
RADIO AGE 
The Vintage Radio Journal of the 

4 ..1 '4\...] i Mid-Atlantic Antique Radio Club 

Volume 36 November 2011 Number 11 

RADIO ECHOES...ECHOES...ECHOES PART 2 
BY ED LYON 

in Part 1 of this series, we covered those radio echoes that are delayed by multiples of approximately 0.14 second, 
the result of the radio signal propagating around the earth, any number of times. This effect is confined to the 
radio spectrum between 3 MHz and 30 MHz, the High Frequency range, which exploits earth-to-ionosphere hop 
propagation. We also noted radio echoes delayed by up to "several seconds," the result of lower frequency signal 
propagation deep into the magnetosphere, and other minor delays due to retarded-speed waves into earth's iono-
sphere. Part 1 ended with an introduction to a project by the Naval Research Laboratory into deliberate moon-
bounce signaling, a mode that injects about 2.6 seconds into the signal delay. 

0 NE OF THE Naval Research Laboratory's 
(NRL's) accomplishments during World War 
Il was the hurried development of electronic 

countermeasures for the German Henschel 293 and 
Fritz-X radio-controlled glide bombs. Italy had just 
capitulated and was delivered into Allied hands, along 
with her dejected dictator, Mussolini, and her 
powerful Mediterranean fleet came 
along into Allied control as part of 
the surrender. Of course, Germany 
was not pleased with this turn of 
events, and immediately attacked 
the Italian fleet as it steamed 
toward Allied-controlled Malta [ 1]. 
The Germans respected the 
American and British interceptor-
aircraft forces, and did not send 
masses of bombers to attack the 
fleet; instead, they relied upon 
single (or very small formations of) 
radio-equipped bombers carrying 

radio-controlled glide bombs, either Fritz-X or 
Henschel Model 293s. In the bomber, a second 
pilot operated a tiny electronic control box, 
complete with joy-stick, and the modulation of the 
signals sent from the bomber to the dropping bomb 
was manipulated by this second pilot, controlling 
flight direction of the bomb. Basically, he flew the 

bomb directly into the targeted ship 
below. Battleships Roma and Italia 
(ex-Littorio) were severely damaged 
in the attack; Roma caught another 
later bomb and sank [2]. 

Based on a reported interception of 
the bomb's radio control signals, 
NRL's countermeasures team under 
Howard Lorenzen hurriedly patched 
together a jammer they called the 
XCJ, which turned out to be 

(Continued on page 3) 
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(Continued from page 1) 
ineffective when first tried at Anzio, because the 
frequencies reported earlier were wrong. A quick 
modification by two of Lorenzen's men, Jim Trexler 
and Ed Speakman, yielding the XCJ-1, worked well, 
but being manually tuned could quickly become 
overwhelmed in a mass attack by several bombers 
dropping Fritz-Xs all at once. Capture of a Henschel 
293 enabled Lorenzen's team to make a proper 
jammer that covered all the control frequencies, and 
by this time, the Harvard/Airborne Instruments Lab 
group (the so-called Radio Research Lab under Fred 
Terman) had also produced good jammers for a large 
family of German radio controlled weapons. The war 
soon ended, insofar as Germany was concerned, and 
not many months later it was over, completely. But 
Lorenzen and Trexler had learned something vital in 
this frantic experiment: there is no substitute for 
actually experiencing the enemy's signals, if it's 
countermeasures you are designing. Trexler would 
remember this in the cold war years that followed. 

Coincidentally, Hoyt Taylor, the NRL Radio Division 
Superintendent, had also remembered the trying times 
experienced by Navy radiomen in the war, trying in 
vain to contact each other in combat, but failing 
because they didn't understand the subtleties of 
ionospheric-bounce shortwave communication, 
especially in the urgency of battle. By using the 
wrong frequency, even though it had been prescribed 
by higher authority, communication was made 
impossible. Based on what he had heard of the 
Army's successful radar reflections from the moon, 
Taylor reasoned that they ought to forget shortwave 
ionospheric-bounce communication, and try VHF or 
UHF radio signaling, instead. But, since signals at 
these frequencies would not propagate very far on a 
spherical earth (simply line-of-sight) one might use 
the moon as a reflector in the sky, much as successful 
shortwave communicators use the ionosphere as a 
"reflector." That way they could achieve long range 
(thousands of miles) communications at frequencies 
up in the hundreds of MHz, where there was plenty of 
available spectrum, and both voice and data (or 
video) communications could be worked. His vision 
was to be able to talk to the fleet while it was far out 
at sea, through the use of land-based Navy commun-
ications stations, and the moon, of course. 

But the war was over, according to the Navy brass 
and Congress, and getting funding for something that 
wasn't an immediate problem was impossible. 
Convenience, or the lack thereof, in communications 

was not an urgent problem, so they told Taylor. But it 
looked like Trexler, who had a potentially more 
urgent problem (stopping enemy guided bombs and 
rockets from finding their targets), might be able to 
obtain the experience of gaining the exposure to 
covert enemy radar and radio signals that he desired, 
through the same moon reflector method, so Taylor 
discussed his moon-bounce signal scheme with 
Trexler. Based on some preliminary calculations of 
the signal paths needed, and the losses expected, 
Trexler concluded that a proper antenna on the earth 
could receive readable signals from radars deep in 
Russia, even though the radars were not actually 
aiming their main power at the moon. Simple 
accidental leakage of radar signals toward the moon 
could possibly be detected at properly equipped 
stations in the western hemisphere, when the moon 
was in the right position. 

Trexler proposed the scheme to Lorenzen, got 
approval, and, based largely on Lorenzen's 
formidable renown in Washington, he got full 
funding for such an experiment from the Naval 
Security Group (NSG), even though they didn't like 
the idea at all. It was Congress who liked it, and 
NSG quickly learned to like it. Taylor was prompt to 
step forward to "help," just in case an opportunity to 
try communications to some distant Navy place 
presented itself in the experiment. Taylor's signaling, 
as a matter of fact, was a good way to start the 
Trexler eavesdropping experiment, for this way you 
could actually measure the efficiency of the intercept 
path, since you knew the power levels involved and 
presumably knew the signal pathway. 

