 
are all very small. That is no problem in a digital 
computer where the signal-to-noise ratios of the 
useful signals are close to infinity, but is a disaster in 
an old tube-type AM radio receiver. With one of 
those dc-to-dc converters, all the radio would ever 
hear is the hashy noise of this converter. 

(Continued on page 5) 
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(Continued from page 4) 
So Joe's dc-to-ac converter 
stage consists of a "soft" 60-
Hz chopper that takes in the 
radio's B+ voltage that 
would normally feed the eye 
tube's display anode, thus 
making it a-c, then passing it 
through a voltage doubler, 
rectifying it, and filtering the 
resultant 450-volts of d-c 
anode voltage. What is a 
"soft" chopper? It is one 
that does not produce the 
usual sharp spiky 
switchovers from one 
polarity to the other, for it is 
this latter type of switching 
that makes harmonics and 
AM interference. Joe uses a 
device called an LH1532FP 
optically-coupled chopper; it 
has a pair of light-emitting diodes (LEDs) wired in 
parallel in opposing polarities and fed from the eye 
tube's a-c heater supply, robbing a few milliamperes 
from that source. These LEDs blink alternately with 
the power-line (60 Hz) a-c voltage, and they are 
bonded to (but insulated from) a corresponding pair 
of light-sensitive field-effect transistors (FETs) 
turning the FETs on and off. These FETs are wired as 
a voltage doubler, charging each of two capacitors, 
then alternately connecting them in series where they 
charge another capacitor to double the input voltage. 
The net output voltage is about 450 NI, and there's no 
hint of power line related hum or buzz. 
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Figure 1. 20 of the images Joe made. Top row = 250V anode, 6.3V heater; 
2nd row: 500V anode, 6.3V heater; 3rd row: 500V anode, 5.3V heater; bot-
tom row: 250V anode, 5.3V heater. 1st col: NIB 6E5; others used as-is. 

Increasing the gain of the tube 

Now that the anode voltage is doubled the eye tube's 
brightness will have been increased by a factor of 
about four, but now the sensitivity to the radio's AVC 
voltage must be doubled, to get the original shadow 

angle variation. Here Joe got clever (again) and 
applied some of our old lessons in feedback. In this 

case he used positive feedback to double the effective 
swing of AVC voltage applied between eye tube grid 
and its cathode. To do this he left the original AVC 
bus connection directly to the eye tube triode section 
grid just as it was in the original radio circuit. But he 
borrowed some of the eye tube's triode section plate 
voltage swing, normally used only to affect the 
shadow angle (via the vane or tab), fed a tiny amount 
of it to a transistor, and this transistor's output is fed 

to the eye tube cathode. This circuit is sensitive to 
the tube type, (6E5 or 6U5/6G5/6T5), and Joe added 
a small potentiometer to adjust the transistor's 
feedback voltage to suit the tube type and transistor 

gain variations. This feedback pot must be adjusted 
to produce a variation in voltage at the cathode of the 
eye tube (its pin 5) equal and opposite to the AVC 
voltage being fed to the eye tube grid (pin 3). This 
voltage must be measured with a high-impedance 
voltmeter like a VTVM or good digital meter. It will 
be measured after the unit is installed and being 
tested in the radio. Absence of an input antenna 
signal (antenna terminal grounded) should produce a 
very low voltage at the cathode, and when a strong 
local station is tuned in, the cathode should be at the 
same positive voltage as the AVC voltage is negative. 
As a practical matter, the pot can be set for a shadow 
disappearance as the strongest plausible station is 
tuned-in, using a good antenna [4]. As an added little 
nuisance task, made necessary by virtue of the 
transistor needing a source of bias voltage, Joe had to 
make some of that, using the B+ doubler as a source 
he could tap into. 

Limiting the cathode current 

Remember we noted above that a consequence of a 
much higher anode voltage is a higher current draw 
from the cathode — which would excessively heat the 
anode phosphor. To limit the cathode current Joe 

(Continued on page 6) 
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Figure 2. Schematic of Joe's brightener prototype. He thinks this can all fit into a socket adapter device. 

