
JI 
RADIO AGE 

The Newsletter of the 
Mid-Atlantic Antique Radio Club 

Volume 32 January 2007 Number 1 

MUSIC OF THE SPHERES 
Not Kepler's, Not Franklin's, but Gager's Spheres. 

By Ed Lyon 

BY the time Johannes Kepler became interested in 
the planets, many of his fellow scientists had 

already concluded that it was a heliocentric system, 
and not earth-centered. Kepler sought sort of 
order in the geometry of the 
planets orbits, and, in 1595, 
while studying triangles 
inscribed and circumscribed 
in circles he suddenly 
realized that the orbits of two 
of the planets had radii (they 
were assumed to be circular 
orbits, then) that were 
magically arranged in size. 
He had seen that Jupiter's 
orbit and that of Saturn were 
analogous to circles inscribed 
and circumscribed on an 
equilateral triangle. Well, 
almost so, at least. He 
realized that the orbits were 
not all in the same plane, so 
he tested those two 
planets'orbits again, using a 
"solid" triangle ( a 
tetrahedron) and two fitted 
spheres, rather than simple 
circles. The really magical 
thing was that the five known 
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simple solid geometric figures could just be fitted 
between the orbits of all the six then-known planets. 
For example, the tetrahedron just fitting inside the 
orbit of Saturn could fit the orbit of Jupiter inside the 

itself. Other planets' orbital spheres 
worked with the cube, the 
octohedron, etc. All this lead 
him to believe in a mystical 
"harmony of the spheres," 
which he illustrated as in Fig. 
1. But it wasn't quite correct, 
and he realized it, persuading 
him to change all the orbits 
to ellipses, which worked 
quite well. So much for 
Kepler's flattened spheres. 
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Figure 1. Kepler's solid shapes and their as-
sociated spheres, representing planet orbits. 
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Nearly 200 years later, Ben 
Franklin was so impressed at 
a musical concert given by a 
fellow in France who played 
haunting melodies on an 
arrangement of 18 wine-
glasses (by rubbing their tops 
with a wetted finger), that he 
automated it. Actually, he 
invented a form of music box 
he called the Armonica, 

(Continued on page 3) 
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Radio Age were separate publications. 

Subscription to Radio Age begins with the next available issue 
after the membership application and dues are received. Dues 
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Submissions to Radio Age are welcomed. Typewritten copy is 
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quality black and white or color. Softcopy graphics files should 
be in TIFF or JPEG formats; contact the editors for further 
guidance. Send your submission to either editor and include 
your name, address, phone, and email. 

MAARC MONTHLY MEETINGS. MAARC is currently 
seeking a new meeting place. The July, August, and September 
meetings will be held at the Davidson Family Recreation Center 
in Davidsonville, MD. Best routing is: US 50 to MD 424, then 
south to MD 214 (Central Ave.), then west only 0.6 mile to 
slight left onto Queen Anne Bridge Rd. Then 1.7 miles to the 
Rec. Center on your left. 

Map — Davidsonville Family 
Recreation Center (not to scale) 
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(Continued from page 1) 
consisting of over 20 hemispheres of glass, mounted 
on a shaft and nested together, so that when rotated, 
all of the glass hemispheres rotated, and a wetted 
finger could be simply touched to any glass, forming a 
musical note. He learned to play simple tunes on it, 
but accomplished musicians could render fine music 
on it, or so it was claimed. His Armonica is shown in 
Fig. 2. This was Franklin's music of the (hemi) 
spheres. 

Figure 2. Franklin's Armonica, a music box made 
up of spinning glass hemispheres. 

But this article is about a different harmony of the 
spheres, Mal Gager's spheres. Frank Malcolm Gager 
was a Bostonian who taught at Boston College and 
was an early experimenter in radio and electronics. 
He backed Rev. Joseph Daley's Plerophone [ 1] radio 
(Fig. 3), for example, back in the 1920s. During 
WW2, he joined the Naval Research Laboratory in 
Washington, and worked on radio communications 
and radar projects, and later led the NRL effort in their 
MUSIC and MADRE Over-The-Horizon Radars 
(OTHRs) [2]. He was an amateur radio operator from 
the time he was in his teens, and was a member of the 

Figure 3. Rev. Joseph Daley's "Plerophone" re-
ceiver, this model boasting 6 stages of TRF amplifi-
cation, with no neutralization, no feedback. 

OOTC (Old, Old Timers Club). He always operated 
his amateur radios in the CW (Morse keying) mode 
[3], and so he had a keen interest in narrow-band 
reception, to maximize sensitivity and minimize 
adjacent-signal interference. 

In 1936 he developed a speaker he called a 
Selectosphere, an example from my collection seen 
here in Fig. 4. This is a split iron hollow sphere, 
which if struck with a rubber mallet, sounds a near-
perfect 1-kHz tone, like a tuning fork or fine bell. The 
size of the interior of the sphere, along with the 
dimensions of its peripheral slot, are such that it is 
also resonant as a Helmholtz resonator, at 1 kHz. 
Inside the sphere, he placed a metal interconnecting 
bolt fastening the halves together, and this bolt was 

Figure 4. A Gager Selectosphere, complete with 
Mal Gager's tag noting the resonant frequency of 
this unit at 1370 Hz. 

made of an alloy that is reasonably magnetostrictive, 
meaning that it expands and shrinks in length as it is 
subjected to magnetic fields. He wound a coil on this 
bolt, and tuned the coil — you guessed it — to 1 kHz, 

(Continued on page 4) 
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(Continued from page 3) 
also. This spherical device became a speaker, triply 
tuned to 1 kHz, on which he could hear Morse signals 
from a single station at a time, even on a cheap radio. 
The net bandwidth of the device was said to be 30 Hz, 
according to an article Gager wrote for the October 
1936 issue of Radio Magazine. I measured one of the 
three units I have in my collection, and when driven 
from a constant-current source it has a -3-dB 
bandwidth of about 33 Hz. It had a tag noting a 
frequency of 1370 Hz, and the resonant frequency I 
read was 1355 Hz. 