Remember that the Army's test of moon echo 
reception using a modified SCR270 radar, done in 
1946, was not considered completely satisfactory 
within the Signal Corps, because the radar pulse had 

(Continued on page 4) 
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(Continued from page 3) 
been stretched 
considerably [3] by the 
extended surface of the 
moon. When you hit the 
whole moon with a 
pulse of radio energy, 
you get a reflection from 
the nearest part of the 
moon as well as a 
continuum of annular 
areas that expand in size 
until they represent the 
full moon diameter. The 
Corps' worry was that 
the reflector offered by 
the moon was huge and 
was at a spread of 
ranges, depending on 
where on the moon the 
majority of reflection 
takes place. Taylor and 
Trexler, however, had a 
more sensitive "radar" 
system in mind, one with a transmitter near Wash-
ington and a receiver many miles away, on the west 

coast. Each would have as large an antenna as 
possible. They didn't intend to illuminate the whole 
moon with a long pulse of transmitted energy. 

For a start, Trexler got his chief mechanical engineer, 
Charles Price, to design a huge parabolic dish 
antenna, mounted on or in the ground. He would 
then steer a high movable antenna as it stared into the 
dish, its reflection being concentrated into a narrow 
beam aimed at the moon. On the west coast, or 
wherever they wanted to measure the reflected signal 
(and where Taylor would communicate), they would 
erect another (receiving) antenna aimed at the moon. 
For transmitting, Price and Trexler selected a level 
piece of swampy land near Indian Head, MD, at a 
place called Stump Neck. There he had bulldozers 
scoop out a perfect parabolic oval depression in the 
ground, piling the scooped-out soil around the 
depression to extend its effective diameter. When 
finished, it was over an acre in size. They built a 
drain in the bottom, to prevent rainwater 
accumulation, and asphalt-paved the whole 
depression, compacting the asphalt as you would a 
highway. Then Price lined the entire depression with 
a galvanized steel mesh, welding all seams in it as 
Trexler dictated, so that no poor or indifferent 

contacts were possible in the surface. Trexler was 

The NRL Stump Neck asphalt-paved parabolic dish antenna (from Howeth). 

not about to contaminate his intercepted signals with 
the noise of intermittent metal-to-metal contacts or 
corrosion. 

The tough part was yet to come. From two large 
towers near the edge of the dish, they suspended a 
boom that carried a large horn-type antenna out over 
the dish, aimed downward into it. Their transmit 
antenna was ready. Trexler wanted the big dish to 
handle both transmitting and receiving, figuring that 
with a 2.6-second echo delay, there would be plenty 
of time to switch the antenna from Transmit to 
Receive. Taylor wanted a receiver set up far away, to 
test his communications mode. For a distant 
(California) receiver, Taylor used an existing war 
surplus shipboard radar antenna, Model SK- 1, about 
17 feet in diameter, also parabolic, and having a 200 
MHz Yagi as its collector element. Any signals 
falling into the parabolic SK-1 dish would be focused 
on the Yagi, and its output ran to the bank of 
receivers. Taylor's assistant, Leo Young, built a 
duplexer for Trexler, so he could use all of the radar's 
pulses, and wouldn't have to do any T/R switching. 
All was ready by October 1950, for a test of the 
system. They used a pulse transmitter that could 
produce 10 kilowatt pulses into the horn high above 
the one-acre Stump Neck earthen dish, and set the 
timing such that they transmitted ten pulses per 
second, with each tenth pulse coinciding with the one 

(Continued on page 5) 
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(Continued from page 4) 
-second ticks of Bureau of Standards station WWV, 
in nearby Beltsville, MD. They adjusted the cables 
from the two towers to aim the horn to the direction 
calculated to produce the concentrated beam aimed 
exactly at the moon's center. 

Trexler and Taylor were astounded at the crisp quality 
of the echoes they obtained from the moon, 
characterized by their uniform delay time, which was 
about 2.6 seconds. The transmitter at Stump Neck 
produced 100 microsecond pulses, a full 10,000 times 
shorter and sharper than those used by the Army back 
in 1946, and the receiver collected an amazingly 
steady string of discrete 100-microsecond echoes, 
apparently coming from a featureless moon surface. 
It appeared that the bulk of the echo signal came 
from a flat surface whose effective diameter was 
about 300 kilometers. They knew the moon was arid, 
and its surface probably had poor conductivity, so the 
actual area doing the reflecting was considerably 
larger than 300 kilometers in diameter, but the 
reflectivity was poor, reducing the power of the echo. 
Taylor was ecstatic; at the bandwidths the radar used 
he could communicate high-speed multiplex 
telegraphy via the moon, fulfilling a Navy need to 
communicate data to and from a distant fleet at sea. 
Trexler immediately calculated when and where he 
could steer the transmitter beam as a function of time 
and date, for after all, the moon was in motion and 
was not always in the proper position to reflect a 
signal from one specific spot on earth to another 
specific spot. On the day after Thanksgiving, he 
connected a microphone to the transmitter, sent a 
short greeting, and switched to receive. His voice 
came back, being the first human voice signal to 
travel the 2.6-second delay earth-moon-earth journey. 
He then switched to receive-only, and began the 
search for foreign VHF/UHF radar signals. 

He scanned his receivers in frequency and soon 
found several pulsed radar-like signals, including 
some with long complex pulses having chirp-like 
frequency swings. His calculations told him 
approximately where in the USSR the signals must 
have come from. But the signals were sparse and 
weak, and Trexler realized he was seeing only a few 
of the emissions, those that might have been 
temporarily directed toward the moon, probably by 
accident on the part of the radar operators. Once the 
mistake would be discovered and corrected, he knew 
he would lose those signals. He spent the next two 

The feed horn elevated above the asphalt dish. The 
horn on the ground, bottom left, is a calibrating 
standard horn used for computation of the total 
path loss over the earth-moon-earth echo path [14]. 

years practicing these intercepts, gaining a few "hits" 
now and then, but perfecting the intercept receivers' 
designs, not fully realizing how valuable this 
experience would be in a few years when he had to 
design satellites to do the same task. 

