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SHORTWAVE RADIO - FOR INTERNATIONAL LEISURE 
LEARNING, AND LIBERTY 

BY ED LYON 
We are fast losing our broadcasting and communications uses of radio in the shortwave bands, opting, instead, 

for Internet connectivity for short-range uses, and satellite-borne, non-real-time methods for long distance com-
munication. In MAARC's June Radioactivity meet, we will celebrate the shortwave bands as the workhorse meth-
ods of the recent and distant past for getting the international news out to the world. 

RADIO ("wireless") communications began at 
the turn of the 20th century with raw creation 
and detection of "waves," whose existence 

was predicted by Maxwell and proven by Hertz. 
These waves were popularly described as analogous 
to ocean waves, except that they were waves in the 
ether, rendered at the time, tether. 
Problem remaining was that this 
mother stuff was unknown or 
unknowable. That little shortcoming 
aside, the workers in the art soon 
convinced themselves that the longer 
the wavelength of the aether waves, 
the farther the waves would travel. 
The experimental work done at the 
time seemed to show that these waves 
would follow, to a limited extent, the 
earth's curvature, and so would 
propagate over great distances — far 
beyond those achieved by flashing 
lights from signaling lanterns. What 
the radiomen of the day were 

practicing was a method we would later term 
"surface-wave" propagation, which benefits from a 
moderately well-conducting and only moderately 
smooth earth surface, like the ocean, which allows 
the wavefront to tilt forward at its upper regions, 

and cling to the earth's surface as it 
progressed. WORLD RADIO TV 

WRTH 
HANDBOOK 

THE DIRLCIORY OF IIIIERHATIONAL BROADUSIIU 

One of the last issues of 
WRTH with shortwave 
listings, 2002. 

Armed with accumulating experience 
Marconi and the most of the others who 
struggled to compete with him worked 
their way down, down, down in wave 
frequency (toward ever longer 
wavelengths) to try to establish revenue-
creating communications over 
intercontinental distances. Those 
engineers and physicists involved in the 
work came to realize that the trend was 
self-defeating; the longer the 
wavelength the larger must be the 
antenna for equal radiated power, and to 
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were separate publications. 
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MAARC website (www.maarc.org). If you change your mailing 
address, email, or phone number, please notify the Membership 
Chair immediately so corrections can be made to Radio Age's 
mailing list. The Post Office will not forward your newsletters. 
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percent discount on orders of 12 or more back issues and 15 percent 
on orders of 60 or more back issues. Make checks payable to 
MAARC. 

Submissions to Radio Age are welcomed. Typewritten copy is 
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Perfect, Wordpad, or RTF format, without fancy formatting, 
because the editors will have to modify it anyway. Photographs, if 
hardcopy, should be high quality black and white or color. Softcopy 
graphics files should be in TIFF or JPEG formats; contact the 
editors for further guidance. Send your submission to any Radio 
Age editor and include your name, address, phone, and email. 

MAARC MONTHLY MEETINGS. Most months MAARC 
meetings are held at the Davidsonville Family Recreation Center, 
3789 Queen Anne Bridge Rd., Davidsonville, MD (map below). 
From U.S. 50, take MD 424 south for 2.5 miles. Turn right on MD 
214 for 0.6 miles, and angle left on Queen Anne Bridge Road for 
1.1 miles. The entrance will be on your left. April and December 
meetings are usually held at the Sully Station Community Center in 
Northern Virginia. Check the calendar on page 16 for details. 
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(Continued from page 1) 
shrink the antenna to make it fit a site or ship (or 
purse), the radiation efficiency of the antenna fell off 
alarmingly. Effective signaling range began to be 
reckoned in terms of wavelengths, not kilometers or 
miles. A VLF spark transmitter could get a signal 25 
or 30 wavelengths, with reliability, and that was it. 
To go farther meant increasing the wavelength, or to 
find a better way than by earth-hugging surface wave 
methods. Marconi's celebrated transmission of the 
letter S, three short "dits" in Morse, across the 
Atlantic from Poldhu to St. John's in 1901, thought at 
the time to be on a wavelength of at least 400 meters, 
actually propagated at a harmonic of the intended 
frequency (perhaps the tenth harmonic), well into 
what we would later call the shortwave band. 
Marconi, had he known this, would have been 
embarrassed, as he was convinced that distance went 
directly with wavelength, and not inversely as had 
occurred. In those days, spark signaling was the only 
way known to transmit, and the wavelength produced 
was a rather loose concept, since the spark, like 
lightning or the rural electric fence charger, excites 
electromagnetic waves over a wide range of 
wavelengths. This broad band of radiation has major 
peaks in energy at many frequencies established by 
kinks, joints, bends, heights, and lengths of antenna 
components, .biased a little by the heroic coils and 
Leyden jar condensers [1] which the operator thinks 
are in command. 

Why do we think his signal propagated at the perhaps 
7 to 8 MHz harmonic frequency instead of the 
targeted 500-750 kHz (400-600 meter wavelength) 
frequency? Simply because 7 to 8 MHz is in the 
short-wave bands, where intercontinental signaling is 
both efficient and commonplace and now well-
understood, and 750 kHz (if Marconi actually was 
trying for a frequency that high; most of his work 
was at far lower frequencies) is in the medium-wave 
band where only under extraordinary and night-time 
conditions would a signal survive that journey. 

So, what is there about shortwave signals that makes 
them travel such distances? And how and when did 
the radio engineers and experimenters learn about 
them? A look at the early practices employed in radio 
signaling shows that the professional signalmen (in 
commerce, the Army, and the Navy) wanted as much 
"room" in the available signal spectrum as possible, 
mainly because their spark emission methods took up 
so very much spectral space for each transmission. 
They were enraged when amateur radio 

experimenters began getting operating licenses, 
thus occupying valuable low-frequency spectral 
space, and then the pros reacted by convincing the 
Government to restrict the amateurs to wavelengths 
that were considered worthless (translated: difficult 
or impossible to use). So, about 1913, the "hams" 
were awarded all wavelengths shorter than 200 
meters, period. This situation would last a 
relatively short time, once the benefits the hams 
discovered operating at frequencies above those of 
the broadcasters became well publicized. The radio 
broadcasters began in 1920, and were awarded a 
single wavelength, then a few, then a whole band 
from about 540 meters wavelength down to 200 
meters wavelength, which is 550 kHz to 1500 kHz, 
respectively. All frequencies above 1500 kHz had 
been given to the amateurs "to keep them busy 
doing nothing, but at least not interfering with the 
broadcasters or serious signalmen." 