Apparently the casting could have a natural resonant 
(bell mode) frequency that was nominally 1 kHz, but 
could vary about this value as a function of the 
amount of finish grinding given the hemispheres. 
Then the gap between the hemispheres had to be 
adjusted to get the Helmholtz mode chamber 
resonance moved to the same value as that of the 
castings. Finally, the capacitor inside, used to 
resonate the drive coil, had to be chosen to get the 
same electrical resonance. My units resonate at 1100 
Hz, 1355 Hz, and 1205 Hz. The switch on the base 
can be used to switch out the capacitor to reduce the 
selectivity a little. The inside is shown in Fig. 5. 

Figure 5. The Selectosphere opened up. Washers 
were used on the brass center bolt to adjust the 
exit gap between the hemispheres. The coil is 
wound on a magnetostrictive alloy core. 

My three units came from Mal Gager's home, as his 
widow was clearing out his "junk" in 1989, and had 
called me and a few of his former ham buddies to 
come and help. He had also mounted one of the units 
on the front panel of a home-brew TRF receiver, but 
that was gone from his home by the time I got the call 

from Mrs. Gager. I found later that it, or one like it, 
had been put up for sale at the 1991 April Hamfest at 
Timonium, and had been bought by MAARC's John 
Kelly. John was about to use the receiver for parts, 
but fellow ham Dave Burns recognized the 
Selectosphere as a resonator, and said that he recalled 
a QST article on it. (John then found the article in the 
February 1938 issue.) John wrote a nice description 
of the receiver and the Selectosphere for the AWA Old 
Timer's Bulletin (V32, No. 3) a few years later. 

Figure 6. The tiny Brown horn speaker from Aus-
tralia, having a relatively sharp resonance at 
about 750 Hz, suitable for CW reception. 

Gager tried to interest the ham community in the 
device as a way of getting high selectivity out of a 
pedestrian receiver, but his choice of audio frequency, 
1-kHz, was a bit too high for most amateurs, and the 
device would have doubled in size if he had aimed for 
400 Hz instead of 1 kHz.. Already it is about 6 inches 
in diameter, and is quite heavy. Not many sales were 
made from the lashed-together Selectosphere 
Company of Newtonville, Massachusetts, a company 
that didn't last long, running ads in alternate months 
in QST in 1938. Other efforts at acoustically resonant 
loudspeakers for Morse listening also fell on deaf ears 
in the ham community. Brown, in Australia, made a 
cute little horn speaker (Fig. 6) in the late 1920s for 
just this purpose, and it failed to attract much 
attention, as well. 

The ads in QST tell the sad story. Starting in March 
1938 (Fig.7), the Selectospheres were offered at 
$7.50, but a few months later (Fig. 8), they were down 
to $3.95, probably plus shipping; the ad doesn't say. 
Hams of the period weren't interested in audio 
filters—they wanted crystal filters in the IF strips. 

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

This past year marked the 70th anniversary of Gager's 
music of the Selectospheres. 

SELECTOSPHERE 
High Selectivity. Noise and static reducing loudspeaker. 
Rivals XTL filter reception. Designed for pentode audio out-
put. Approx. 1000-cycle peak. Suitable for TRF or superhet. 
Approx. 7" high, 4" dia. Black crackle finish. Kit with instruc-
tions for assembly and use. Amateur Net $7.50, shipped post-
paid in U. S. Shipping weight 8 lbs. Simple to assemble. 

Selectosphere Company, Box 3, Newtonville, Mass. 

Figure 7. Small QST ad in the March 1938 issue 
offered the Selectosphere for $7.50 

References: 
[1] Lyon, Ed, "The Miraculous Plerophone," Radio 
Age, November 1997, p. 1 . 

[2] This author had to appear before the House Armed 
Forces Committee on OTHR in the early 1960s along 
with other radar scientists, including Mal Gager. He 
was asked (by Louisiana Congressman Hebert), 
"Mistuh Gageah, suh, kin y'all tell us, usin' simple 
talk we kin unnerstan', exactly wheah the Navy is at 
in this heah Ovuh th' Horizon Radah business." 

Mal began by first taking a last draw from his Marsh 
Wheeling cigar and putting it in his vest pocket. He 
then started, " Well, a long time ago, in Boston, I was 
interested in hearing what these new broadcast 
stations sounded like, and I saw an advertisement in a 
magazine for the Acme Model A antenna for my 
crystal set. It was claimed to fetch signals from over 

two hundred fifty miles distance. I sent Acme the 
required money, and in due time the antenna kit 
arrived. I erected it according to their plans, but it 
only brought in local Boston signals, and nothing 

RIVALS CRYSTAL FILTER! 
A unique. single- unit, noise- and static-reducing, electro-acousti-
cal device called Selectosphere. Universally adaptable to old and 
new ham receivers, from tris to supers. No alterations. Three 
years proven performance with amateurs, commercials and 
expeditions. See page 16. Feb. '.:38.Q.ST. Selectosphere sold direct 
:kt $1.95. Write for "dope." 

SELECTOSPHERE CO., BOX 3. NEWTONVILLE. MASS. 