Taylor's group, however, working the same 
equipment in a communications mode, made good 
use of the Stump Neck facility, sending trial radio 
message signals to California, Washington (state), 
and Hawaii receiving stations. When he tried voice 
modulated communications he was dismayed that 
nobody seemed ready to accept the 2.5-second delays 
in the replies. This mode would be useful for data 
and video communications, perhaps, but would be 
non-user-friendly for trying to carry on a conver-
sation, and this might have to wait for the 
development of more powerful transmitting tubes to 
allow wider bandwidths. For radio amateurs, like 
Taylor, it was just like ham radio; you said your 
piece, then said "over," and the correspondent would 
take over the talking, concluding with his "over," 
after which it was your turn again. The 2.5 to 2.6 

(Continued on page 6) 
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(Continued from page 5) 
second delay was not a problem to hams. 

It was natural, therefore, that the hams 
might try communicating via the 
moon, using it as a reflection surface. 
The limits on transmitted power 
imposed by law, and the limits on 
antenna gain imposed by financial 
constraints kept the early ham 
experiments [4] from conducting any 
but scientific studies, because the 
signals recovered from the long 
journey to the moon and back were at 
the very edge of detectability, and 
could carry little information. The 
hams involved in those first ( 1953) 
tests of amateur moon-bounce mode of 
communication had roughed out the 
computation of the tremendous path 
losses involved, and hoped for the 
best, narrowing the receiver bandwidth 
to a few Hz so as to reduce noise as 
much as possible. Very slow Morse 
keying was all they could use, and it 
required constant receiver tuning to 
keep up with the apparent velocities 
between their stations and the moon 
(caused by the earth's rotation and 
moon's motion in its orbit). The 
Doppler effect due to these velocities 
can reach several hundred Hz in the 
UHF ham bands. 

It would not be until 1960 that two 
way communications via moon bounce by hams was 
successful. This contact was between a group in the 
Eimac (San Carlos, California) ham club and the 
Rhododendron Swamp Radio Club moon-bounce 
group in Massachusetts, on July 17, 1960. Robert 
Sutherland (W6P0), Bill Eitel (W6UF), and Hank 
Brown (W6UF) were three in the California team 
who made this contact. Hams struggled to improve 
the moon-bounce mode through signal processing 
and trials at many different frequencies trading 
increasing antenna gain for increasing path losses 
(both occurring as the frequency was increased). 
They built better and better transmitters and receiver 
preamplifiers, fighting for every fraction of a decibel 
of performance, finally getting the FCC to approve a 
temporary increase in transmitter power from the 
usual upper limit of 1 kilowatt (for amateurs) to 2.5 
kilowatts, granted to Bob Sutherland and the SRI 
radio club on June 24, 1975 [5]. 

Meanwhile, back in Maryland, Trexler's experiment 
capturing serendipitous moon echoes from foreign 

radar sets got others at NRL to see what 
the moon's surface was like, as a reflector, 
for up-to-date radar signals, not those 
archaic 100-MHz and 200-MHz pulses 
that the Army's and Taylor's World War 2 
surplus shops came up with. And they 
would not have to brave the mosquito-
infested Stump Neck woods, either, since 
these modern radars incorporated sizeable 
antennas of their own. They succeeded in 
getting moon echo data at S-band (about 
2500 MHz), using a radar system located 
near the NRL pier on the Potomac, about 
ten miles upriver from Stump Neck [6]. 
Trexler continued his work at Stump 
Neck, however, testing many other more 
versatile antennas, such as groups of four 
parabolic (SK- 1) antennas mounted on a 
common structure, and arrayed together, 
flat-screen (SK) reflector antennas, and a 
spread of frequencies ranging from his old 
200 MHz to well over 1000 MHz, finding 
that the 1-acre paved dish, which had been 
lined with galvanized steel mesh, had too 
great a mesh pitch for frequencies above 
400 MHz (the pitch was 3" x 3"). Most of 
his work dealt with the perfection of 
receiving-quality antennas and low-noise 
frequency-agile receivers, and this would 
come in handy when the age of satellites 
came, in about five or ten years. 

BEM 

Top, Trexler's radar 
pulse, as received, with 
mileage scale below it. 
Bottom, same pulse with 
scale drawing of moon 
surface curvature. show-
ing small moon area 
contributing to echo. 

The use of the moon as a passive reflector is still 
popular in the ham community for experimental 
communications. After all, this earth-moon-earth 
(EME) propagation path represents the longest ray-
path feasible for communication between two earth-
bound terminals, and presents an exciting challenge 
for the adventuresome ham. Some hams have tried 
double-bounce experiments, after having succeeded 
in getting reliable one-bounce data transmission to 
work. Their calculations of path loss should have 
been daunting, but some have made the attempt, 
anyway, using large arrays of Yagi antennas for both 
transmitting and receiving. They must feel about like 
Marconi did when faced with his 1901 trans-Atlantic 
experimental "S" message. 