The amateurs had, for some time, differed with the 
professional wireless signalmen on the way radio 
signals propagated. As noted above, the 
professionals, operating on low frequencies (long 
wavelengths) found that attaining communications 
over extended distances required low frequencies, 
correspondingly large antennas, and, ideally, 
oceanic intervening space. They had interpreted 
Maxwell's explanation of electromagnetic waves as 
pertaining to surface-clinging waves, which we now 
call, simply, surface waves. Surface waves require 
the orientation of the electric vector to be vertical, 
perpendicular to the earth's surface (i.e., the waves 
are vertically-polarized). The amateurs also carried 
out radio contacts over quite long distances, but 
using wavelengths that were but a fraction of those 
the pros used, mainly because they couldn't afford 
(or have space for) the large antennas required by 
the long wavelengths; furthermore their compact 

(Continued on page 4) 
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(Continued from page 3) 
antennas were generating (and receiving) waves of 
whatever polarization , depending on the orientation 
of the antenna parts and the lead-in wire(s). 

What neither group clearly understood at the time 
was that all signals sent via surface-wave 
propagation, which was natural for the lower 
frequencies (because of their antenna designs), 
found that the propagation losses in signal strength 
increased with frequency [2]. The amateurs, forced 
to higher frequencies, first by virtue of costs, and 
then by law, had, unknowingly or not, abandoned 
surface-wave propagation, because their low-cost 
(low power)signals would peter out after traveling a 
relatively short distance. The amateurs were aware 
of a certain apparent fickleness of the waves, 
sometimes reaching other amateurs a thousand miles 
away and their neighbors a thousand feet away, but 
unhearable by other amateurs only a hundred miles 
away. Realizing they were pioneers in these short 
wavelengths, they shook off the vagaries of 
propagation, tried again later if contact failed, and 
enjoyed success when it occurred. 

In 1923, the Naval Research Laboratory (NRL) was 
created, drawing initial staff from Naval aircraft 
research labs and military communications projects 
being worked at and for the Bureau of Standards. 
Two of the initial principals at NRL were Albert 
Hoyt Taylor and Leo C. Young, both drafted from 
Navy assignments in the midwest to solve 
communications problems at the Naval Aircraft 
Labs and for ship-to-shore techniques testing, 
sometimes detached to the Bureau of Standards. 
Both were amateur operators as well, and Taylor had 
spent time in Germany working on research 
assignments in wireless technology in pursuit of his 
PhD. On their initial assignment to the east 
(Anacostia and the lower Chesapeake Bay area) 
during the First World War, they met up with others 
who also were hams, and they began regular 
amateur radio schedules up and down the east coast, 
occasionally finding contacts in the midwest and far 
west at times. Their ham activities had to wait for 
work to be finished each day, though, and at work 
they became quite busy getting ready for their big 
reassignment to the new Naval Research Laboratory, 
then being built on the Anacostia River in southern 
DC. 

Once settled into this new location their 
"electronics" work mainly involved development of 

communications capabilities for overall Navy use [3]. 
The Navy, of course, had been operating their radio 
communications equipment primarily at low 
frequencies, well below the broadcast band, and they 
suffered from noise and interference among the 
plethora of signals in the low frequency bands, while 
Taylor's and Young's ham activities were all well 
above that band, usually between 2 MHz and 4 MHz 
(wavelengths: 150 and 75 meters, resp.), and their 
simple practice was to contact and exchange radio 
greetings ("chew the fat") with other amateurs, 
sometimes at great distances, yet with low power, and 
small antennas. Something seemed to be working 
for the amateurs; they were certainly not making such 
contacts via the Navy's usual propagation modes. 
Some naval brass became aware of the apparent ease 
with which Taylor communicated at will, and with 
distant radio stations and operators, based on his 
casual descriptions of conversations he had "...just 
carried out last night, with Lieutenant so-and-so in 
Hawaii (or in California, or Panama or New 
Caledonia)." Nearly all of Taylor's amateur work 
was in Morse; but he and Young had build voice 
modulation capabilities into most of their amateur 
gear, generally copied from Navy lab work in intra-
fleet communications and in own-ship wired and 
wireless intercom techniques. On several occasions, 
Taylor offered to send messages that failed to reach 
Navy radio stations, using his 50-watt shortwave rig 
when the 100-kilowatt spark or arc set at NAA 
(Arlington) couldn't be heard. Stations like Panama 
often had to stand down for hours because of the 
horrendous noise and interference levels at their low 
frequencies, occasioned by tropical storms and other 
radiomen. Once they took Taylor up on his offer, 
mainly to teach him a lesson, but then had to hide 
their utter shock when, in ten minutes or so he 
brought them a typed transcript of their message to a 
Navy officer in the Panama Canal Zone, plus the 
reply message. 

Taylor's readily established contacts, via radio in the 
shortwave frequency spectrum allotted to the hams, 
persuaded NRL to consider development of 
shortwave radio equipment for the Navy at 
frequencies at and above 3 MHz. But the Navy 
would want to know, technically, exactly how and 
why use of amateur gear and frequencies would be so 
successful (and cheap), so Taylor set out to 
understand more about radio signal propagation. One 
regular amateur contact maintained regularly by 
Taylor and Young was John Reinartz in Hartford, 
Connecticut, who had built fine equipment which 

(Continued on page 5) 
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(Continued from page 4) 
could be tuned over a wide range of frequencies. 
Taylor and Reinartz tried some carefully logged 
experimental tests of communications at 
systematically-increasing operating frequencies, and 
found a certain degree of regularity in the contact 
schedule. On a daily basis very prompt, loud, and 
clear contact could be made at perhaps 10 or 12 MHz 
in midafternoon, but it would fail as dusk descended; 
contact could be reacquired by shifting to a 
prearranged slightly lower frequency. Each day, as 
the afternoon progressed toward darkness, the highest 
usable frequency slowly fell, until by midnight, they 
found themselves operating at just above 5 MHz. Not 
every day was identical, though, and there was a 
general overall trend toward lower frequencies for all 
times of day as the winter season approached. 

It occurred to Taylor that the maximum operating 
frequency, which seemed always the clearest and 
least-interfered-with for the path between Anacostia 
and the Hartford area, was influenced or controlled by 
the sun, for the approach of nightfall and the onset of 
winter would both tend to reduce the sun's integrated 
intensity on the radio path, somehow demanding a 
reduction in frequency. These tests became more 
interesting when Taylor was informed separately, in a 
routine contact with fellow ham William J. Lee, 
operating from his home in Orlando, FL, that he had 
been listening-in on many of the rising-frequency 
trials Taylor and Reinartz ran, and he could quite 
clearly hear Reinartz's signals at several frequency-
steps above the highest that Taylor reported he was 
able to hear. Even at night, Lee could hear Reinartz 
on frequencies one or two MHz above the final 
highest-feasible that were workable from Reinartz to 
Taylor. 