Figure 8. By August, the price was down to $3.95, 
with an offer of free information for the asking. 

from New York or Philly. I complained to the Acme 
folks in a terse letter, and they wrote back suggesting I 
get their Model B antenna kit, instead, guaranteed to 
fetch signals from 1000 miles away. I reluctantly sent 
them more money, and their Model B antenna arrived. 
I put it up, exactly as they specified, and it brought in 
New York on occasion, but nothing farther away. 
Again I wrote to them, complaining bitterly about 
their advertising practices and their doubtful 
parentage. They were apologetic in their return mail, 
and said I really needed their Model C antenna, which 
routinely brings in signals from around the world, 
without any range limit. I dreaded sending more 
money, but finally did send them the fee for a Model 
C. It arrived, and I put it up per their drawings. Now 
I was able to get KDKA in Pittsburgh in the evening, 
sometimes, and could get New York more or less 
regularly. But that was the limit of what those Acme 

(Continued on page 6) 

FOR THE RECORD 

The November meeting of the Mid-Atlantic Antique Radio Club was held at 2 p.m. at the Davidsonville Fam-
ily Recreation Center in Davidsonville, MD, on the 19th of November, 2006. About 64 members were pre-
sent to see a fine video on Plastics in Radios, concentrating on Bakelites and Catalins, but also covering 
Plaskons and other hard (thermosetting) plastics. It was well received by the members present. The video 
will be continued at the next meeting. The auction saw some brisk bidding on several pieces, and this editor 
made off with a very nice Zenith farm set that will be powered up with a small a-c power supply, built into a 
battery pack-sized box. The auction netted about $270, and capacitor sales brought in another $84, so we 
nicely covered the site fees for the meeting, plus some mailings that are required each month. 

The MAARC December meeting was held at the Davidsonville Family Recreation Center at 2 p.m. on the 
17th of December, 2006. A spirited Show-'n'-Tell led to discussions of packaging radios for mailing or ship-
ping, and the perils involved. Rod Matzko then told of his $35 Emerson restoration project that yielded a ra-
dio priced at ebaY at over $600, proving Col. Belanger's auction instructions: "Bid it up, guys; why, on ebaY, 
this beauty will fetch hundreds!" The video presentation on cabinet repair centered on plastic cabinets, 
mainly Bakelite and Plaskon, and was enjoyed by the 60 members counted at that time. An auction and re-
freshment sale brought in about $ 135, nicely covering the site rental for the month. 
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(Continued from page 5) 
antennas could do." 

With that Gager retrieved the cigar butt (still lit) from 
his pocket, flicked it with his fingers, and put it back 
in his mouth, but mistakenly put the wrong end 
against his lip, getting a slight burn. He jerked the 
cigar away and sputtered. Congressman Hebert 
chuckled and remarked , "A fine story, Mistuh 
Gageah, and I especially liked the cigah allusion about 
how the customer gets burnt by big business. Y'all 
demonstrated that very well, indeed. But our time is 
limited, suh, and we really need to know about the 

Navy's 0TH radah program, so, ... if you don't 
mind... um, could y'all tell us about it?" 

And Gager replied, "I just did." and he sat down. 

[3] Mal Gager was remembered by his co-workers as 
being so profoundly left-handed that he could not do 
anything requiring any hand coordination with his 
right hand. He used a Vibroplex (side-swiper) key to 
send Morse signals, and had it mounted upside-down 
on long stand-off posts on his ham shack desk, so that 
he could use it left-handed, without modifying it. 
•••• 

BILL AND JOE 
RESISTING, PART 3 
BY WALTER LINDENBACH 

LAST time, Bill told Joe about ohmmeters, and 
loaned him his multimeter, a type DVM830 that 

he had obtained from Fair Radio for $ 10. Joe went 
home, tried measuring a resistor, and the reading did-
n't look right, so he phoned Bill who told him there 
was nothing wrong with the meter; the trouble was 
with him, and that they would talk about ohmmeters 
some more the next time Joe was over. 

"So," said Bill, "You're having trouble with the ohm-
meter, eh?" 

"Nope, not now," said Joe, "Hate to admit it, but you 
were right; the trouble was with me, not the meter." 

"That's good--I mean that you found out what was 
wrong. What happened?" 

"Well, I tried measuring a resistor. It was brown with 
a black end and a green dot in the center." 

"That's 1 Megohm," said Bill, "So far so good. What 
then?" 

"The reading went up and down like a yo-yo. I re-
membered then that you had said to keep fingers off 
the resistor leads when measuring high resistances, so 
I did, and the reading settled down to 1.18 mn, which 
was better than the yo-yo effect, but not right. So I 
started thinking." 

"That's a good thing to do. Even if it hurts, it can 
help." 

"Very funny. Something you said last time about tol-
erance came back. I remember thinking that toler-
ance is better than intolerance but somehow, that did-

n't fit. And just then I wasn't feeling very tolerant, and 
the resistor was, so we weren't getting along. Now 
why was this resistor being so tolerant? You know, if 
you can't think something out, reading can sure help 
too." 

"Oh, that's a fact," agreed Bill. "I do it quite often my-
self. And what did you read?" 

"There's a book on my shelf that has the color code 
list, and it said that a gold band after the three color 
bands that give the value, means 5% tolerance, silver 
means 10% tolerance, and if there was no extra color 
after the value bands, that means the resistor tolerance 
is ±20%! So it fit. If my resistor had a 20% toler-
ance, it could read from 800 Ks/ to 1.2 M1-2, and my 
reading of 1.18 M is in that range, so I shouldn't 
complain. But man, that's pretty tolerant!" 

"Yes, that's wide." Bill agreed "We're spoiled these 
days. We don't buy resistors with tolerances wider 
than 5%. Then there are the metal film resistors with 
tolerance color brown: 1%, some with red: 2%. They 
don't cost much more than ordinary carbon composi-
tion types, and the metal film type is much more tem-
perature-stable too. 

"That reminds me. Oh, you'll love this, Joe. The 1% 
and 2% resistors have a different color code arrange-
ment. Ain't that neat? No end of variety and variety is 
the spice of life, you know." 

Joe groaned, Oh, good! I'm so glad! Oh, c'mon, 
Bill! Why another color code? I've just caught on to 
this one, more or less." 
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(Continuedfrom page 6) 
"Now, stop feeling so sorry for yourself. In the first 
place, it is not another code, just one more color 
band; and second, it is needed because, with 1% or 
2% tolerance, three color bands won't specify the 
value correctly. Now, you were complaining a minute 
ago about too much tolerance; here are really good 
resistors, and they have to be marked to show how 
good they are." 