So it appears that we can readily get radio echoes 
delayed by multiples of 0.14 second, representing one 
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(Continued from page 6) 
or more signal trips 'round the world, variable echo 
delays of various delays caused by reflection of 
signals from ionization in the earth's highest 
atmospheric regions, the magnetosphere, and echoes 
from the moon, requiring about 2.6 seconds delay. 
Finally, there are radio echoes that are delayed by 
varying periods ranging from a fraction of a second to 
several seconds, these observable on very low 
frequency signals ( 1-30 kHz, technically in the ELF 
and VLF bands) [7], under the right conditions. 
These were briefly mentioned in Part 1 of this piece. 
Scientists have found several ways of creating these 
signals, and studying their echoes, which sometimes 
appear to be amplified when they return. That's right 
— amplified, rather than attenuated as would be 
expected after a signal travels a great distance. To 
observe such a signal behavior, it is necessary to 
create a horizontally-polarized very low frequency 
wave [8]. One must remember that we are talking 
about radio waves having wavelengths between 
10,000 meters and 300,000 meters in length, and that 
the antenna required to launch such a wave, 
horizontally polarized, would have to be at least 
several thousand meters in height above ground, and 
it would have to be over ten thousand meters in 
length. 

One clever way these signals have been generated, on 
just such an antenna, was accomplished at Siple 
Station, 
Antarctica. 
There, the 
snow accumu-
lates every 
year, packing 
due to its ac-
cumulating 
weight and the 
winds, to form 
an ice that is 
non-conduct-
ing and has a 
relatively low 
dielectric con-
stant, not like 
that of water 

snow, giving it a lifetime of several seasons. The 
dipole is energized by a large audio amplifier that 
produces a signal at any suitable audio frequency, 
such as 1500 Hz. The signal is pulsed, with 2-second 
pulses, for example, that recur every ten seconds. 

Half a world away, in Roberval, Quebec, where there 
is a cooperating receiving station, the low-frequency 
pulses are heard, using a magnetic-loopstick-fed 
receiver, since there is no way a dipole can be made 
to work well at 1.5 kHz without the convenient 
elevation you get from deep Siple snow-pack. But the 
received signals are not seen 70 or 75 milliseconds 
later, like was experienced between Johnston Island 
and its antipode in Part 1, but, instead, they appear 
about 1.6 to 1.8 seconds after the transmission starts. 
Further, the received 1.5-kHz signal sometimes spalls 
into a shower of rising/falling tones, not just the 
steady 1.5 kHz that was transmitted. The signal does 
not stop at this point, but bounces back to the vicinity 
of Siple Station again, after having spent about 5.7 
seconds somewhere. On its return to Siple, it retains 
the same spalling into whistlers as was seen several 
seconds earlier at Roberval, Quebec. The picture here 
shows data from such an experiment, conducted by 
scientists at the Star Laboratory, Stanford University, 
under Dr. Umran man, in 1977 [ 10]. 
It is found that these signals travel over great 
distances, following magnetic "shells" (or magnetic 
field line profiles) which terminate on the transmitter 

(I 10 10 I lint: ( sic) 

Dr. man's 1977 data showing a transmitted 1.5 kHz pulse of 2 sec. duration, from Siple 
Station, Antarctica, that arrives at Roberval, Quebec, with whistlers attached, about 1.7 
sec later, then reappears at Siple more than 5 sec. Later, returning to Roberval again. 

[9]. At Siple Station, this ice is many thousands of 
meters in depth. Simply laying a wire dipole on the 
surface of this ice/snow would work just fine as a low 
-frequency antenna, but would disappear under the 
snow within a season. So the Siple dipole antenna, 
comprising a center-fed wire some 21 kilometers in 
length, is supported on wooden poles stuck into the 

site latitude and the receiving site latitude [ 111 These 
shells are fairly close to the earth for low-latitude 
terminating sites, such as in the southern US, but 
reach to extremely high altitudes (up to 25,000 to 
50,000 km height) for Antarctic and Canadian/ 
Alaskan sites. Thus, the farther north or south the 

(Continued on page 8) 
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(Continued from page 7) 
transmitter, and receiver, of course, the 
farther the travel of the ELFNLF 
wave. The apparent amplification of 
the signals as they traverse these shells 
occurs because these waves are trapped 
or guided by the magnetic field lines, 
as if in waveguides, and do not spread 
in the usual sense [ 12]. 

A second way of producing these ELF/ 
VLF radio signals is through 
exploitation of the Luxembourg effect 
[13]. This is the heterodyning of 
signals as they pass through the 
ionosphere, made more intense if one 
or more of the original signals is of 
very high power level. The HAARP 
transmitter in Gakona, Alaska is an 
ultra-high-power shortwave transmitter 
(2-9 MHz) system that feeds an 
upward-looking antenna array of 
heroic proportions. The result is a 
narrow pencil beam of radio waves at 
effective power levels measured in 
hundreds of megawatts. The beam is 
steerable to allow probing various 
areas of the overhead ionosphere. 
HAARP can produce two signals 
simultaneously, and can set these 
signals at frequencies that differ by, 
say, 1.5 kHz. The result is an intense 
heating of the ionosphere which causes 
the two signals to heterodyne (mix), 
yielding the difference frequency, 1.5 
kHz in this case. After the generation 
of this new signal deep in the 
ionosphere, it propagates much like the 
ELF/VLF signal generated at Siple 
Station, creating delayed-receipt 
signals somewhere down in the South 
Pacific (the magnetic conjugate point 
of Gakona, Alaska), where scientists 
have placed instrumented tethered 
buoys to receive the signals and 
telemeter them to the scientists' labs 
via satellite. As in the Siple experiments, there is 
again a return of the signal, sometimes with squeals 
and whistles added, to the HAARP vicinity, some 4-6 
seconds later, and often another return to the south 
Pacific, and back again. 