(Continued from page 5) 
simply reduced the cathode heat. For these tubes, 
normally running at 6.3 volts on the heater, Joe ran a 
series of experiments to see what heater voltage was 
optimum for brightness in the display anode, yet 
lowest in cathode current, hoping not only to get the 
tube as bright as it ever was, but lengthened 
significantly in lifetime. His experiments resulted in 
a number of possible variations in all the three 
parameters he attacked in this exercise — anode 
voltage increase, gain increase, and cathode 
temperature (or heater voltage), and yielded the array 
of displays shown in Fig. 1. The end result is a series 
resistor in the eye tube's heater circuit that reduces 
the heater voltage to a value near 5.3 volts, or a 
heater current of about 270 milliamps. The exact 
value of series resistance is selectable by shorting one 
or more of the series resistors in Joe's circuit. To find 
the right value, it is recommended that the restorer 
monitor the display anode current of the eye tube, 
with a maximum of 1 milliampere being the 
maximum one should allow, for longest eye tube 
lifetime. Note that this is less than one-fourth of the 
RCA-rated eye tube anode current, which should 
make the tube last a very long time, even at the 
improved brightness. As the reader will see in the 
following section describing Joe's circuit prototype, 
there is a 1K ohm resistor (R-12 in the schematic) in 
series with the display anode. Connecting a digital 
voltmeter across this resistor allows monitoring the 
anode current. Each volt read on the meter indicates 
a milliampere's worth of current. Aim for 1 volt, 
maximum. d-c there, by shorting one or more of the 

heater-dropping resistors. Remember there is about 
450 volts d-c at this point, so don't get your fingers 
into it. If you prefer, you can connect the digital 
voltmeter across the other 1-Kohm resistor (R-3 in 
the schematic) at the radio's B+ input point, where 
there is only half that voltage, but there you should 
allow the current to read just under 2 milliamps (just 
under 2 volts there). Allow time for the tube heater 
to reach each new temperature before finalizing on 
the resistance value. 

The Prototype 

The ultimate aim is to make a compact socket-
adaptor style of device that might plug into a 6E5 
socket, and into which the 6E5, itself, is plugged, 
such that the radio circuitry is undisturbed. This 
might look like a 2-inch diameter by 2-inch long 
cylinder with 6-pin plug on one end and a 6-pin 
socket on the other end, and with a screwdriver 
adjustment hole on the side for R6. This socket 
adaptor-like device could be removed and the eye 
tube socket pressed back onto the eye tube in a 
minute. For a first-trial circuit, though Joe started 
with a slightly less unobtrusive version. This consists 
of a 6-contact plug that plugs into the original radio's 
eye tube socket, a short pigtail cable of wires to a 
small circuit board, and a second pigtail of wires to a 
new eye tube socket. This is shown in Fig. 3. He 
then went across town to Ron Roscoe's place, and 
subjected Ron's eye-tube-outfitted radio collection to 
a little demonstration. I imagine Ron held his breath 
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(Continued from page 6) 
more than once during this meeting. The little 
circuit board could be mounted in a small plastic 
box about the size of an Altoids container, since 
there is a pretty high voltage exposed on the board 
— almost 500 volts d-c. The heater voltage 
dropping string of resistors has little test points 
between each resistor, allowing a jumper wire to 
be clipped across any resistor to run the anode-
current-limiting test noted above. The final 
shorting condition can be made permanent by tack 
-soldering a wire jumper accordingly. It should 
not be considered permanent, since you may want 
to change the tube for another someday. The 
potentiometer used to adjust the extra gain for the 
eye tube triode is a Bourns (or equivalent) trimpot, 
screwdriver-adjusted [5]. The heater resistor 
string comprises R4, R9, R10, and R11. The 
transistor for effecting the gain increase is an 
MPS4250, chosen for its high gain. 

Series-heater radios 

Figure 3. The prototype 6E5/6U5/6T5 brightener. Per-
haps it can be easily fitted into a little cylinder in the ca-
ble that usually goes to the eye tube. 

There are a few ac-dc series-heater string radios in 
collections that use eye tubes, and a version of this 
same circuit can be devised to work there, as well. 
Joe is working the details out, and will show these in 
a future short addition to this article. He knows he 
has to change the way the gentle chopper is fed, as 
well as how to reduce cathode temperature, both in a 
safe way. We all know what can happen to socket 
voltages if a tube heater opens in ac-dc sets, and so 
Joe knows he has to add some protection for the 
LEDs and associated circuitry. 

End Notes 

[1] Keller, Peter, "Note on Dimming of "Magic 
Eyes," in Tube Collector, 14, 3, June 2012, p. 11. 
[2] Willemite is zinc silicate, a large deposit of which 
was discovered near Franklin, in northern NJ, in the 
early 19th century, along with many other zinc 

compounds. Franklin got the nickname 
"Phosphorescent City" for a while in the 20ffi century 
because of the local mining a minerals that glowed. 
[3] I lean toward the spelling "collectable" rather than 
"collectible" because the Latin root infinitive is 

collectare, not collectire. 
[4] Radios with loop antennas can be tested by 
connecting the AVC bus to B- through a 22K resistor 
for the wide-open shadow condition, and by tuning in 
a nearby high-powered broadcaster for the closed 
shadow (fully bright iris) condition. Radios with 
shortwave bands sometimes develop higher AVC 
voltages on shortwave broadcast signals than in the 
broadcast band, if a good long-wire antenna is 
connected. In any event the strongest available signal 
should be used to set the closed-shadow (full iris) 
condition. 
[5] A blow-up picture of the board is on page 15. 