Joe perked up. "Ah-ha! OK, how is it done?" 

"Simple. Look Here is a resistor with bands that are 
blue, black, yellow, black and brown. The numbers 
are 6, 0, 4, 0, 1, which mean: 604, 0 extra zeros, and 
1, and that means the resistor is 604 S2, 1% tolerance. 
These bands cover the whole resistor body, so where 
do you start? Well, the brown 1% tolerance band is a 
bit wider than the other bands. But frankly, I find 
them hard to read, partly because the color bands are 
on a light blue background. So I cheat and use the 
ohmmeter. 

"You might think it's not worth the bother Joe, but 
this resistor value is important. I used to work with 
audio systems where standard line impedance is 600 
ohms. To terminate a transmission line, one should 
have just that resistance: 600 ohms. Well, I'd use a 
standard EIA value: 620 e if there was one handy. If 
not, 560 SI or 680 n would have to do. That's not so 
good for level measurements. Oh, the error was 
small, but to have a 604 12 resistor - a proper termina-
tion - felt good." 

"Well, I don't have to measure audio levels, but 
you've made the point. Now, if I have it right, the first 
three colors are for numbers, the fourth tells you how 
many zeros to add, and the fifth is brown for 1% tol-
erance, and it is a bit wider than the others." 

"Right on the money." said Bill, "That wasn't so bad, 
was it?" 

"No, that's good," agreed Joe, "but as you love to tell 
me 'Cheer up, the worst is yet to come." 

"Really?" Bill figured Joe was about to pull his leg a 
bit. 

"While I was sniffling around trying to find out about 
tolerance, and feeling quite intolerant about the 
whole thing, the guy who writes this thing - you 
know, Walt - well, he took pity on me and let me 
nose through his collection of old newsletters. There's 
one called Radio Age and in an issue from March 
1999, there is an article by a fellow named Ed Lyon. 

It's called 'Resistors--So Simple Nowadays." 

"Ah-ha," said Bill, realizing this was not leg-pulling, 
and getting really interested, "So, what did you 
learn?" 

"Back in the early days," continued Joe" there were 
some funny critters that passed for resistors. Some of 
these curiosities came about by reason of patent inter-
ference problems. Now, get this. One resistor, so-
called, was a glass tube with two metal ferrules for 
ends and a piece of paper with a graphite streak 
from one end to the other! That must have been the 
most tolerant resistor in captivity. Ed shows an ad for 
grid-leak resistors of 3-me value, priced at 7 cents, 
and that's in 1920's money. The ad doesn't mention a 
tolerance percentage at all. Apparently for grid-leaks, 
the value could vary all over the place without caus-
ing problems, and I'll bet it did." 

"Hey, that's good stuff," said Bill, "March 1999 Radio 
Age you said? I must get hold of that issue. Maybe if 
I ask real nice-like, Walt will loan it to me." 

"Oh, sure," said Joe, "but you have to put it back on 
the shelf in the right place, or you'll get an intolerant 
reaction. Oh yipe. Look at the time! Talking about 
tolerance, Lynn makes a very good dinner, and if I'm 
late, she gets unhappy and a little less tolerant. I 
gotta' run." 

"Yeah, sure thing." said Bill, "Next time I want to 
hear more from that Radio Age article." 

"Will do." said Joe over his shoulder. 

(To be 
contin-
ued) 
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AUDIO UNDER GLASS-4 
The Power Amplifier Stage 

BY ED LYON 
We started this series with a discussion of negative feedback in amplifiers. The first example was a power amplifier 
stage, as copied from an old British or Canadian Marconiphone radio. Then we covered negative feedback in general, 
but confined the examples to voltage amplifiers, as one would use in audio systems to drive a power amplifier. Since 
power amplifiers have to handle much larger signal levels, the opportunity is present in these amplifiers to distort the 
signal waveforms more than in low-level amplifiers. Thus, it would seem that negative feedback might help power am-
plifiers improve their large-signal handling capabilities, improving the listening quality of sound systems in which they 
are employed. So, to help in the discussions of negative feedback and power amplifiers, we should first look at the char-
acteristics of power amplifiers, in general, then marry these concepts with various forms of negative feedback. 

ACUUM-TUBE radios come in all sizes, having 
power amplifiers (to drive their loudspeakers) 

that range in size from a few milliwatts in little bat-
tery portables to perhaps 40 or 50 watts in the big 
Scotts. In the heyday of these radios, the loud-
speakers were designed to be relatively efficient, 
and, by "efficient," we mean perhaps 5 to 10 percent 

of the radio's output signal power actually turned 
into acoustic power. But this "efficiency" came at a 
price: In those speakers the cone was not damped 
very heavily, and the resonant frequency of the cone 
was quite sharp and distinctive. The frequency of 
resonance varied coarsely as the inverse of the 
speaker diameter, with a big 12-inch unit resonating 
at about 60 or 80 Hz, and a little 4-inch table radio 
speaker resonating at perhaps 250-300 Hz. What is 
tough for a power amplifier to cope with is this 
resonant frequency, and the way it usually falls 
somewhere within the frequency range that has to 
be amplified. In the vicinity of the resonance, the 
impedance of the speaker changes radically, as 
shown generically in Fig. 1. Well below resonance, 
and well above resonance, the impedance usually 
changes slowly and smoothly with frequency. 