This confirmed Taylor's idea that the sunlight had 
much to do with signal propagation at these high (for 
the time) frequencies, and in discussions in the lab, a 
colleague, Dr. E. 0. Hulburt, head of the optics 
branch, offered a suggestion that the signal paths were 
being bent downward at some high altitude, returning 
the signals to earth at great distances, and that the 
degree of bending was both solar-controlled and 
frequency-sensitive, very likely caused by free 
electrons or ions. Hulburt thought the work of 
Appleton might be relevant here. In the 1910-1920 
decade, Appleton and Barnett, in England, had 
predicted, then possibly detected, the existence of a 
high-altitude conducting atmospheric layer; one had 
also been postulated by Oliver Heaviside in England 

• 

and Arthur Kennelly in America, based on extensive 
signal-reception observations. Appleton's idea was 
based on receiving signals over a path that could have 
traversed the substantial distance from the transmitter 
to his receiver only by bending somewhere in the 
atmosphere [4] (or by earth penetration, which was 
dismissed out of hand). 

In 1924, Gregory Breit and Merrill Tuve at the 
Carnegie Institution in Maryland thought they might 
be able to find this conducting layer, by transmitting 
identifiable signals straight upward and receiving 
them at substantially the same location, measuring 
the time-of-flight of the signals to deduce the height 
of any such reflecting layer of atmosphere. Problem 
they faced was finding a way to receive the return 
signals with the transmitter roaring right next door, 
on the same frequency, thus swamping the receiver. 
Fortuitously, at NRL Taylor and Young had just 
developed a pulsed shortwave transmitter and 
companion receiver, both able to be tuned (however 
laboriously) to operate at selected frequencies from 
1.5 MHz to 10 or 12 MHz. The notion of using 
pulses or very short bursts of signal occurred to them 
in an effort to see the effects of possible signal 
reflections from ships passing by on the river. 
Earlier, they had noticed that signals between a 
transmitter and receiver on opposite shores of the 
Potomac were disturbed by ships passing between 
them, and then noticed that the signals received were 
disturbed by passing ships even when both 
transmitter and receiver were on the same side of the 
river! They devised the pulse-modulation scheme to 
test whether there was a definite (specular) reflection 
from the ship, or if its proximity merely diffused or 
absorbed the signals, somehow. 

In such pulsed transmissions with transmitter and 
receiver co-located, the receiver would normally be 
"deafened" by the transmitter's signal for the 
duration of the pulse, but by the time the return echo 
pulse arrived from any Appleton or Kennelly-
Heaviside layer above, the receiver (if carefully de-
signed) would have recovered its composure and 
sensitivity in time to capture the echo. Regarding the 
existence of a "conducting layer" high in the 
atmosphere, pulses could prove it or disprove it 
convincingly, since the operator could see these, both 
the transmitted pulse and the received echo, if there 
was one, on a paper-strip-chart recorder or 
oscillograph connected to the receiver output. With 
this way of measuring the time interval between 

(Continued on page 6) 
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(Continued from page 5) 
transmitted and received pulses they would be able to 
measure the distance to the overhead echoing surface, 
with reasonable accuracy. They assumed, of course, 
that the pulses would travel substantially at the speed 
of light. 

Breit, Tuve, and Hulburt were enthusiastic about this 
trial, and worked out the design of the signal 
capturing and timing method. Young lashed together 
a horizontal dipole antenna strung between poles 
behind their lab at NRL, connected it to their pulse 
transmitter, and fed the receiver from a similar 
upward-looking horizontal dipole wire antenna, set at 
right angles to the transmitting antenna, to try to 
reduce the level of transmitter pulse signal getting 
directly into the receiver. Upon trying the scheme in 
the afternoon, on a guesstimated operating frequency 
of about 3 MHz, Breit and Tuve were dumbfounded 
when they saw multiple echoes returned from the 
upward-directed pulsed transmissions. They had 
expected a single pulse-like echo signal, sort of a 
replica of what was transmitted, but what they saw 
was two or three such pulses, of fluctuating 
amplitudes, followed in a short time by more such 
pulses, these being much weaker. By measuring the 
roughly two-millisecond time interval between the 
transmitted pulse, and, the largest of the first group of 
echo pulses, they calculated an effective reflection 
distance of about 300 kilometers. Some weaker 
echoes were from closer ranges, and varied in 
strength from non-existent to half the amplitude of 
the main return at 300 km, and by raising the 
frequency about a half-MHz, all the pulse returns 
could be seen echoing from slightly more distant 
reflecting surfaces. The most prompt return echoes 
were only partly visible, partly buried in the receiver 
recovery time, but appeared to have come from a 
reflector perhaps 100 to 120 kilometers distant. 

Not only had Breit and Tuve proven the existence and 
location of a "conducting" layer, they had seen 
several layers. Studying them over some period of 
time showed that ' the daylight multiple-layer 
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A daytime ionogram made with an early C-4 iono-
spheric sounder, showing reflection heights vs. 
frequency, at a temperate location (Ft. Belvoir). 

condition would reduce to a single reflection either 
by significantly raising the frequency of operation, or 
by waiting for nightfall. In daylight conditions using 
moderately low frequencies (3 to 8 MHz) they nearly 
always observed multiple echoes from each pulse 
transmitted, the various echo heights being grouped 
near 100 kilometers height and near 200-400 
kilometers height. At night-time, the only reflection 
seen was from a single layer about 350-450 km above 
the earth, plus a second weak, broadened, and 
fluctuating pulse-like echo from about twice that far 
away. At first they dismissed this more distant echo 
as some sort of equipment malfunction, but later, on 
seeing it reappear in many night-time experiments, 
they realized it was a double-bounce echo resulting 
from the upward-directed transmitted pulse bouncing 
from a high layer back down to the ground (and 
recorded by the receiver and display), there bouncing 
back up to the layer a second time, before finally 
returning a second time to the receiver. As a 
parenthetical note, tests very much like this one of 
Breit and Tuve have been done more recently (in the 
1960s), in which the record was made on an 
oscilloscope screen and photographed, and in which 
the transmitted pulses made 8 or more round trips to 

(Continued on page 7) 

FOR THE RECORD 

.Alas, although the December 2018 meeting of the Mid-Atlantic Antique Radio Club was held at the beautiful Sully 
Station in Centreville, VA, as usual, this editor could not attend. Furthermore, no news about the meeting's outcome 
appeared in the electronic mail system, either. 

The meeting was held on the 16th of December 2018, just for the record. 

We'll catch everyone up on the goings-on in the next issue. 
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Continued from page 6 
the ionospheric layer, before being lost in the noise. 