FOR THE RECORD 

The October meeting of the Mid-Atlantic Antique Radio Club took the form of a large Hamfest/Antique Ra-
diofest/Audiofest, all rolled into one. It was held October 21st at the Davidsonville site, with over 120 mem-
bers and guests counted in the flea market, and about 88 counted in the auction. The flea market showed every 
possible kind of gear from crystal sets to high-end ham receivers and some nice audio amplifiers and tuners. 
Buford and Jane came down from PA with a nice array of speakers, and there were members from New Eng-
land and the Carolinas, as well. The weather was splendid, clear, lightly breezy, and comfortable. The Boy 
Scouts served all the food and drinks they could bring, and went home pleased with the turnout and business. 
A report on the auction results will be forthcoming— this issue has to go to press tomorrow. 
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A PARASITIC RADAR IN WORLD WAR 2-PART 2 
BY ED LYON 

In part 1 of this article (September 2012 Radio Age), Paul von Handel, a principal inventor of a novel German 

bistatic radar that hitch-hiked on the British early-warning radar system, Chain Home, had described the system 

to this author in 1961 or 1962 in the course of the U.S development of a similar technique. By pure coincidence, 

the author became a collaborator on a new book on bistatic radar, whose editors were researching that same 

German radar system, and found it had a name, Klein Heidelberg Parasit. Part 1 described the system from a 

top-level view. This part will show some of the equipment found to have been used in the system. 

Klein Heidelberg System Details 

The basic elements of a Klein Heidelberg parasitic receiv-
ing site are: first, a rather simple antenna and receiver to 
receive the powerful direct transmitted pulse from the dis-
tant (British Chain Home) transmitter; second, another (far 
more sensitive) antenna and receiver to seek and direction-
find the delicate aircraft echoes of the transmitter's emis-
sions; and third, a timing scheme to measure the delay time 
between receipt of the direct transmission and the echo. 
The Klein Heidelberg radar originally used a variety of 
readily available receivers, including a Hallicrafters S-27 
[14] and a portable German Leitstrahl Empfanger 2-2 (L-E-
2.2), operating around 26 MHz, but after some initial suc-
cessful tests, these were replaced by purpose-built HF/VHF 
receivers that were fed from arrays of dipole antennas 
mounted on Wassermann radar antenna pedestals. The 
competition for high-gain, accurate, drift-free receivers in 
the low-VHF range in Germany was stiff, mainly because 
Allied tanks and field units also used these frequencies (but 
with FM), and intercept of Allied field radio traffic was 
eagerly sought, first in Africa, then Italy, and, after the in-
vasion, in France. It was tempting to conserve on high-
quality receivers in Klein Heidelberg, but retuning time as 
the operator switched among several British transmitters 
was found to cut sections out of aircraft tracks so that it 
was not certain the same aircraft was being tracked after a 
transmitter switch. So Klein Heidelberg joined the priority 
queue in getting the coveted Fu-H-E-d or F-Ukw-E-e for 
their sites, often settling for a second-tier receiver, the 
E.0.281, which required interpolation of a generic logging 
dial scale to find the operating frequency [ 15]. Luckily, 
each Chain Home transmitter had settled on a small num-
ber of separate operating frequencies, usually chosen to 
evade interference from other Chain Home sites, so that the 
logging scale was simply inked at the usual spots found to 
carry the Chain Home signals. 

There were several varieties of Wassermann antennas, the 
earliest (Wassermann "chimney") using a rigid tubular 
tower that rotated around an inner tubular post. On the 
outer tube were mounted crossbars and braces to hold the 
antenna array of dipoles and a reflecting screen. The Klein 
Heidelberg dipole array was mounted on the back side of 
that same reflecting screen, and was almost invisible, con-
structed of wires stretched from insulating brackets, and 
fairly well hidden by the dense reflector screen. Allied 
surveillance aircraft would have dismissed these Wasser-

Above, F-Ukw-E-e receiver, used occasionally in K 
-H; Below: Fu-H-E-d receiver, acknowledged best 
one for the purpose (courtesy,Radiomuseum). 