It would be nice, for the power amplifier designer at 
least, if the speaker resonance was at, say, 10 Hz, 
somewhat below the lowest frequency that has to be 
amplified. That way, the characteristics of the 
speaker would hypothetically vary uniformly with 
frequency throughout the audio spectrum, 20-
20,000 Hz. We say "hypothetically" because here 
we presume the mechanical characteristics of the 
cone and voice coil will not exhibit some secondary 
resonances or nonlinearities somewhere else in this 
enormous spectrum (imagine a range of 1000:1 in 
frequency in any other venue, such as radio frequen-
cies). But to get a speaker mechanical resonance 
down to 10 Hz would require an extremely soft, 
compliant cone suspension, and a heavy cone, at 
that'. Modern speakers simply dampen the cone 
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Figure 1. Typical speaker impedance-vs.-
frequency curve, from Langford-Smith, 4th ed. 

movement through the choice of cone material and 
the way the cone is suspended in the speaker frame. 
It is not unlike holding one's finger against the voice 
coil, loading all movement of the cone. As a result, 
modern speakers are only 1-5% efficient. 

But efficiency is not important in modern amplifiers, 
for if we can make transistors that can control the 
20-horsepower motors in hybrid automobiles, it 
should be relatively easy to produce a few hundred 
peak watts out of an audio amplifier. The fact that 
more of this power turns into heat in the speaker 
cone and housing than in the sound waves leaving 
the speaker is of little concern. But tube audio grew 
up as we slowly emerged from the Great Depres-
sion, and the cost of producing wasteful amplifier 
power was in the designer's thinking. 

So, how do we produce audio signal power to feed 
the speaker? It's done in a specialized amplifier (the 

(Continued on page 9) 
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(Continued from page 8) 
power amplifier), that not only increases the voltage 
of the audio waveform, but delivers that amplified 
voltage at relatively high available current levels. 
Every home radio has such an amplifier, character-
ized by the hottest-running tube(s) in the whole radio, 
save possibly the power rectifier that had to make all 
the prime power for the entire radio. There are two 
basic types of power amplifiers, those employing one 
or more triode tubes, and those using tetrodes, pento-
des, or beam-power tubes. They are fundamentally 
different from one another, in that the triode types are 
primarily audio voltage sources (having relatively 
low internal resistance), and the others are primarily 
audio current sources (having high internal resis-
tance). These differences can be 
seen in the basic tube plate charac-
teristic curves published in tube 
manuals. Triode characteristic 
curves, such as those shown in 
Fig. 2, are relatively steep, and 
curve upward with ever-increasing 
slope, so that the sensitivity of 
plate current flow to changes in 
plate voltage can be easily seen. 
Pentode plate characteristic 
curves, as shown in Fig. 3, start off 
steep, then continue with ever-
decreasing slope, becoming nearly 
flat, showing, in this flatter region, 
very little plate current variation 
with plate voltage changes. 

Triode power amplifiers differ 
slightly from triode low-level am-
plifiers, like those we have cov-
ered earlier, in that the signal level 
handled by power amplifiers is 
significant, and can reach a high fraction of the total 
B+ voltage that feeds the triode. This means that the 
probability is much higher that power amplifiers will 
exhibit waveform distortion than will low-level am-
plifiers. But with triode power amplifiers, the situa-
tion is not as bleak as it might at first seem. We must 
remember that, among other parameters, triodes are 

rated in terms of II (mu), or amplification factor. Mu 
is defined as the amount of plate voltage swing that 
will cause the same swing in plate current that a unit 

change in grid voltage causes. So, a triode with a µ 
of 20 is so constructed that the grid is 20 times as 
effective at changing the plate current as is the plate, 
insofar as voltages are concerned. This means, for 

that tube whose µ is 20, that if we wanted to reduce 

the plate current by, say, 10 milliamperes, we could 
do it by lowering the grid voltage (making it more 
negative) by some small amount, like one volt, or we 
could leave the grid voltage steady, and reduce the 
plate voltage, instead. In this example of a tube 

whose µ is 20, the plate voltage would have to be 
reduced by 20 volts. 

The beauty part of a triode amplifier is that if we put 
a constant resistance in the plate circuit as a load for 
the tube to drive, every time we change the plate cur-
rent (through small changes in the grid voltage), the 
result is a change in the plate voltage, because of the 
presence of the load resistance. And the direction of 
the plate voltage change is such as to partially cancel 

the effect of the grid voltage 
change. It is negative feedback, 
without us even intending it. This 
negative feedback makes the basic 
internal impedance of a triode 
power amplifier much lower than 
that of a pentode amplifier, and it 
makes the triode power amplifier 
far more linear than the published 
characteristics would indicate. 
Pentodes and beam tetrodes do not 
possess this property, since their 
plate voltages have little effect on 
plate current most of the time. 
Many pentode and beam-power 
tetrodes are employed in audio 
amplifier power output stages with 
their screen grids connected di-
rectly to their plates, thus making 
triodes out of them. The reason, 
of course, is that there were very 
few actual power triodes designed 
for audio work in this country af-

ter about 1932, and all we had, aside from the older 
Filamentary-types (like the 45, 2A3, and 50) were 
tetrodes and pentodes. The 6L6 beam-power tetrode, 
for example, exhibits an average internal (plate) re-
sistance of about 1600 to 1800 ohms when triode-
connected. 

The low plate resistance of triode power tubes means 
that the speaker is being driven from a low-
impedance source, and the low impedance serves to 
dampen any cone oscillations caused by signals that 
tend to excite its resonance. For example, if the mu-
sic being played through a power amplifier using tri-
ode-connected tubes contains sharp drum beats, these 

(Continued on page 11) 
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URELY everyone has heard the story of 
the famous "War of the Worlds" radio 

broadcast produced by (and starring) Orson 
Welles, aired on Sunday, 30 October, 1938. 
It was done in documentary style, and 
frightened a good number of listeners who 
thought it described a real invasion of earth 
(or at least, New Jersey) by Martians. The 
program was followed, over the next 
several weeks, by warnings from Congress, 

the FCC, and the NAB, to radio producers and directors, 
that such dramatizations must thereafter be clearly labeled 
as fiction and must not be done in documentary or war-
correspondent style. 