The news spread, first among the amateurs, and then 
in the scientific community. Taylor and Hulburt 
wrote a paper for the Physical Review and several for 
internal Navy use on their concept of shortwave 
propagation, describing the no-signal annulus that 
extended from several hundred km from the 
transmitter to a distance of perhaps 800 km, and then 
the low-loss high signal-level-annulus that started at 
800 km and extended to great distances, like 1500-
3000 km. It didn't take Appleton and Barnett long to 
duplicate Bret's and Tuve's measurements, with their 
own transmitting/receiving lash up in England, so 
they could observe the postulated Appleton and 
Heaviside layers first-hand (they barely recognized 
colonials like Kennelly, let alone Breit and Tuve). 

As Breit and Tuve worked to develop a rational 
description of the layers that reflected some signals 
and not others of significantly higher or lower 
operating frequency, many signal propagation experts 
began to construct models of the reflection process. 
Here, that involved the National Bureau of Standards, 
the Carnegie Institution, the Army Signal Corps and 
certain universities. Clearly The "layer" or "layers" 
were transparent to visible, ultra-violet, and infra-red 
waves, since we unmistakably receive all these from 
the sun, so that the layers had to be ionized 
transparent gases (or plasma), and of very low 
particle density, owing to their altitudes, from 80 to 
500 kilometers above the earth. These layers quickly 
acquired names, in England , named after Appleton 
and Heaviside, but here they got letter-manes, with 
the E layer at 90-120 kilometers altitude, and an F 
layer above the E layer, splitting into Fl and F2 layers 
in daytime, due to solar (ultraviolet) irradiation and 
reverting to a single F layer at somewhat higher 
altitude when in the earth's shadow (at night). 

As for the ordinary AM broadcast band of 
frequencies, what effect do these layers have? The 
well-documented experience of broadcasters, namely 
enjoying predictable highly distance-dependent 
reception in the intended service area in daylight, but 
extraordinarily strong signal amplitudes, both nearby 
and at great distances at night, has been explained by 
the presence of a yet lower weakly-ionized daylight-
only region, perhaps 40 to 70 km in altitude, which 
exists only as long as the sun's UV energy impinges 
on it. Its ions promptly collide with the denser air 
molecule population at such altitudes, depleting the 
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supply of ions and electrons by collisions, in the 
absence of the sun's UV light keeping the ion 
population "pumped up." This region, beneath the E 
layer, has been labeled the D region. It acts primarily 
to absorb power from all radio waves which penetrate 
it, the transmission losses being far higher at the 
lowest frequencies, and vanishingly small at 
shortwave frequencies above 15 MHz. The 
mechanism for this loss in signal power is relatively 
simple: the radio wave penetrating an ionized region 
causes electrons it encounters to vibrate at the wave's 
frequency, their vibration then acting to sustain the 
energy of the wave through cooperative charge 
motion. If any of the vibrating electrons, however, 
immediately collide with a neutral molecule of, say, 
nitrogen or oxygen, it is lost in the collision, causing 
the radio wave to have lost the energy it took to get 
the electron vibrating. The vibration amplitude (or 
distance each electron is moved in each cycle) is 
longer the lower the frequency, and there's less 
chance it will move far enough without a collision; 
thus lower frequency radio waves lose more energy in 
the D region. For shortwave users, the D region is a 
daytime energy absorber for the lower frequency 
bands, like those from 3 to 7 MHz, and has very little 
effect on shortwave signals at 15 to 30 MHz. 

The hams, of course, were first to know and exploit 
this new knowledge about the layers of the 
ionosphere, and how they react to signals at varying 
operating frequencies. Well planned and well 
documented explorations, such as to the North Pole, 
to Antarctica, to jungle and desert regions in the 
Pacific, in Africa, and elsewhere, and on stratospheric 
balloon trips and bathymetric deep-sea dives, all bore 
amateur and shortwave broadcast radio equipment 

(Continued on page 9) 
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THIS editor had the pleasant 

task of assembling the pic-
torial piece in the Novem-

ber 2018 issue of these pages by 
Dom Giglio. This was Dom's 
photo-tour of the SFO Airport Ter-
minal 3 "On the Radio" display of 
old radios. As I worked on that is-
sue, I kept thinking I had mislaid 

several of Dom's pictures — one I couldn't find, 
yet thought I had distinctly seen among his sets 
of photos was a very nice display of a beautiful 
Motorola deluxe console radio set up in an imag-
ined 1930s living room, with a portrait of FDR 
on the wall just above the radio. To see that 
photo, anyone of my age or worse would imme-
diately recall FDR's admonition that we had 
"nothing to fear but fear itself." My inability to 
find the lost picture was finally resolved this past 
week, as I riffled through boxes of old photos —
these were real film-type photos, taken before 
the digital camera made film seem outmoded — 
tohelp illustrate a restoration piece for this cur-
rent issue. There in a packet dated 1992 was a 
group of about ten or twelve pictures of a very 
similar radio display set up at SFO, Terminal 3, 
in the summer of 1992, that display entutled 
"Old Time Radio." Talk about your déjà vu!! 

I had taken those pictures while on a business 
trip to Silicon Valley in July 1992, and somehow 
remembered some of them, and then when I saw 
Dom's set of photos, both SFO displays, al-
though separated in time by over 25 years, had 
been mentally merged in my befuddled old mind. 
Maybe the SFO Museum authorities will run one 
of these old-radio-theme exhibits every 25 years 
— wouldn't that be keen? Mark your calendar. 

Now, the second part of that episode is this: 
How did I immediately recognize that radio in 
the display as a Motorola? Well, in 1992 I was 
also repairing radios here at home, for a couple 
of old timers who had radios for sale in one of 
Frederick's Antique Emporia, and one of them 
was a Motorola Model 10Y, which looks identi-

cal to the console displayed at SFO that year. 
Here are two of the pictures I took at the 1992 
SFO display: 
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While photographing the display I recognized 
the console radio in the picture, as resembling-
the one I had worked on at home. Here it is: 

This is definitely a Mo-
torola 12Y, and the one I 
worked on was a 10Y, dif-
fering only in the push-
pull audios and driver in 
the 12Y, while the 10Y is 
single-ended. 

Continued on p.14. 
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(Continued from page 7) 
and operators, especially now with the domestic AM 
broadcasters eager to gain audience interest by 
covering the excitement of exploration and the new 
capability for radio coverage. Reinartz was among 
the many hams invited to join these exploration 
journeys, while back in Anacostia, Taylor, Young, and 
the rest of the gang at NRL kept up the pressure on 
the Navy to get into the shortwave business if the 
brass wants to keep up with any future war. In other 
countries, radio in the shortwave bands followed the 
pattern set here, first by trying to restrict amateur 
operations from either domestic broadcast space and 
military allocations, and then by presuming the 
higher end of the shortwave bands as useless, and fit 
for hams. 