mann radars as inoperative, being aimed inward, away 
from the coast, emitting no signals, and appearing to be 
inoperative. The operators of the Klein Heidelberg receiv-
ers were located inside the antenna base pedestal, and their 
output data, in the form of target location and speed re-

(Continued on page 9) 

Radio Age • November 2012 MAARC's web site: www.maarc.org page 8 



(Continued from page 8) 
ports, went by telephone wire to the Kammhuber Line [ 16] 
control point, where the problem of precision tracking of 
enemy aircraft and guidance of interceptor aircraft re-
mained. For these tasks, the Würzburg radars had been 
increased in size (to become Würzburg Riese) and separate 
Wurzburgs served to control anti-aircraft batteries and to 
control interceptor aircraft. 

The Wassermann chimney antennas were sometimes har-
assed by roaming American fighter-bombers even in the 
absence of emitted signals, often resulting in their inability 
to rotate and ascertain direction to the echo, so later Klein 
Heidelberg clandestine receiving antennas were mounted 
on Wassermann "tower" antennas, having lightweight open 
latticework towers that were much harder to see from the 
air, and these were seldom attacked by the tactical fighters. 
The installation of Lichtenstein homing radars in the noses 
of Messerschmitt Bf-110s and Junkers Jo-88s converted 
these aircraft into "night fighters," and allowed the Würz-
burg radars quickly to guide the night fighters to the gen-
eral vicinity of incoming bombers, and let the Lichtenstein 
homing radar bring the interceptor to the bomber. That 
way the Würzburg could stand down more of the time, and 
was less likely to be jammed electronically, but Window 
was always a problem. 

The Klein Heidelberg receivers were each assigned to two 
or three specific Chain Home radar transmitters, and a 
small antenna, also mounted on the Wassermann tower, 
would be continuously trained on those British sites, to 
capture the basic start of timing for any echo received on 
the main antenna array. This was the "reference" channel. 
The British neatly placed all Chain Home transmitters on a 
common pulse repetition rate and timing schedule so as not 
to interfere with each other, easing the issue of synchroni-
zation for the Germans, as well as the British. The main 
Klein Heidelberg antenna array would be feeding a com-
panion receiver tuned to the same frequency, and that re-
ceiver would use pulse-to-pulse canceling to eliminate 
reflections and echoes from motionless objects like the 
ground or the water in the Channel. Only moving reflec-
tors [ 17], like aircraft, would produce signals from this 
receiver's processor. Once detected, the direction to that 
echo, along with its delay time after the receipt of the di-
rect Chain Home transmit pulse was noted. The delay time 
of the echo determined which ellipse on which the target 

was located, and the direction located the target on that 
ellipse. To check the result, a second Chain Home station 
would be tuned in and the process repeated. After suffi-
cient receivers had been hoarded by a receiving site, the 
receivers would be left tuned to their assigned transmitter, 
but the antenna beam and pulse canceller would be 

switched between receivers. This saved retuning time con-
siderably. The appearance of a moving target at the same 
location confirmed the target, whose progress would be 
followed, along with other targets. A bomber raid became 
quite obvious in appearance, being a huge swarm of targets 

The E.0.281 receiver tuned from 14 to 108 MHz, but 
had only a logging dial, and was a third-choice for 

Klein Heidelberg Parasit. 

stretching back many miles. 

Tactics: 

Although the Klein Heidelberg system proved adequate for 
early warning of when and where bombing raids were de-
veloping, thus enabling the Luftwaffe to stage their inter-
ceptors and anti-aircraft batteries optimally, the Germans 
had the presence of mind to continue using the Freya ra-
dars designed for early warning and even kept changing 
their operating frequencies and characteristics, to keep the 
Allies from figuring that some other method was being 
used for interceptor control. And other radars were con-
tinually being brought up, including a giant low-frequency 
(200 MHz) phased array radar called Mammut 
(mammoth), and many variations on Freya and Wasser-
mann. This kept the Allies busy designing countermea-
sures and employing them, while the Germans attained 
some degree of improvement in their interception scores. 
The temporary success enjoyed by the Germans in inter-
cepting swarms of bombers, especially RAF night bomb-
ers, puzzled the British at times, leading them to think the 
Freyas and Wurzburgs had devised new counter-
countermeasures, so that more jamming and Window was 
employed. It resulted in some improvement, but the losses 
in RAF bombers never stopped altogether, despite clever 
routing of the bomber streams and the use of mock streams 
of aircraft intended to draw away the German interceptors. 