Well, the Big War came on just afterwards, and many news 
broadcasts were done in exactly that style, since it was real 
war, and not a dramatization. And the public accepted it, 
and was not likely overly frightened at hearing German 
Stukas bombing Polish cities, for example. But then the 
war ended, and broadcasting resumed its pre-war styles. 
On NBC, a series started, entitled "Radio City Playhouse." 
On one fairly early episode, John Larkin played a scientist 
and William Lipton had the part of an Air Force jet pilot. 
The two of them experiment with super thrust engines, and 
get Bill Lipton's plane to exceed the speed of light, 
whereupon it crashes. When the wreckage is sifted by 
analysts, they discover Lipton's uniform, and hidden in it 
is Lipton, but now a cooing infant. 

The problem was that on the same day, the Defense 
Department was conducting a nationwide defense drill, 
and many jet aircraft all over the country were called upon 
to go aloft and search for intruding bombers. This was 
compounded by the sudden activation of hundreds of sky-
probing searchlights and sirens. Many listeners heard all 
the jet activity and sirens, saw all the lights and military 
vehicles rumbling through the streets, and assumed the 
radio was describing a real event. So, once again, radio 
broadcasters were warned: Don't frighten the listeners! 
No more documentaries that sound realistic! That 
admonition has apparently carried over into television. 

IN this column in the November 2006 issue, we mused 
over the relatively new "digital radio" concept. Since 

then, the mailbag has disgorged a virtual hairball of 
information on the subject. Seems that iBiquity Digital 
Corporation, a company that spun off from a consortium 
formed by Westinghouse, CBS, and Gannett, developed a 
scheme for digital AM and digital FM radio, back in the 
1990s (seems like only yesterday to us tube radio 
collectors). Their technique was based on some field 
experiments in which they broadened the bandwidth of an 
AM transmission to three times the usual 10-kHz 
bandwidth, but with the outer 10 kHz on each side much 

'uts 
reduced in power. Then they crammed a full 20 kHz 
band of audio frequency signals through that channel, 
after first passing the audio program through digitization 
and a "smart" filter to reduce its actual bandwidth. The 
smart filter looked for redundancy in the program 
material and eliminated it, substituting a simple 
instruction on how to restore it if it resulted in audible 
difference, and discard it if it didn't matter, audibly. 

After all, old fashioned AM radio is really inefficient. 
There is a strong carrier, a pure sine wave on the FCC-
assigned frequency. Outside this spectral singularity 
there are sidebands, upper and lower, both representing, 
separately, and redundantly, the program material, 
whether it is music, voice, or whatever. Most of the time 
this sideband energy is very low, since the radio signal is 
not blasting all of the time (not counting that Honda 
behind you). Indeed, a significant part of the time it is 
zero, signifying a pause between words, musical notes, 
etc. Of course, Billy Mays, the Oxyclean guy, doesn't 
know about these pauses. The iBiquity method digitized 
the audio signal stream, and then removed much of this 
redundancy. Originally, iBiquity used a code called PAC 
whose main purpose was to discard any parts of the 
signal that would have resulted in inaudible differences in 
the output, and this was the code approved by the FCC. 
By the time the approval was received, though, iBiquity 
has moved on to a better code which they immediately 
pressed into service. The coded audio, much reduced in 
effective bandwidth, is then used to modulate the AM 
carrier just outside the usual analog AM sidebands, at 
reduced power levels. They left the AM analog 
sidebands largely alone, thus forming what they called 
fully-compatible Hybrid Digital , or HD Radio. 

HD AM radio has some peculiarities. Its narrow-band 
signal portion is AM analog-compatible, meaning that 
ordinary AM radios, even old crystal sets, can receive 
and demodulate the signal. But special HD Radio 
receivers ($ 100-400 bucks) ignore this central spectral 
region, and accept the outer 10-kHz sections of the 
transmitted spectrum, demodulate them, adding back the 
"redundancies," and then send the result to the audio 
amplifier part of the HD radio, to fill the room with 
stereo high-fidelity sound, almost. But there are 
limitations. First, there cannot be an adjacent-channel 
station within hearing range of the HD radio station. For 
this reason, HD radio does not operate at night, when the 
ionosphere allows distant stations' signals to propagate to 
anywhere in the country, almost guaranteeing the 
reception of stations on adjacent channels. HD signals do 
interfere with analog AM receivers that are tuned to 
frequencies that are 10 kHz from the center frequencies 
of HD radio broadcasts. 
Continued on page 15, col. 3 
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(Continued from page 9) 
wideband impulses tend to excite speaker resonances, 
lengthening the apparent sound of the drum hits, just 
as striking a pendulum sets it into continuing oscilla-
tory motion. What the low impedance of the triode 
power amplifier does is absorb, through its tendency 
toward short circuiting (the ultimate low impedance!) 
the speaker terminals, any currents developed in the 
speaker voice coil by its motion through the speaker's 
field magnet. Thus, if a speaker cone is set into oscil-
latory motion at its resonance by the waveform repre-
senting a rim shot, plucked string, or other impulse, 
its oscillatory motion is retarded by opposing currents 
set up in the motion of its voice coil, the currents be-
ing exaggerated by the low impedance to which the 
voice coil is connected.2 

Pentodes, beam-power tubes, and tetrodes, unlike 
triodes, have characteristics that make the current 
conducted through the tube largely independent of 
plate voltage, over much of the total possible plate 
voltage excursions of the tube. The plate current is 
controlled primarily by the grid voltage and the 
(usually relatively constant) screen voltage. Thus, if 
the plate voltage has little effect on the cathode cur-
rent, then there is practically none of the triode's 
negative feedback in the pentode when it is con-
nected to a load resistor. That 6L6 beam-power tet-
rode example given earlier has an internal (plate) re-
sistance of about 25,000 ohms when tetrode-
connected and smaller power tetrodes and pentodes 
have values of up to 100,000 ohms plate resistance. 