The Navy allowed Taylor's people to build and install 
shortwave transmitters and receivers aboard several 
warships that were scheduled for exercises in the 
Atlantic and Pacific, and aboard several airships, the 
most remarkable one being the USS Shenandoah, 
refitted and rebuilt out of the WW1 prize Zeppelin it 
had been, hydrogen bags and all. The refit, of course, 
included helium bag replacement as well as 
shortwave transmitting and receiving equipment, 
built by Taylor's group.. US amateur radio operators 
were Oertcd „ to the Shenandoah's operating 
frequencies, so as to keep them free of ham chatter, 
but to invite listening-in during any of the airship's 
many long flights. The Naval Research Lab had built 
the Shenandoah's shortwave equipment, and the 
airship's radio operators kept up a lively running 
conversation with hams across the nation during 
these voyages. On what would be her final flight, 
Shenandoah flew straight into a thunderstorm just 
north of Marietta, Ohio, and gale-force winds tore her 
outer skin and duralumin framework in large 
sections, causing the airship to dive, uncontrolled, for 
earth, from her 3500-foot altitude. Her radio operator 
got off several urgent reports, and received replies 
from emergency service radio operators, so that when 
she finally crashed, in two major pieces, about two-
thirds of the crew were quickly rescued and survived. 
The gondola (command-car) and its crew did not 
survive the accident, having broken away early in the 
episode, but the radios continued to work until power 
ran out. 

Progress toward the adoption of shortwave radio to 
replace low-frequency spark, arc, and alternator 
methods of transmitting, along with rudimentary (if 
not simple or inexpensive) receivers like the famous 

SE-143 and SE-1420 continued slowly in the Navy, 
due in large part to the economic effects of the 
Depression, which struck in the early 1930s. This 
was at about the same time as technologically 
feasible receivers that would perform well at 
frequencies above those of the broadcast band were 
made possible; the beginning of the age of the 
tetrode and pentode. The original Audions were 
awful in performance, while the ubiquitous 01-A, 99, 
and even the magnificent Western Electric "tennis-
balls" found it tough going when pressed to amplify 
signals above 2 MHz. Neutralization had helped, but 
was complicated. It required knowledgeable 
tweaking from time to time, since what was being 
neutralized in most radios, especially ruggedized 
military radios, was a combination of internal tube 
plate-to-grid capacitance plus a significant amount of 
wiring and component-support stray capacitance, the 
latter influenced by rough handling, physical damage, 
parts repair and replacement, and age. The tetrode 
and pentode took away the internal tube capacitance, 
and reduced the number of stages, substantially, 
while early examples also had double-ended 
construction, physically separating grid wiring from 
plate wiring. 

This rather gradual technological transition away 
from triodes was good for the military radio 
designers, and probably the most beneficial step was 
the move away from triodes in the superheterodyne 
first-detector (the heterodyne stage). With triodes in 
that stage, the Navy, for one, would not adopt the 
superhet at all, owing to the reradiation of the local 
oscillator signal by the radio's antenna, offering a 
splendid signal for possible enemy exploitation. And 
a second reason was that in tuning the early triode-
implemented superhet, tracking of the RF stages and 
the local oscillator was problematic, and led to 
mistuning and consequent enhanced radiation of the 
local oscillator signal. Despite many offers of 
designs, even by naval radio experts like Preece and 
Leutz, the Navy fought off the use of regenerative 
detectors and superhets, and forbid use of Fessenden-
type heterodyne oscillators as used with the beloved 
SE-1420 aboard warships at sea. The multi-grid 
(tetrode, pentode, and so on) superhet first-detector 
tube made a distinctive difference in this respect. 
Here was a chance that sailor-proof ganged tuning 
capacitors would actually work at short-wave 
frequencies, and the superhet could actually work at 
sea, without broadcasting the location of the ship via 
its receiver. [5] 
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(Continued from page 9) 

Frequency stability was always a problem in radio 
communications systems, and really came to light 
when users began operating in the shortwave bands. 
An oscillator operating in the broadcast band, either 
for transmitting or for superhet receiving, can be used 
to illustrate the problem. If it could be made 
sufficiently rugged and precise to achieve 0.1 percent 
overall frequency drift, this might mean a 1-kHz drift 
in broadcast band radios, which in a voice broadcast 
would be noticeable but not disastrous; in a 
shortwave receiver (or transmitter), operating at 15 
MHz, however, it would mean a drift of nearly 10 
kHz, probably completely out of the assigned 15 
MHz assignment. For voice sending and receiving, 
the problem is not really serious until one gets above 
4 or 5 MHz, but then is only a nuisance in 
entertainment broadcasting, but dangerous in 
intermittent (battlefield) conditions in the military. 
Operations in Morse are far more critical, because the 
receivers in that service are usually operated with 
effective bandwidths of only a few hundred Hz. 
Furthermore, a military communications link that is 
inactive for long periods, could drift in frequency 
without the users' awareness, and when needed 
urgently, the link would not connect, because either 
the trahsmitter,or receiver would have drifted out of 
the assigned frequency slot. 

Work on this issue occupied NRL workers in the 
1924-28 period, and Young, Mirick, and Hyland had 
worked up an effective quartz crystal control method 
which made shortwave links stable in frequency, 
however unmovable, unless supplied with multiple 
quartz crystals. Make-do measures were adopted 
through the use of quartz-controlled frequency-
measuring units (wave-meters) which could calibrate 
ordinary shortwave receivers and transmitters as 
often as needed to compensate for drift, but great 
efforts were still needed to stabilize the tuning 
sections of transmitters and receivers to minimize the 
"overhead" time required for constant calibration in 
the field. It would not be until the end of WW2 that 
receivers and transmitters would be designed that 
were crystal-controlled for stability, yet able to cover 
hundreds or thousands of possible operating channels 
in the shortwave bands, through the use of what were 
eventually to be called frequency synthesizers. Both 
amateurs and military/commercial shortwave users 
had learned in the late 1930s and throughout the war 
that the only way shortwave receivers could be held 
stable in frequency-setting was through crystal 

control (for spot-frequencies) or double-conversion 
(for variable-frequency oscillator, or VFO control). 
The former required a sizeable cache of crystals, 
while the latter required a rugged and precision-built 
tuning section, but a better way was made available 
in the war period, pioneered by Collins Radio, Cedar 
Rapids. 

Along the way from single-channel quartz crystal 
control to full all-channel synthesizer-controlled 
flexibility and accuracy, the radio receiver designers 
produced some remarkably shortwave-capable 
radios. Some, like the National HRO series, 
Hammarlund's Super Pro series, and the Scott All-
Wave series, simply used rugged, precise mechanical 
methods of keeping the radio on-frequency, yet 
readily tunable across the band; then Collins took the 
first step toward synthesizer stability and accuracy in 
the military and ham receivers like the R-390- and 
75A- series receivers (and compatible transmitters), 
while Racal built their Wadley-loop smooth-tuning 
version of Collins' receiver with their RA-17 
receiver, possibly the best shortwave receiver of all. 
Collins and Racal both employed a quartz crystal, but 
derived many regularly spaced frequency standards 
through harmonic generation, and clever multiple 
conversion steps that both add and subtract the VFO 
output, thus canceling any drift in its frequency. 