But in England, R.V. Jones and his workers at Telecommu-
nications Research Establishment (TRE) suspected some-
thing other than blind luck was working for the Germans, 
and some puzzling statements by a captured German 
fighter pilot who got lost and ran out of fuel over England 

(Continued on page ¡ 1) 
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T bfts 

At a recent MAARC meeting 
Show-' n'-Tell program, Paul 
Klein showed a Little Nipper 

radio, or at least something that looked 
like one. But rather than a Model 45X-
n, where n is any number from 1 to 
about 113, this was a Model 5X5, from 
1939-1940. It used the same chassis 
and cahinet as the usual nipper, but the 

tubes were different and the circuit was unusual. 
Unusual because it was a transmitter and receiver all 
in one. The idea was to allow this small receiver to 
select stations to be heard, and then, when it is 
switched to "remote," energizing its transmit function, 
the station tuned in can be heard on a different 
receiver in the home, if that receiver is tuned to 540 
kHz, the nominal output frequency of the 5X5 set. 

Little Nipper radios never were the best-sellers they 
had been planned to be, and the Little Nipper Division 
at RCA was scrambling to find uses for the little 
radios that might boost popularity and sales. RCA 
executive Arthur Van Dyck was asked to work on 
some ideas for broadening the utility of these small 
radios, and the 5X5 was likely one of his ideas. It 
certainly was cheaper and less burdensome than the 
RCA "magic brain" remote controlled radio console 
being sold at that time. The owner of a large console 
could sit across the room in a couch or easy chair, 
with the 5X5 at his elbow. Any station tuned in with 
the 5X5 would have its program emerge from the big 
console, and the 5X5 could also adjust the volume 
heard, within limits. So it acted like a remote control. 

A year or so later, Van Dyck would be using the 45X 
chassis again, making a transmitter-receiver for 
forwarding emergency war messages to radios that 
would be operating in defense plants or officials' 
homes. Remember, also, that this is the model that 
was tried in Catalin cabinets, but the attendant costs 
apparently squelched that idea after only a few 
prototypes were made. 

At any rate, Paul Klein now has one of these relatively 
scarce sets, and he tried it out, even fabricating a 
needed power-line filter (a device specified by RCA to 
act as a channel to allow the 5X5 RF output signal to 
get impressed on the power line) to get it to work. It 
worked quite well within a room or at least on a given 
household circuit. The relaying of signals seemed to 

fail, though, when the 5X5 and the slave receiver were 
on completely separate circuits in the home, which 
might not have been such a problem in 1939, when 
most homes had but a couple circuits. Nostalgia Air 
shows the schematic on the web site. 

Above: Paul Klein with his 5X5 Little Nipper. 
Below: Arthur Van Dyck with a Little Nipper chas-
sis modified to send wartime warnings to users. 
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(Continued from page 9) 
led Jones to believe that the Germans might be exploiting 
Chain Home somehow. As a result, the pulse rate from the 
southern stations was changed to a new random-jitter 
mode, causing some inter-station interference that was 
tolerable, at least temporarily, in the hope that it would 
ruin any German synchronization scheme. For the Ger-
mans, it simply lowered the efficiency of the moving-
target cancellation process. When it appeared that this 
pulse jitter did not affect the capability of the German in-
terceptors in any first-order way, the jitter was stopped. 
and IRE studied other methods of disrupting any bistatic 
exploitation of tlyir signals. The easiest way, of course, 
was to shut down south-coast Chain Home stations on a 
random pattern, leaving the Germans with no illumination 
of their intended targets. But the Allies were at this time 
preparing for the invasion, and couldn't afford losing early 
warning of their own, mainly against German photo-
reconnaissance flights or harassment fighter-bombers. 
Photographic surveillance aircraft were especially worri-
some, because details of when and where the invasion 
would take place became the topmost secrets of that phase 
of the war. So the Chain Home signals were, instead, 
switched off on random patterns, hoping to make it diffi-
cult for the Germans. And, of course, the search for sus-
pected parasitic bistatic receiving sites began in earnest, 
even though everyone knew that receiving antennas for 25-
30 MHz could be very easily concealed. 

What the Allied countermeasures people should have been 
attempting is producing spoof targets for the Germans. All 
it would require is a series of repeaters, not unlike IFF 
(Identification, Friend or Foe) beacons that were already in 
use at UHF for positive identification of Allied aircraft, to 
simulate echoes from an aircraft. The string of repeaters 
could have progressively reduced delays inserted into their 
responses, and simultaneously be handed off one-by-one to 
companion repeaters, simulating aircraft flights that would 
appear to be changing range and azimuth, approaching the 
European mainland [ 15]. The reaction of the Würzburg 
signals would then be studied to see if there was a cause-
and-effect connection between the repeater signals and the 
radar activity. The use of many such repeaters over a pro-
tracted time would cause the Germans to become weary of 
these false alarms, and lose confidence in the system, not 
necessarily at the command level, but at the working level. 
The Allies were already using repeater jamming against 
other German radars, to considerable effect. 