Injected 
Reflected 

vaves Heated waves 

region 

Wave-particle 
Interaction 
region 

Amplified and/or - 

triggeredwaves 'e—Reflected 

waves 

The geometry of man's HAARP-Tangaroa signal echo mode, show-
ing the tremendous distances covered by the signals. The earlier 
Siple-Roberval paths were very similar. Data shown below. 
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Dr. Inan has repeated these experimental echo 
producing events many times, and finds that using 

HAARP as the generator is more convenient than 
maintaining the 27-km antenna at Siple. In a 2004 
paper in Geophysical Letters (Vol. 31) he describes 
HAARP swept-frequency injections that bounce back 
and forth with 8 and 12 second delays. An 
illustration of these delays is shown here. The 

(Continued on page 9) 
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(Continued from page 8) 
HAARP ELFNLF injection was achieved by simply 
amplitude-modulating the HAARP 3.25-MHz carrier 
with a swept audio-frequency (500-Hz to 5000-Hz) 
signal, which yields the multiple signals (carrier and 
sidebands) that heterodyne to produce the ELFNLF 
radio signal in the ionosphere above HAARP. At 
nearby Chistochina, Alaska, a receiving station was 
set up for the experiment, while down south in the 
Pacific, just off New Zealand, the research vessel 
Tangaroa carried a receiving antenna and receiver 
(and plenty of Dramamine [ 15]) to capture the 
descending ELFNLF signals. Note that only the 
ELFNLF interval of about 1200 Hz to 1800 Hz 
seems to be effective in propagating the great 
distances involved, and this is the interval that is 
effective in exchanging energy with the ambient high 
-energy electrons spiraling around the magnetic field 
lines, resulting in the selective amplification of the 
signals in this frequency interval. 

As for those radio amateur reports of hearing their 
own signals (at shortwave [HF] frequencies) some 5-
10 seconds after signing off, we know of no raypath 
modes that would support these kinds of echo delays, 
with the exception of the mischievous cassette 
recorder pranks that Mike Villard [ 16] reported in his 
original QST article on LDEs. 

References: 
[1] The Italian Navy had tried to fool the Germans 
into thinking they were actually steaming eastward to 
attack the British fleet, but their signal codes had 
long been broken by the Abwehr. 
[2] Olson, Hank, and E. Lyon, "Anti-Radar—A 
Golden Anniversary-3," Radio Age, 21, 3, pp. 10, 11., 
March 1996. 
[3] The 1-second-long pulses came back stretched at 
least 30 milliseconds, implying a maximum 
bandwidth capability for the path of less than 100 Hz, 
barely enough for hand-keyed Morse. At higher 
frequencies, and over wider bandwidths, the area of 
the moon involved in the signal reflection is reduced 
from the whole-moon condition experienced by the 
1946 Signal Corps effort. 
[4] Bateman, R., and W. Smith, "Lunar DX on 144 
Mc," QST, March 1953, pp 11, 12. 
[5] Per messages from Bob Sutherland, when he and 
this author were at SRI International, in 1994. 
[6] Yaplee, B. S., et al., "Radar Echoes from the 
Moon at a Wavelength of 10 cm," Proc. IRE, 46, 1, 

Jan. 1958, pp 293, ff. Also see Trexler's paper on his 
moon echoes, same issue of Proc. IRE, pp 286, ff. 
[7] ELFNLF refers to Extremely Low Frequency/ 
Very Low Frequency in the official jargon. 
[8] The reason we need here a horizontally-polarized 
wave is that we need to direct the wave upward, and 
not have it cling to the earth's surface, as is the case 
with ordinary vertically-polarized VLF communi-
cations stations' signals. These "ordinary" vertically-
polarized VLF stations use vertical monopole 
antennas having enormous "top hats," or wire 
networks on top of the radiating towers to increase 
the VLF current in each radiating tower. These 
ordinary antennas have efficiencies of the order of 
0.1 percent, while the Siple Station dipole operated at 
almost 20 percent efficiency. 
[9] Ice has a dielectric constant of 4.2; water has a 
value of about 80, and packed snow runs about 2.0, 
all with respect to air or vacuum, at 1.00. 
[10] Some of Dr man's work can be found on the 
Stanford Star Lab web site. 
[11] This refers to geomagnetic latitudes, based on 
the magnetic poles, not geographic latitudes, which 
are based on the spin axis of the earth. 
[12] In addition, these ELFNLF waves upset the 
spiraling of energetic electrons (from the Van Allen 
belts), causing them to precipitate into the 
atmosphere as they descend toward the poles. These 
electrons would otherwise have naturally tightened 
their spiral pitch and reversed direction along the 
magnetic lines, thus returning to the opposite pole. 
The interaction between these electrons and the ELF/ 
VLF wave exchanges energy between them, which 
can make the wave stronger. Gains of 30 dB can be 
seen. 
[13] See Lyon, Ed., "The Luxembourg Effect," Radio 
Age, March 2002, page 1 if. 
[14] Photo from Leo Young artifacts, courtesy of 
Robert Young (Leo's son) estate. 
[15] That part of the ocean is one of the roughest in 
the world, with regular 30— to 50-foot waves. 
[16] See references in Part 1 of this series, Radio Age, 
September 2011 issue. 

Part 3 of this series will be in the January, 2012 
issue of Radio Age. It will feature the remaining 
artifacts at the old Stump Neck moon-bounce site 
discovered in an exploration made by this author and 
Al Giambalvo, an official at the Navy's Indian Head 
facility. 
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W E had a Tidbit in Radio Age 
back in May 2003 (page 10) 
on the Infradyne radio, an 

unusual and rare receiver designed by 
E. M. Sargent in 1926, and described by 
him in the August 1926 issue of Radio 

magazine (Vol. 8, pp 11,ff. August 1926) . As we 
noted in 2003, this superheterodyne radio uses up-
conversion rather than the usual down-conversion, 
yielding an intermediate frequency of 3600 kHz. The 
advantages of this circuit are that a single tuned stage 
in the receiver's "front end" is sufficient to prevent 
signals at the image and IF frequencies from 
interfering with the desired station's signal. The 
disadvantage is that the tubes of the day were 
ordinarily hard 
pressed to achieve 
much amplification at 
such a high frequency. 

But Sargent applied 
feedback in and 
around the IF 
amplifier stages, a 
combination of 
negative and positive 
feedback, adjustable 
by manipulating a 
variable capacitor. 
This capacitor, when 
adjusted, changed the 
receiver ampli-
fication, and at the 
same time changed 
the selectivity in a 
major way. 