We who collect and restore old radios see so many of 
the 1930s to 1950s domestic receivers that physically 
have shortwave signal-receiving capability, but those 
receivers seldom serve a useful shortwave-listening 
purpose, except sometimes, to display a very colorful 
tuning dial. Most of these receivers are superhets, 
and have been aimed primarily at AM broadcast-band 
use. For this band the superhet can work quite well 
with its frequency-changer (the first detector 
mentioned earlier) converting the incoming program, 
on a frequency between 550 and 1650 kHz, to an 
intermediate frequency (IF) of perhaps 455 kHz. 
Tracking between the incoming signal's span of 
frequencies and the local oscillator's span has been 
honed to a fine art over the years, and has remained 
cheap and simple, and in all but a few of the very 
cheapest circuits it works well. But when the same 
radio sports a shortwave band, the tuning range 
usually increases from 550-1650 kHz (a span of 1.1 
MHz) to 5-18 MHz (a span of 13 MHz). What this 
means is that the possible shortwave signals the 
owner wanted to hear, like Deutsche Welle, BBC, or 
RFI, would be so crowded together on the tuning 

(Continued on page 11) 
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(Continued from page 10) 
dial, and their shortwave broadcasting 
bands were packed so close to other pulse 
or chirp-like signals that they were painful 
to listen to. 

But we collectors also sometimes have 
very creditable shortwave listening 
capabilities in one or more of our sets. 
There's always the Scott All-wave or many 
of the Hallicrafters radios of the 1930-50 
period, and these had fairly good "band-
spread," so as to facilitate separating the 
incoming signals. In the better sets, band-
spread was done through the use of a 
second ganged variable capacitor of very 
small capacitance, and was turned via anti-backlash 
gears. In cheaper sets, only the local oscillator was 
fine-tuned by a trimmer capacitor. And, of course, 
there are always the Zenith Trans-Oceanics, with 
their 4 or 5 explicit bandspread shortwave 
broadcast coverages. 
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Easy-to tune and read dial face of Zenith TransOceanic, with 
bandspread for each of then-popular SW broadcast bands. 

Probably the greatest difficulty in using the 
shortwave bands for communications is choosing 
the right operating frequency. Before 
communications can be established between a 
fransniitter' and a correspondent's receiver, both 
must be set to the same shortwave signal frequency, 
and this frequency must be in the right general 
section of the spectrum that agrees with the 
required refractive indexes of the ionospheric 
layers encountered, causing just the right degree of 
ray-path bending (refraction) to bring the raypath 
from the transmitter down to earth at the receiver's 
location. Under most all circumstances, this is not 
an unique frequency, but instead, usually within a 
MHz-or-two segment of the overall shortwave 
spectrum. In repeated operations between two 
correspondents, for example, daily, seasonal, and 
long-term [6] frequency-usage patterns can usually 
be discovered and will succeed with exceptions 
expected about five percent of the time. 

To assist users of the shortwave spectrum in the 
early years, say from 1925-1938, experts from the 
National Bureau of Standards (NBS), originally 
equipped with receiving stations to log and publish 
ionospheric conditions in various locations and for 
varying distances and directions from those 
locations, made the data available to radio 
publications and news bureaus, for general 
dissemination, thus gradually teaching useful 

trends in the general operating frequencies that should 
be expected over often-used paths or areas. By the 
mid-1930s, NBS had designed, and was supplied (by 
Barker and Williamson) with pulse equipment like 
Breit and Tuve had used a decade earlier, but which 
would record on film the pulse return delay as a 
function of operating frequency, the latter 
automatically swept and the returns plotted on a 
logarithmic frequency scale. With this data display 
and photographic recording capability becoming 
standardized over the world, common distance-
frequency conversion scales and curves were 
developed to allow ready conversion of the frequency 
scale to the optimum operating frequency once the 
distance to be covered was set in. It remained only to 
set up a routine frequency-time search plan to gain 
initial contact at which the ionosonde—derived data 
would be exchanged between transmitting and 
receiving sites. 

Radio magazines picked up on the interest both 
amateurs and the general public were expressing for 
shortwave listening, and began publishing tables of 
listening frequencies for various international and 
domestic transmitter locations as a function of general 
listeners' locations. The public popularity of 
shortwave listening started with the publicity and 
adventure associated with the expeditions to the North 
Pole, Antarctica, and other exotic places, but soon 
became more serious and less entertaining as the 
political and military tensions in Europe began to be 
flexed, reported excitedly by American and foreign 
reporters. Every daily newspaper listed the best 
listening times and frequencies for many of the "hot 
spots" in Europe and the world, having obtained the 

(Continued on page 12) 
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(Continued from page 11) 
frequency-time data ultimately from 
the Bureau of Standards (NBS) 
shortwave monitors in Sterling, VA. 
Many of the larger broadcasters (like 
KDKA, WOR, KYW, and WSB, for 
example) maintained their own 
shortwave transmitting stations 
which had direct links to NBS for 
both monthly predicted frequency 
usage, and bulletins announcing 
deviations expected owing to solar 
storms, sunspot changes, and the 
like. These data came from other 
government labs, like Ft. Belvoir's geomagnetic 
observatory. NBS scientists produced a 3-month 
predictive analysis monthly to the IRE, as well, 
which became a regular feature in their Proceedings. 
By the time WW2 started, NBS had the start of a 
worldwide network of ionospheric sounders (pulsed 
frequency-sweeping transmitter-receiver recording 
systems) installed and reporting on a regular basis, 
enabling publication of periodic frequency 
prediction tables for use by the military and other 
selected users. [7] 
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Cheap WW2 morale radio dial (L) and Emerson Ingraham set (R), 
showing extreme dial compression for shortwave bands. 

These days, most of the formerly reliable shortwave 
broadcasters are no longer on the air. In the years up 
to and including WW2, the standard shortwave 
broadcasters used the 16-m, 19-m, 25-m, and 31-m 
bands to reach North America and the world, and in 
low sunspot years added the 41-m band (around 7 
MHz). After several almost annual WARCs (World 
Administrative Radio Councils), dominated by 
third-world representatives anxious to broadcast 
their pleas abroad for tourism (and their local pleas 
for political gain), about 15 additional shortwave 
broadcasting bands were added, taken from 
amateurs and commercial users, and most of these 
are restricted in geographical coverage. BBC, for 
example, no longer has a shortwave world service 
beamed our way; it now serves only third-world 
countries, their assumption being that most highly 
civilized places on the globe now use the internet, 
which is where BBC puts their "broadcasts." Same 
thing has happened to what we once knew as Radio 
Moscow, Radio France International, and most other 
such broadcasters. Deutsche Welle still uses 
shortwave broadcasting, and has some programs in 
English, using 9670, 13810, 15290, and 17800 kHz. 
With the current sunspot activity at a near minimum, 
the higher of these frequencies may not reach North 
America, but the others might make it. BBC's 

broadcasts, mostly aimed at Africa and the middle 
east, are on 5875, 6005, 7345, 9915, 12905, and 
15490 kHz, with the lower frequencies confined to 
night-time (here) and the higher of these frequencies 
are broadcast in daylight hours. 