According to Dr. von Handel, the bistatic radar system 
(recently identified as Klein Heidelberg Parasit) continued 
in operation until after the Allied invasion in mid- 1944. It 
was the threat of overrun of the receiving sites that finally 
caused the system to be discontinued, and by that time, 
German interceptor efforts, even when perfectly planned, 
were not able to make a difference in the bomb damage 
caused by the 1000-bomber raids on Germany. The inva-

The portable L-E (Leitstrahl-Empfanger) was a very 
good VHF receiver, using 7 Rv12P2000 tubes. 

sion also brought about an increase in the intensity of 
hunter-killer tactical raids by swarms of fighter-bombers 
that roamed about all of France and western Germany with 
relative impunity. And based on R. V. Jones' suspicions, 
everything that looked like a radar station, even wrecked 
ones, was strafed by these fighter-bombers. 

The Klein Heidelberg Parasit system became the world's 
first operational bistatic radar, and it cost the Allies hun-
dreds of aircraft lost to German anti-aircraft forces. The 
main advantage of such a system is that it is a passive and 
parasitic hitch-hiker on a friendly radar transmitting sta-
tion, and its presence is undetectable, electronically. Com-
bined with this unobtrusiveness, the system's performance 
was hidden by the German efforts to keep the traditional 
radar network and its communications chatter working, 
even though its performance had been eroded by Allied 
countermeasures. Allied assumption that the usual Ger-
man radar system was still performing, despite their coun-
termeasure efforts, created the impression that yet more 
countermeasures were needed, misdirecting considerable 

(Continued on page 12) 
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(Continued from page II) 
Allied scientific effort. The overwhelming Allied air 
power, though, carried the final reckoning, burying the 
Luftwaffe altogether. 

Endnotes, numbers continued from l'art 1: 

[14] This "UHF' receiver, marketed by Hallicrafters in 
1939-1941, was bought in huge quantities by the UK and 
German diplomatic missions to the US through regular 
raids of popular radio outlets in New York and other major 
cities. The German receivers . F-Ukw-E-e (Funk Ultra-
kurz-wellen model E, mark e) and Fu-H-E-d (Funk-Horch-
model E mark d), have been confused in Dr. Griffiths' web 
paper, the Ukw-E-e being called the Fu-H-E-e, the latter 
actually being a high-VHF and UHF receiver. 
[15] Not unlike the popular National HRO series of receiv-
ers. 
[16] The Kammhuber line was a layout of Freya and coop-
erating Wurzburg or Wurzburg Riese radars stretching from 
western France through the low countries and into northern 
Germany, tied in with squadrons of interceptor aircraft, 
and, later in the war, with radar-equipped night-fighters. 
[17] Of course, the aircraft being tracked had to be moving 
in such a direction that its echo jumped from one ellipse to 

another. Some flight directions made the echo stay on a 
given ellipse for a long period. This is why several dis-
parate transmitters were used for each track. See Part 1 
for an explanation of the detection geometry. 
[18] Using actual aircraft for "repeaters" such a scheme 
was used to confuse the German effort to detect and track 
the invasion forces destined for Normandy on 6 June 
1944. Huge numbers of aircraft flew in a tight cluster 
for about ten minutes, on a northerly course toward Cher-
bourg and possibly the low countries, turned around 
abruptly and returned for about 8 minutes, then made 
another turn-about, repeating this maneuver for several 
hours. In this way, the overall cluster of planes, each 
actually flying at 180 mph, behaved like an amorphous 
cluster of objects progressing at about 15 mph. To radars 
in German-occupied France, it looked like a stream of 
strong echoes moving slowly toward Cherbourg or Bel-
gium, convincing German Headquarters that the invasion 
was underway, and headed toward an area well north of 
the actual invasion force. 

BUILDING A REPLICA OF THE PARASET 
By Bob Kellogg, AE4IC, ae4ic@att.net. 0 Bob Kellogg, 2012 

I'd been looking for just the right project to build using tube technology when I found out about the Paraset 

(Part 1, on the Paraset history, was in Radio Age, September 2012). I was just a kid during WWII, and played 

"War" with the other kids on our block. Especially after seeing a movie showing secret agents operating behind 

the lines, we would all be secret agents for a week. The MK7 Paraset would have been our ideal radio. Since 

it's small, QRP power and size, and operates on two of the current ham bands, it seemed ideal for my glow-bug 

building project. 