Another strange 
feature of Sargent's 
Infradyne (produced 
by Remler), was the 
lack of any d-c 
connection of the 
ground or chassis to 
the grids of the IF 
amplifier tubes, 
universally considered 
diagram, but it was no 
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was always some leakage in the components (such as 
the variable capacitors) to get sufficient grid leak 
action. The schematic certainly indicates no d-c 
connection of the IF amplifier tubes' grids to B- or the 
chassis, but, instead, these grid returns simply float, 
sort of as in deForest's audion circuits. I would think 
that if anyone finds any of these IF amplifiers, they 
might perform better if a 1-Meg resistor is added from 
each grid to B-. 

The Proceedings of the IRE, July 1959 issue, has a 
letter to the editor on this subject, written by the 
famous radio astronomer, Grote Reber. He was 
amazed that a circuit using negative feedback could 
have been dated that early. Negative feedback as a 
concept was usually attributed to engineers at least ten 
years later. 

A Remler Infradyne radio with the Sargent 3600-kHz IF amplifier indicated at top. 

The Infradyne IF amplifier, proper, as taken from Reber's letter to the IRE. 

an error in the schematic 
error. Sargent claimed there 

(Continued on page 11) 
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(TIDBITS, Continued from page 10) 
Reber showed the following 
measurements of the selectivity variations 
obtainable by adjusting the single 
feedback capacitor, labeled C in the 
schematic, a clearer version shown here. 

What an unusual circuit! And in 1925 or 
1926! We believe MAARC's Gary Alley 
owns one of these rare sets. 

KILOCYCLES 

Fig. I—Circuit diagram of 3600 kc amplifier. 
Condenser C controls the feedback. 

Fig. 2— Response curve with maximum feedback. 
Over-all gain, 11.1 db. 

0,-

SO -O. .50  too 
KILOCYCLES 

Fig. 3—Response curve with moderate feedback. 
Over-all gain, IRA db. 

6.3— -7 

KILOCYCLES 

Fig. 4—Response curve with minimum feedbac% 
Over-all gain, 47.2 db. 

R
ADIOFALLFEST, MAARC's annual fall 
classic combination antique radio meet and 
hamfest, saw a dramatic change in the 

weather around these parts. As recently as Friday, 
October 14th, it was dreary, rainy, dark, and 
miserable, but by the le, the day of RadioFallFest, it 
was sunny, bright, and ideal for fleamarketing and 
browsing among the 55 or so vendors set up at 
Davidsonville. Many radios and parts changed hands 
in the lot, and many bargains were to be had. At 
about noon, Domi Sanchez and Brian Belanger 
conducted the biggest auction we have seen here in 
years, attended by nearly 100 members. Plenty of 
fine old radios and ham gear, including a nice AKIOC 
breadboard, complete with a custom power supply, a 
Rogers tombstone set, several cathedrals, and a mint-
like Collins KWM-2A. Proceeds from the big meet 
have not yet been fully tallied, but will be available 
for next issue of Radio Age. 

RadioFallFest auction scene: Table loaded with goodies, 
including AK10C, Philco cathedral, tubes galore, and 
much more. 
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BILL AND JOE-PART 10 
BY WALTER LINDENBACH 

Last time, Bill and Joe made a transformer to couple Joe's 12-foot random wire antenna to a shielded cable lead 
-in, and to his receiver. Just how this improves the signal strength in the receiver is the theme, here. 

What's a Decibel? 

When Bill told him that the transformer would 
increase signal strength at his receiver by 12 dB, Joe 
could hardly wait to connect and try it. 

"But," began Joe, "first tell me how the trans-
former increases signal strength." 

"Okay. But then, you need to know about deci-
bels -- dB. 

"The original unit was named after Alexander 
Graham Bell and was called a Bel. It was too big for 
engineering use, so the standard unit became a deci-
bel which is one tenth of a Bel. 

"The decibel is a unit of comparative value. 
This is a very important distinction. The decibel is 
different from volts or amps which specify a quantity 
without reference to anything else. If you see a num-
ber with 'dB' after it, the proper question to ask is ' dB 
compared to what?" 

"But," interrupted Joe, "a comparison with 
what? Size, shape, carrots, turnips --?" 

"Oh, ha ha! Cute! No, no: differences, or actu-
ally, ratios in power. The power quantity ratios repre-
sented by decibels can apply to light, heat, radiation --
radio signals or otherwise -- sound, or any power 
form that produces psychological effects in us. The 
response of our ears to changes in volume of sound is 
logarithmic and that's why decibel differences are 
related as logarithms. 

"Think about increasing audio power to a loud-
speaker by a factor of two -- from 1 watt to 2 watts. 
Here's how we figure out how many decibels that is: 

number of decibels difference = 
10log P2/P1 when P1 and P2 are in watts, or 

number of decibels difference = 
201og V2/V1 if the ratio is defined in volts. VI and 
V2 are in volts. 

So, if P2 is 2 watts and Plis 1 watt, 

number of decibels difference = 
101og 2/1= 10(0.301) =3.01 dB 

That means that doubling the power produces a 
sound level increase of about 3 dB. That sound vol-
ume difference is close to the minimum difference that 
the human ear can detect! Which is tiresome, because 
increasing amplifier power output by a factor of two 
takes quite a bit of bother and expense, and what do 
you get for it? A volume increase that is just notice-
able! It's not fair. 

"Now, your antenna. This time, we are consid-
ering a voltage ratio, primary to secondary, of 4 to 1. 
So, 

number of decibels difference = 
20*log 4/1=20(0.601)=12.04 dB 

"Which is nice. But remember, this increase is 
in signal strength only, not signal-to-noise ratio, and it 
quietly assumes that the voltages in question exist as 
impressed across identical impedances. But most 
people ignore that bit of exactitude." 

What about the Alphabet Soup? 