The low source impedance represented by triodes as 

power amplifiers (achieved in part through the tri-
ode's natural negative feedback) can be approached 
in tetrodes and pentodes by the use of additional de-
liberate negative feedback. By adding negative volt-
age feedback around the power stage, like I did in 
that old high school project, the internal impedance 
of the output stage is lowered, increasing the damp-
ing action on the speaker cone. That's why pressing 
my finger on the speaker cone had little effect on the 
tube's plate waveform, and on the sound, when the 
feedback loop was closed. We will see a bit later that 
there are two kinds of feedback possible in power 
amplifiers, voltage feedback and current feedback. In 
the former, the voltage produced by the power ampli-
fier, at its plate, is fed back, while in the latter, the 
signal current developed in the power tube is fed 
back, perhaps by sending back the voltage developed 
across its cathode resistor. 

There are other differences between triodes and pentodes 
(or tetrodes), best seen in a graphical comparison, as in 
Fig. 4, adapted from Terman's Electronic and Radio Engi-
neering (4' ed.). These two graphs are for power output 
tubes, where the voltage swing out of the stage is very 
large, approaching the maximum from the stage. Such 
power levels are usually not required on a sustained basis 
(except in the case of that teen-ager in the Honda behind 
you, whose sound system is making your headlights 
flicker), but, instead, for sporadic musical episodes. In 
fact, Terman shows in the left-hand graph, for triodes, the 
input voltage to the tube (the sinusoidal voltage swing in 
grid voltage shown on the bottom of the plot) swings all 
the way past zero volts to the positive-grid region, where 
grid current is drawn. The so-called dynamic characteris-

(Continued on page 12) 
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(Continued from page 11) 
tic in the figure represents the load line along which the 
instantaneous plate current and plate voltage are con-
strained. This line is plotted by transferring values from a 
conventional load line drawn on the tube's plate charac-
teristics, taken from a tube manual. In Fig. 4, the 
straighter the dynamic characteristic line the more linear 
is the amplifier, and the less waveform distortion that will 
result through amplification. 

In the right side of the figure we have the similar plot for 
a typical pentode. Note that there are several somewhat 
curved load lines, some labeled dynamic characteristics, 
and some labeled tube characteristics. Those labeled 
tube characteristics are for the ideal case, and it would 
appear that the pentode can be fairly linear only when the 
plate voltage is quite high (the uppermost curve), and 
when it drives a relatively low load impedance, so that it 
is acting more nearly like a current source. A pentode's 
tendency to operate on the lower curves is caused by de-
manding too great a plate voltage swing, such that the 
plate voltage swings to values well below that of the 
screen. When that happens, a virtual cathode is formed 
near the plate, and much of the current that was destined 
for the plate goes to the screen, instead. This upper re-
gion of the curves must be avoided, if we are to try for 
linear operation. But also note that the "toe" of the 
curves for the pentode all bend markedly down near the 
bottom, where the plate current is very low. This area has 
to be avoided, just like the top of the curves, so that the 
pentode operating region, insofar as grid drive is con-
cerned, is far smaller than that of the triode. Fortunately, 
the efficiency of pentodes is pretty high, so that they can 
still produce high output power at these reduced grid 
drive levels. 

It has to be noted here that negative feedback will not 
help correct nonlinearities in output stages when the 
nonlinearity is caused by overload. If the distortion in an 
output waveshape results from the tube running out of 
available current to the plate (upper region of pentode 
curves), or of plate current cutoff because of a demand 
for a large negative grid voltage excursion, no amount of 
feedback can create more current to fix the flattening 
effect of these conditions. Thus, negative feedback 
should never be relied upon to correct bad engineering, 
and if an amplifier is going to be regularly driven into the 
overload condition, such as might be intended by some 
guitar players, then negative feedback will aggravate an 
already bad situation. Electronic guitar amplifiers ought 
not always be called amplifiers; they are often treated as 
synthesizers, and are being overdriven to create some of 
the harmonics of the natural string vibrations, to get 
sought-after sounds. 

It seems perhaps a bit strange that triode power tubes 
have plate characteristic curves that bend upward, prom-
ising some nonlinearities, and tetrodes have plate charac-

teristic curves that bend downward, also promising 
nonlinearities, but different than those of the triode. 
Many audio engineers in the past wondered why we can't 
make a tube that splits the difference insofar as the curves 
are concerned, thereby getting linear characteristics. A 
power tetrode, a 6L6 for example, has the typical down-
ward-bending plate curves, and when its screen is tied to 
its plate, making it a triode, it has the typical upward-
bending curves. So how about connecting the screen 
almost to the plate, but not quite? Perhaps with the 
screen connected to a point that is halfway between the 
plate's voltage and B+, the tube will have linear plate 
characteristic curves. It turns out that this is on the right 
track, but the right spot is not halfway, for the 6L6, at 
least. We can design an output transformer and tube ar-
rangement like that shown in Fig. 5 and switch the screen 
to various taps, testing for plate curve linearity. We will 
find that the screen needs to be connected to a point that 
is at the 33 percent point between B+ and plate, at least 
for a 325-volt B+ supply. 

This arrangement is called the "Ultralinear" audio ampli-
fier, and some prominent audio transformer manufactur-
ers built special output transformers that had primary taps 
placed at about the right spot for ultralinear operation of 
various tubes. An example is UTC's line of transformers 
and complete amplifiers. These transformers were usu-
ally far more expensive than ordinary untapped-primary 
units, so when I was experimenting with audio power 
amplifiers in the 1950s, I fed the plate voltage back by 
means of a cathode follower, and this circuit allowed me 
to adjust the d-c levels of the screen vis-à-vis the plate, 
thus optimizing the linearity and efficiency. The notion is 
shown in Fig. 6. We will have a good deal more on ul-
tralinears, later in this series. 

Beam Tetrode 

B+ 

Figure 5. A beam tetrode (e.g., 6L6) connected so 
as to adjust its "triode-ness". 