Idecided to build the metal case 
version. It was about the size 
of a large Kleenex box and 

contained the complete transceiver, 
including a built-in key. It was easy 
to store and hide and move quickly 
if necessary. Only a few feet of 
antenna wire were required. The 
Paraset operated from a separate six 
volt vibrator supply, so a car batter, 
could power it. It used a 6V6 as a 
crystal controlled oscillator/ 
transmitter with an output of 4 to 7 
Watts. The regenerative receiver 
consisted of two 6SK7s. The re-
ceiver was very sensitive, but not 
very selective. A two-position range 
switch allowed continuous opera-
tion between 3.3 and 7.6 Megacy-
cles. Earphones supplied the audio. 
Figure 2 shows the schematic I 

Fi • ure 1. The finished Paraset re • lica. 

used. As I later found out, there are 
at least two versions of the sche-
matic with minor variations between 
the versions. 

The Paraset is described in some 
detail in a book, Secret Warfare, 
adapted by David Kahn, who trans-
lated it from the original French 
hook, written by Pierre Lorrain. 
This book, ISBN 0-85613-586-0, 
covers much of the equipment used 
in the clandestine warfare of WWII, 
including a section on the various 
secret code systems used. 

Finding the Parts 

The first task associated with a vin-
tage construction project is always 
finding the parts. In my case, I 
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(Continued from page 12 

found most of the necessary parts at Dayton last year. [For 
us in MAARC, these parts are relatively easy to find in our 
flea-markets. Ed.] I deviated from the "authentic" a little 
bit on the internals. I used some silver micas and other 
caps that were not vintage. The original Paraset used wafer 
tube sockets, but I used MIP Bakelite sockets. The hardest 
part to find is the 36 Henry choke. [Here, the primary of 
any output transformer suitable for a 6F6, 6K6, or 6V6 
will do. Ed.]. I used a large (too large) 30 Henry choke that 
was all I could find. I didn't have a good way to measure 
such a large inductance. 

Other parts that were hard to figure out were: 
a. The power plug. This turned out to be standard three pin 
Cinch-Jones connectors. The original used a female plug 
on the chassis and a male plug on the cord. For safety rea-
sons, most of the replicas reverse these plugs but I did not, 
but you should, so the exposed pins aren't "hot." 
b. The crystal jack was 3/4" spacing for large pins. I found 
three jacks at Dayton and bought them all, along with 
some crystals. When I got home, I discovered that two of 
the jacks were for slightly smaller pins than the vintage 
crystals. 
c. The coils in the set are home brew. You can find details 
of making the coils and parts for the hand key at 
IKOMOZ's excellent Paraset website, http://www.qsl.net/ 
ikOmoz/paraset_eng.htm. 
Be aware also that there are three 100 mmfd variables and 
one of them must have an insulated frame. The aerial and 
earth jacks are simply banana jacks. 

Construction 

The pictures show my Paraset in various stages of con-
struction. Several other hams have started construction of 
their own Parasets so before long we hope to have an all-
Paraset roundtable QS0. 

Building the case is an interesting problem. It has to be 
fashioned pretty much by hand if you want to build a real 
replica. The originals were made of steel, and 
mine is made from the tops of a couple of old 
VCR cases. The top and bottom pieces were 
bent first, into a "U" shape. Then, the end 
pieces were bent with tabs fitting inside of the 
"U"s. I used an aluminum chassis which just fit 
inside the bottom. Figure 3 shows the case as it 
was constructed from sheet steel. Regular gal-
vanized steel, about 20 gauge, was used for the 
end pieces and for the 1/2" strip around the top 
edge. This strip becomes the lip that overlaps 
the bottom of the case. I cleaned (sanded) the 
joint between the ends and the top and used an 
old, heavy, 250 watt soldering iron to make the 
joints. Soldering is tedious, and should be done 
starting at the center of a seam, working toward 
the end or edge. If you start at one end and 

work toward the other, the two pieces of metal will expand 
at different rates, resulting in gaps or corners which don't 
seem to match. However the soldering is done, this prob-
lem of differential expansion should be considered and 
made to work for you instead of against you. After the top 
and bottom shells were complete, I cut a 1/2" strip of metal 
and soldered it around the open edge of the top, forming 
the lip which overlaps the bottom of the case. Small gaps 
in the solder and other deficiencies can be repaired with 
automobile body putty before the final painting. Mine is 
painted with Krylon No. 1606 Pewter Gray Gloss, which is 
very close to some of the original WWII colors. Figure 4 
shows the underside of the chassis ready for wiring, with 
all of the hardware mounted. The rotary wafer switch in 
the middle was later replaced by a smaller rotary DPDT. 
The unfinished case and chassis fitted together before wir-
ing and painting is shown in Figure 5. 