"Good. Thank you," replied Joe, "but I'm still 
wondering what all those extra little letters after 'dB' 
are for. I've seen dBm, dBv, dBi, dBk -- that's all I can 
remember right now." 

"Yes, and you could add dBa, dBrn, dBrnc0 --
oh, there are lots. 

"The whole point in the extra letters is to tell 
you what the number of decibels is comparing, or is 
in reference to. They indicate a reference from which 
you can add or subtract the number of decibels. 'dBm' 
says 'decibels from 1 mW'. So, 10 dB above 1 mW is 
+10 dBm. 

"But we often measure voltage, not watts. So 
now, to be correct we have to know the impedance in 
which we are making the measurement. 0 dBm -- 1 
mW -- in a 50-ohm circuit will give a voltage reading 
of 0.224 V. In a 600-ohm circuit, it is 0.775 V. 

"Suppose you read 22.4 mV across a 50 ohm 
load. What would that be in dBm?" 

"Well, let's see," said Joe, "V2 is 22.4 mV and 
VI is 0.224 V because that's 0 dBm across 50 ohms. 
So, dividing one by the other gets us 0.1. Now, we 
take the log of 0.1 and multiply by 20, and that's -20 
dBm. How's that?" 
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(Continued from page 12, Bill and Joe) 

"Good stuff! Now, I'll just mention the others, 
and we can go into more detail if we need them. 'dBi' 
means 'dB isotropic', or 'decibels with reference to an 
isotropic antenna', ' dBk' means decibels above or 
below 1 kW, 'dBa' refers to a standard SPL -- sound 
pressure level --- and represents sound volume levels, 
'dBrne is 'decibels referred to reference noise'. In tele-
phone circuits, 0 dBrn is - 90 dBm, and dBrnc0 
means 'reference noise, C-message weighting at 0 
TLP -- test level point." 

"Ahem!" Joe coughed politely, "yes--well --
urn -- maybe we should get back to my antenna and 
transformer. Would that be okay?" 

"Sure enough! Let's look again at that sketch 
of your antenna. Then we'll know where the trans-
former goes. Do you have it along?" 

"Right here," replied Joe, reaching into his 
notes folder. 

"The transformer should be put into a box with 
terminals. Do you remember the little doodads that 
carne with TVs, rabbit ear antennas, VCRs and such 
things? They were called 'baluns'." 

Bill reached for a parts box and took out some 
baluns. They looked like the picture below the sche-
matic. 

"They come with what's called a Type F con-
nector. It is a stud fitted into the plastic with a metal 
shell around it. These pieces can be removed -- care-
fully -- and a 3/8 inch hole drilled for a female BNC 
connector -- also done carefully. If the drill goes too 
fast, the plastic will melt, the drill bit will stick, and 
the whole caboodle will turn into a bunch of little 
pieces." 

Joe was grinning. "How did you learn all 
this?" 

"The hard way. Don't do likewise!" 
"Then," Bill continued, "connect the 6-turn 

rid rig to the BNC connector, connect one end of 
the 24-turn wind-

• 

V Recevi0 
Soul 

RR 

Schematic of Joe's transformer connecting his short random-wire antenna to his 
receiver. Everything to the left of the primary represents the antenna, which acts 
mainly like a high impedance at shortwave freciLencies. 

"Remember, everything to the left of the 
"ZANT" arrow represents the antenna. 

"When we wound the transformer, the six-turn 
winding was labeled 'P' for primary, and the 24-turn 
winding, 'S'. The correct connections for your an-
tenna are: 24-turn winding to the antenna and to 
ground; six-turn winding to the center conductor of 
the RG-58 co-ax and to ground. 

ing to the BNC 
connector ground 
and the other end 
to one of the screw 
terminals. That's 
where the antenna 
is connected. 

"Now, your 
RG-58 lead-in ca-
ble needs a male 
BNC connector; 
the transformer can 
be mounted at the 
end of your an-

tenna and connected to that lead-in cable going to the 
receiver, and then the fun begins." 

"What will I hear?" Joe wanted to know. 
"It will sound as if you had turned up the vol-

ume. The original problem was that the little 12-foot 
antenna wire acts like a signal generator with 1000 
ohms, or more, impedance over most of the short-
wave band, and the lead-in cable and receiver act like 
a 50-ohm load. That means the receiver gets only 
about 0.05 of the voltage able to be generated by the 
antenna. Your Collins R390 has a reasonable noise 
figure but, with weak stations, receiver noise can in-
trude. If atmospheric noise -- QRN -- and man-made 
interference -- QRM -- are not much greater than re-
ceiver noise -- but they almost always are -- the more 
efficient coupling provided by your transformer will 
make weak stations easier to hear. At least 7 dB eas-
ier, all due to more efficient coupling." 

(Continued on page 14) 
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(continued from page 13) 
"More efficient coupling..." mused Joe, 

"interesting phrase. Please to elaborate, 0 Master." 
"Well, maybe we can — aha, look at the clock." 
"Humph! Me and my big mouth. G'nite." 
"G'nite." 

* * * 

[Just exactly how this episode winds up will be di-
vined from Walter's notes and his recent conversa-
tions with this editor. It will be shared with you read-
ers of Radio Age in the January 2012 issue. The rea-
son for this explanation will be clear through further 
reading, below:] 

OBITUARY—Walter Lindenbach 

We were very saddened to hear that Walter Linden-
bach passed away as a result of a massive heart attack 
on October 1st, 2011. He had been a regular Radio 
Age contributor for about five years, and had written 
articles for the AWA Bulletin, for Electronic Design 
News, for Nuts and Volts, and for Antique Radio 
Classified. Never one to take himself too seriously, 
his writing style was light and entertaining, and he 
was a natural instructor. He loved radio, audio, and 
classical music, and he collected old books and maps, 
attaining a level of expertise in all these. 

Walter was 71 this past July. In 1990, he retired from 
the job he created in 1970 when he started up a new 
company, Calgary Controls, Ltd. It was in 1990 that 
he sold the company to MCI ( Boston), and turned to 
a life of tinkering, writing, and enjoying life. 