If the reader, here, is new to shortwave listening, 
there are two rules-of-thumb: first, as noted in the 
preceding paragraph, the shortwave bands (3 to 30 
MHz) have very little English-language news, 
musical, or feature reporting at the current time, 
having been largely replaced by the Internet and its 
ubiquity; second, the voices and music you do hear 
will not have the sound quality you might have 
expected, and there will be noise, "static," and 
interfering signals interrupting all but the most 
powerful stations' signals. The first time this author 
ever heard shortwave broadcasts was in late 1938 on 
a Christmas-season visit to my grandparents' farm 
five miles away, in western Pennsylvania, where 
Grandpa had just recently bought a new Zenith 
console with a "robot-dial." [8] He had poor hearing, 
so the radio was set sort of loud, and he was sitting 
right up close to it as it blared out the world news by 
some excited commentator in a foreign language. 
The voice on the radio swung upward and downward 
in pitch and loudness, and there were crackles, 
rushing air noises, and pops throughout the agitated 
talk. At times his voice seemed to be almost 
wrenched from his mouth, and at other times he 
became nasal and high-pitched as though he could 
hardly breathe. We had to remain silent (sssshush, 
dammit!) until there finally was a momentary break 
in the diatribe and an English-speaking announcer 
said something about "going to 19 meters." Grandpa, 
being a steel-mill furnace worker, was certainly non-
technical, but he expertly flicked the robot dial high-

(Continued on page 13) 
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speed tuning knob two quick pulses, and then eased 
the dial a tad one way and then the other, and the 
same diatribe continued, this time with less distortion 
and static interference. After another five or ten 
minutes, other announcers came on and Grandpa 
turned the radio off, saying, "Well, that was Prague. 
Czechoslovakia will be gone soon." He was born in 
Austria-Hungary, in a part which became 
Czechoslovakia after WW1, and had an emotional 
attachment to the place, and he was certainly not at 
all pleased with Germany or Hitler at that time. I 
stood there amazed at the radio — not what the 
announcers were saying, but how keen the radio was, 
pulling in voices, seemingly by force, directly from 
the middle of Europe. Later Grandpa showed me his 
secret key to how the radio did this; he had put up a 
150-foot-long antenna wire on abandoned telephone 
poles that ran through his property and along the dirt 
lane past his barn, tying the wire to the abandoned 
green glass insulators and all. The next time I heard 
shortwave radio signals was about six years later, as a 
high-schooler, using my own home-brew battery-
operated radio made with two 1L4 tubes and from 
parts of old radios and a hobby kit that a local radio 
repair shop had thrown out. The shortwave airways 
were much quieter then (during the war), with no 
hams on, but the war news was exciting to hear, and 
the distance-conquering elation returned. I also had 
a 150-foot antenna strung up on poles intended for 
the day we would "get power." 

In the immediate-pre-war period of 1938-41 news 
programs on the ordinary AM broadcast band could 
be expected to patch in foreign announcements and 
analyses of the European news, most of which were 
beamed to this country via shortwave transmission 
from England and Spain, transmitting to three or four 
network-owned receiving sites in New York and New 
Jersey. The networks pooled their resources to an 
extent, and sometimes used the new method of 
diversity reception to help improve intelligibility of 
the voice programs. One of the quirks of shortwave 
signal propagation is caused by the multiple 
ionospheric layers, which promote the development 
of multiple raypaths over which a distant transmitter 
antenna can connect with a receiver. Normal 
movement of the reflection areas due to winds aloft, 
solar heating, and interaction with the earth's 
magnetic field makes these raypaths fluctuate over 
time, and makes the signal arrive at the receiver over 
several paths, each of slowly varying lengths, 
sometime reinforcing and sometimes cancelling each 
other. To aggravate this, the AM signal comprises 

waves at three frequencies, the central carrier plus the 
two sidebands that carry the voice or music program 
information, and all three undergo separate and 
independent reinforcement and cancellation, a 
process called frequency-selective fading. When this 
latter effect results in momentary cancellation of the 
carrier signal, that is what produces the excruciating 
voice distortion of the announcer, and the resulting 
loss of AVC in the receiver allows the background 
noise to rise up and swamp the voice. 

Diversity reception helps combat these effects quite 
effectively. In this process, two or more separated 
antennas are used for reception, resulting in two or 
more separate sets of ray-paths from the transmitter 
to the receiving complex, each undergoing its own 
frequency-selective fading pattern independently. 
The receivers' outputs are added, but the AVC 
voltage, controlled by the received carrier level itself, 
which is fed back to the receivers, is chosen from the 
greatest-of, among the two or more channels. This 
way whichever receiver channel is receiving an intact 
carrier signal cuts down the gain of any other 
receivers in the system, and dominates the audio 
output. This reduces dramatically those 
excruciatingly painful passages in a talk that sound 
like the speaker is strangling. 

If they had had diversity reception back in 1938, 
when I was 7, visiting Grandpa, I probably would not 
have been so amazed at the reception of voices sent 
from half a world away, and might have ended up 
majoring in sociology in college., rather than physics, 
and someone else would be writing these tales. 