In Figure 6, wiring has been completed. There are two or 
three layers of parts in some places. Note that a mixture of 
vintage and modern capacitors and resistors were used in 
the interest of conserving space. [Don't use the "black 
beauties," though. Ed.] Note the yellow two-turn coils at 
each end of the main coil. These are pickup loops for the 
tuning indicator lamps. During final testing these loops 
were reduced to one turn each to keep from burning out the 
indicator bulbs. Figure 7 shows an end view of the chas-
sis, highlighting the built-in hand key which was a feature 
of the Paraset. The key mechanism must be hand made. 
It's a simple lever with spring tension at one end and a 
screw adjustment on top of the chassis. The contacts are 
between the plastic block and the lever. The knob pro-
trudes from the lever through the top of the chassis. The 
smaller screw holds the key in place. 

Figure 1 on page 12 is the completed Paraset as it appears 
when the case is opened. Note the tubes are stored in clips 
inside the lid. The chart converts the 0 to 100 dial readings 
to megacycles, as the units of frequency were called in 
those days. 

Figure 2, schematic dwg. 
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Figure 5. Unwired case and chassis, ready for 
painting. 

Figure 6. Wired chassis, turned 90° 

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 
lanes on Rte 28. Map: 
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Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

SERVICES: Professional 
restorations for all TUBE TYPE 
antique table radios, floor model 
consoles, cathedrals, tombstones, 
battery sets, communication 
receivers and music amplifiers. 
Complete overhauls to factory 
specifications. Lacquer sprayed, 
hand rubbed cabinet refinishing. 
Reasonable rates. Free estimates. 
UPS/USPS/FEDEX/TRUCK 
shipments accepted. 4 year 
warranty on new parts.***350+ 
antique radios for sale***Bob 
Es linger/KR1U , Antique Radio 
Restoration & Repair, 20 Gary 
School Road, Pomfret Center, CT 
06259. Hours: 10am-4pm eastern 
time, Wednesday thru Saturday. 
Telephone: 860-928-2628. E-
mail: bob@oldradiodoc.com. 
Please come visit us on the web 
at http://www.oldradiodoc.com or 
stop by... when in the New 
England area. 

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: 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 

Wanted: Back issues of Radio Age 
newsletter . Condition not important. 
The articles and stories are just terrific. 
Please let me know if you have any 
prior to 2009 you might wish to donate 
to a MAARC member. Can pick up at 
Sully Station at December MAARC 
meeting. Please call me if you have 
some. Thanks, John at 757-897-9600 

For Sale by Non-Member: 1953 
RCA-Victor TV, Model 21-T-218; 
Atwater Kent Model 810 radio; 
RCA-Victor radio, not certain of 
model number. Contact me for 
more information or to make of-
fer. Billie Halloran, 13,442 Holly 
Spring Dr., Waldorf, MD 20601; 
phone: 240-412-0767; e-mail: 
halloranbe@comcast.net. 

Joe Sousa's circuit board with the components all identifiable 

from the schematic and text: Eye Tube Restoration— page 1. 
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Mid-Atlantic Antique Radio Club 
do Steve McAllister 
3903 Norwalk Place 
Bowie, MD 20716-1047 

Presort Standard 
US Postage Paid 
Permit 401 
Frederick, MD 

iiii.1.1.1.111111.1.1. 
229*********"***AUTO**SCH 3-DIGIT 220 
Bruce Shetrone 
1000 South Eads Street Apartment 836S 
Arlington VA 22202-2991 

MALIIZC llaur Gettencri 
Sun., Nov. 18 

Sun., Dec. 16 

Sun. Jan. 20 

Sun. Feb. 17 

Sun. Mar. 17 

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 radio year = 1953, Presenta-
tion: Charles Richardson, "Restoring Magnetic Tapes." 

MAARC meeting at the Sully Station Community Center, near 
Dulles Airport. See p.15 for map and directions. Tailgating at 
11:30, meeting at 1:30. Display table radio year = 1954, 
Presentation: Paul Bernhardt and NRL's Electronic Railgun. 

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 radio year = 1955, Program 
will be the New Year's Super Show-' n'-Tell . 

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 radio year = TBD, Presenta-
tion: TBD 

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 radio year = TBD, Presenta-
tion: TBD 

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