As an example of Walter's light-hearted outlook on 
life, he wrote a very brief autobiography back in 
2006, which goes like this: 

Walter Lindenbach's Tale 

Born at a very tender age in 
1940 in a place called Winnipeg (north of 
North Dakota), his parents left for a place 
called Chilliwack (north of Washington state) 
in 1943. Having nothing special to do that 
day, he went along and stayed there, trying 
not to get caught, until 1958. Then, there 
was university for a while, followed by some-
thing called an Institute of technology in Cal-
gary, Alberta (state north of Montana), dur-
ing which period of institutionalization many 

interesting things were learned, including 
some electronics. 

Then, the general view was 
that it was time to be useful. An attempt was 
made in the employ of the local telephone 
company, and then with a little radio station 
where need made the study of electronics 
much more intense. Also, learning to live in 
straitened circumstances was vital. 

In 1970, as a just reward for 
his sins, in a fit of madness, he started a 
company called Calgary Controls Ltd. Then, 
the study of the two subjects above became 
really intense and, by 1990, expiation for his 
sins was complete. He retired himself to look 
for other forms of mischief, which is why you 
are reading this. There may be more such 
mischief in the future: there's fair warning. 

Well, we were warned, and Bill and Joe are now re-
tired, too. The last task is to bring the current episode 
to a logical conclusion, which will happen in two 
months. Walter had e-mailed this editor on Septem-
ber 28th, with notes regarding the direction Bill and 
Joe were headed, and with a spare copy of the illus-
trations for this current issue. 

He will be sorely missed. Our prayers and best 
wishes go out to Lorraine, his bride. 

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 
Wesffields is a full cloverleaf with local bypass 
lanes on Rte 28. Map: 
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[map not to scaled 
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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. Bob Eslinger/KR1U, 
ANTIQUE RADIO RESTORATION 
& REPAIR, 20 Gary School Road, 
Pomfret Center, CT 06259. Hours: 
9am-5pm eastern, Tuesday thru 
Saturday. Telephone/fax: 860-928-
2 6 2 8 . 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 

Free to a good home: 1959-60 
Telefunken console, —3-4 feet long, 
with radio and record player, sliding 
doors on front. Cabinet is in very 
good shape. Must be picked up in the 
Rockville, MD area. Contact Cindy 
at 240-498-6330. 

For Sale: Signal Generator. 
Manufactured by Supreme 
Instruments Corporation, Model 
561. This is a combination Audio 
and RF Signal Generator. Audio 

output impedance switchable from 
50 ohms to 50K ohms in 4 steps. 
RF output is 65 kc to 20.5 MHz. 
Output is metered. This fits the 
description of an antique with a 
dove-tail construction wood 
cabinet and impressive front panel 
with lots of push buttons and 
control knobs. Complete with all 
tubes installed. Line cord faulty. 
Not tested. Photographs available. 
If interested, please make offer. 
Paul J. Bernazani, 44475 Tyrone 
Terrace, Ashburn, VA 20147. Ph. 
703-723-8605. 

Wanted: Zenith chassis from 
1937 and 1938, need several types 
to fix up some projects. Also 
looking for a 1938 Zenith 12S267. 
Also need a 12-inch Zenith speaker 
for a 9S262. (Joe Koester, 1020 
Huron Drive, Crossville, TN 
38572, jwkoest@charter.net) 

INFO: The remarkable Bell System 
Technical Journal is now available 
online at: 
http://www.alcatel-
lucent.com/bstj/ 

Wanted: John Meck Model 60T-1 
transmitter, ca 1947; easily 
recognized by the 4 white 
insulators in the upper left corner 
of the black crinkle-finish panel. 
Bill Ross W9WR, 300 Oxford 
Road, Kenilworth, IL 60043-1167; 
Ph: 847-251-7447; William.ross 
(at)Comcast.net [Use @ in lieu of 
(at).] 
For Sale: New! Accurate repro-

duction of Zenith wood knobs 
reproduced in resin. Rubber 
grommets, washers, and repro 
knobs for major brands and 
others. Rubber feet and chassis/ 
motor supports for RCA 45 
players. CD's, DVD's of early 
radio courses and books. Some 
TV knobs for Pilot and Motorola. 
Masks for Motorola VT71, VT73. 
Go to 
www.RenovatedRadios.com See 
the full selection of radio parts I 
make. Don't do Internet? Call me 
at (586) 876-9802 

Book: Mahlon Loomis, who 
experimented and demonstrated 
Wireless Radio 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 Nelson St., 
Adelphi, MD 20782 , 
n3rf@earthlink.net , http:// 
NRF.netcom.com 
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Mid-Atlantic Antique Radio Club 
c/o Geoff Shearer 
14408 Brookmere Dr. 
Centreville, VA 20120-4107 

MA-kg& llaur Ca/levecet/ri 
Sun., Nov 20 

Sun, Dec 18 

Sun., Jan 15 

Sun, Feb 19 

Presort Standard 
US Postage Paid 
Permit 1502 
Merrifield, VA 

11111111111111111111111111111111111111111111111111111111111111 
*******AUTO**SCH 3-DIGIT 210 
2012-11 
Bruce Shetrone 
969 Shore Acres Rd 
Arnold, MD 21012-1724 

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 = 1939, Presenta-
tion: Charlie Scarborough talks on Permutations of the AA5 
Radio series. 

MAARC meeting in Northern Virginia at Sully Station, at the 
Sully Community Center off Westfields. Map, page 14. 
Tailgating at 11:30, meeting at 1:30. Display table radio year = 
1940, Presentation: Ed Lyon on Shortwave Radio and radios. 

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 years = 1941-45, 
Presentation: Radios made in wartime years, with Norm 
Grody. 

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 = 1946, Presenta-
tion: TBD. 

Hamfests: There are a few scheduled for the cold months—check the ARRL website. 
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