End Notes: 
[1] Leyden jars, simply high-quality glass flasks that 
were partially covered inside and out, by tin foil to 
which wires or terminals were soldered. A basic 
capacitor, or condenser, is simply any two conductors 
(the Leyden Jar's two foil pieces) separated by a non-
conductor (the glass jar's walls and bottom). So 
general was the use of Leyden Jars in early radio that 
the British term for capacitor size, which is now 
universally Farads (F), microfarads (g), or 
picofarads (pF), was for many decades, "Jars." One 
Jar was 1111 pF. 
[2] As noted above, surface waves operate best over 
the ocean, and the ocean surface roughness causes 
losses in propagated signal strength, the degree of 
loss proportional to roughness, measured in 
wavelengths. The North Atlantic's rough 50-foot seas 
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seem smooth to 20 kHz signals (wavelength: 15 
kilometers) but exceedingly rough at 20 MHz 
(wavelength: 15 meters). 
[3] Efficiency and freedom from unnecessary inter-
user interference dominated Navy thinking, and at 
the highest levels they were appalled at the required 
sizes of transmitters like the Alexanderson alternator, 
the huge Federal arc transmitters, and the still active 
spark transmitters. 
[4] Or by travelling a curved route to match the 
curvature of the essentially spherical earth's surface, 
which, at the operating frequency observed, was 
considered highly improbable.. 
[5] The multi-grid frequency-changer and the tetrode 
(or pentode) RF amplifier stages in the superhet 
allowed good tracking, thus obviating the separate 
tuning capacitors so common in triode-implemented 
superhets of the 1920s, which rendered the radios 
"sailor-proof' for the first time. 
[6] An extreme in the ease of setting up shortwave 

schedules was related in the January 2018 Radio 
Age article on OTH radar and nuclear bomb 
detection experiments in which shortwave 
communications between Johnston Island and 
Eniwetok in the Pacific were set at about 29.5 MHz 
for all daylight hours, every day, between February 
and September, 1957. 
[7] Aside from military agencies who needed to 
produce periodic frequency usage charts for their 
shortwave operators, certain critical international 
broadcasters, like KDKA and others, and 
laboratories developing communications equipment 
received "hot-off-the-press" ionospheric data from 
NBS, and their worldwide network of ionospheric 
stations. 
[8] I think it was a Model 9S262, but at the time, or 
slightly later, I counted the tubes and found 8, not 
realizing that beautiful green bull's-eye on the dial 
was a tube. 

TIDBITs continued from p.8. 
Now, the one I repaired, or restored, sort of, was 
born a Model 10Y-1, but it left my bench as a 10Y. 
The difference between the two is the motorized 
tuning in the 10Y-1 and in SFO's 12Y. This motor-
ized tuning had been removed from the radio I 
worked on, which is why the owner didn't want to 
try to get the set working, He feared all sorts of 
things could go wrong, mostly because the sche-
matic data in Rider was partitioned into 10Y 
(manual tuning) and 10Y-1 (motorized tuning) with 
no half-way measures. 

Recognizing the automatic frequency control circuit 
immediately was the solution, Luckily I had worked 
on several sets (like the Grunow Majestic 300A) 
that had automatic frequency correction to compen-
sate for inaccuracies in the "telephone-dial" type 
station selection. This tube was in place, but was a 
dud tube, with the heater failed. The person who 
removed the motorization had done this, to avoid 
having to retune the radio if he pulled the tube out 
altogether. The present owner's complaint was that 
the radio only tuned properly at high frequencies (of 
the broadcast band). 

That told me that a dud tube was probably not suffi-
cient to make up for the capacitive effect of the tube 
when it was operating with the motor system. So I 
put in a good tube (6J7), and fired up the radio, find-
ing out that the tuning was a bit worse. It was then 

that 1 noticed the former repair person had also 
shorted out a tuning switch in the 6H6 detector 
circuit. This switch prevents the radio from trying 
to perfect its tuning as the motor is retuning it to a 
new station. It is shorted when the user presses 
any tuning selector button, but then is made opera-
tive when the user lets go. 

With the switch permanently shorted, the tuning 
must be tweaked to exactly the right spot for each 
station. I removed the short and let the 6H6 detec-
tor do its part after any station selection, and , af-
ter adjusting the Broadcast band and Police band 
local oscillator trimmers, and letting the automatic 
fine tuning control tube (that 6J7) do its thing, the 
radio seemed to play well. 

RICHARD Altig, long-time MAARC mem-
ber, wrote regarding the mention of prox-
imity fuzes in February Radio Age. Rich-

ard worked on "Sky-sweeper" 75-mm radar-
controlled anti-aircraft artillery at March Field, 
CA in 1953-54. They tested their radar/gun sys-
tem by firing almost horizontally out to sea. 
When they were outfitted one day with proximity-
fuzed ammunition the shells exploded soon after 
leaving the gun muzzle, seriously endangering the 
crew. Turns out it was the proximity of the shell 
to the ocean surface that set them off, as their de-
lay circuit had been turned off. 

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

Antique Radio Repair : 30 
years experience in repair of 
antique radios and tube equip-
ment. Reasonable Rates. Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 

For Sale: 
Photocopies of DOD publication 
on tube tester Models 1-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
1-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 

Wanted: 
Geiger Counter aficionados — I 
would like to correspond w/ 
members interested in 40's to 50's 
vintage Geiger Counters. I've 
managed to repair a couple of 'em, 
including one made by HEATH, and 
would be pleased to discuss the trials 
and tribulations encountered. Please 
e-mail, snail-mail or telephone! 

Stephen Imms 
6035 E. Pine Crest Ct, Comville, AZ 
86325; 928 852 0881; Email 
steveimms@cableone.net 

Wanted: Person who bought a 
Knight-Kit T-60 60-watt AM-CW 
Transmitter at Radio WinterFest-
2018. I have found the manual, 
marked up by whoever built it, 
with some component value 
changes and other helpful notes. 
Please contact me, Vic Velelli, at 
vele.vic46@gmail.com 

WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
John Okolowicz, (215) 542-1597, 
j ohn@grillecloth.com. 

Wanted: Any info on Hickok TS 
or Stark Teaching Systems (TS) 
Model 435 Low Voltage Power 
Supply. Thanks 
Ma rv i n Mo s s 
<mmoss@mindspring. com> 

Geoff Shearer reports the follow-
ing new MAARC members: 

Erin Gatewood, Lafayette, CO 

John D. Harris, Alpharetta, GA 

Greg Hudgens, Stevensville, MD 

Stephen Lashley, Norgross, GA 

Welcome to the club, and happy 
collecting!! 

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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David Rossetti 

317 -Edgemere Dr 

Annapolis MD 21403-3914 

En)  es: 2019-12 

MA-7W 110-or OxtenOTI 

Sun., Mar 17 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:40, 
meeting at 1:00 pm. Program: Randy Warren: Phono 
cartridges; Display Table: Loop Antennas. 

Sun., Apr. 14 MAARC meeting at Sully Station Community Center, 
Centreville, VA. Tailgate at 11:30; Panel Discussion on 
radio alignment. Display table: Crystal set kits. 

Sun., May 19 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:40, 
meeting at 1:00 pm. Program: Bruce Pellicot, Aligning FM 
radios; Display Table: Loop Antennas. 

Thu-Sat, June 27-29 RadioActivity-2019, at the Sheraton College Park North, 
4095 Powder Mill Rd., Beltsville, MD; on the southwest 
corner of the intersection of MD 212 and 1-95. Theme, 
this year: Shortwave Radios; See blue insert in this 
issue of Radio Age. 

Sun., July 21 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:40, 
meeting at 1:00 pm. Program: Randy Warren, Tone arms 
for turntables. 
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