Everything covered thus far has pertained only to single-
ended power amplifiers, and not push-pull amplifiers. Of 
course, all single-ended audio amplifiers operate under 
class A conditions, meaning that the plate current should 
never be cut off. The normal quiescent conditions are 
such that the no-signal-present plate current runs at about 
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half the peak value experienced when the signal reaches 
its maximum instantaneous value. The slight curvature in 
the bottom ends of the dynamic characteristics for both 
triodes and pentodes, even when the pentodes are tailored 
to have the best linearity possible, means that there will 
always be some waveform distortion, on the bottoms of 
the input waveform, down near plate current cutoff. The 
cure for this is simple: don't amplify the grid waveform 
when it goes negative, and threatens to get into the cutoff 
region. "Won't that result in serious distortion," you ask? 
No. All you have to do is make two replicas of the input 

13++ 

Figure 6. The author's " poor-man's" ultralinear 
amplifier connection, using a cathode follower 
to adjust the tetrode's screen voltage ( R2) and 
"triode-ness" (R1). 

waveform, one right side up and one upside down. Then 
drive each through its own power amplifier stage and 
subtract the two outputs. That way, the two amplifiers 
can concentrate on the positive-going parts of the input 
waveforms. (One amplifier is working with the real wave-
form and the other is working on the inverted real wave-
form, so that when this latter amplifier takes in a positive-
going input, it is really the original waveform's negative 
part, that nasty part that would want to drive the first am-
plifier toward cutoff.) Subtracting the two outputs is sim-
pler than you might imagine: we just use an output trans-
former that has a center-tapped primary, and this center 
tap goes to B+, while the ends of the primary go to each 
amplifier tube's plate. 

The two inputs, one normal and the other inverted, can 
come from a similar transformer, whose primary is a sin-
gle winding, and whose secondary is center-tapped. This 
form of amplifier is called push-pull or balanced, and was 
in use as early as 1932 in the RCA R-32 radio, for exam-
ple. But transformers for audio signals are not always the 
best solution, because good transformers are not com-
monplace or easy to build, and poor ones really hurt fidel-

ity. Audio transformers will be thoroughly discussed later 
in this series, but for now, just make note of the fact that 
these transformers have serious low-frequency and high-
frequency problems, and the problems are expensive to fix. 

A better way to get the two balanced, opposing-phase in-
puts needed for a push-pull power amplifier is electronic in 
nature. It uses an adaptation of our old "long-tailed pair," 
discussed much earlier. In the long-tailed pair, the input 
stage fed its companion stage via its cathode, and the input 
stage was a cathode follower. If instead, we make these 
two stages identical, and keep their cathodes connected to 
each other, we can feed the input signal to one of the input 
grids, calling it GI, and feed the other grid, G2, from the 
output of GI's plate, whose signal is inverted, with respect 
to the GI signal. Thus the two grids, GI and G2, are get-
ting opposite-phase signals. But one is much bigger than 
the other, especially if these two stages each have that gain 
we calculated before, 48. So, we can add a voltage divider 
resistor combination that reduces the output of GI's stage 
by a factor of about 48, first. Now OK? 

We now have a circuit like that in Fig. 7. By keeping the 
cathodes interconnected, any imbalance in the outputs will 
be reduced by the larger of the two waveforms appearing at 
the common-cathode connection, tending to restore bal-
ance. The circuit shown in the figure includes the push-pull 
power amplifier, in this case a tetrode pair. The balanced 
input stage is called a paraphase amplifier, and it is used in 
many quality audio amplifiers for producing the balanced 
signals for a push-pull output stage. In the figure, we have 
placed a potentiometer at R1 to select the proper balance 
point for the parasitic half of the amplifier, but that potenti-
ometer can be replaced by two fixed resistors, since, as we 
just described, the paraphase amplifier is largely self-
balancing. 

There are several advantages in using a push-pull amplifier, 
compared with a single-ended amplifier. First, the bias for 
the tubes can be set such that the plate current is nearly cut 
off with no signals present, that is, in the quiescent condi-
tion. This is called Class AB I, and if we increase the nega-
tive grid bias a bit more, so that the plate current is actually 
cut off (just barely) under quiescent conditions, then the 
amplifier is operating Class B. AB1 and B operation is far 
more efficient than Class A operation, since the no-signal 
condition has very little, if any, plate current flowing, and it 
therefore allows far more plate current swing, total, than 
under Class A conditions. Second, the dynamic characteris-
tic curve's nasty bend near cutoff is moot, since neither 
tube has to operate on negative-going input signals, and so 
we have no second-harmonic distortion caused by this cur-
vature in characteristics. Third, the output plate current is 
balanced in the output transformer, eliminating the ten-
dency of this transformer suffering core saturation due to 
the dc flowing in the primary. With no net dc in the pri-
mary, we do not need to provide an air gap in the iron core 
(used to prevent core saturation from the dc that flows in 

(Continued on page 14) 
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Figure 7. Push-pull output amplifier fed by the 
so-called "paraphrase" amplifier that creates a 
balanced output from a single-ended input. 

single-ended transformers), and eliminating the gap re-
duces the leakage inductance of the transformer. For 
now, you will have to believe that leakage inductance is 
not a desirable thing. We will cover it in time. 

Is there any downside to push-pull power amplifiers? 
They do require the extra phase-splitting (paraphase or 
other) stage ahead to drive both inputs, and they do need 
the center-tapped output transformer primary. As to per-
formance, some guitar amplifier aficionados think the 
elimination of second-harmonic distortion is bad, but we 
already classified their amplifiers more as synthesizers 
than amplifiers. And there are others in the audio com-
munity who believe that third-harmonic distortion, which 
can arise in push-pull amplifiers under seriously-over-
driven conditions, is unnatural, often claiming that in 
nature there are no odd harmonics of fundamental sound 
waves, an idea that will surprise clarinet players and or-
ganists. 

So, which are better, triodes or pentodes/tetrodes, as 
power amplifiers? Well, let's look at single-ended ampli-
fiers, first. For natural linearity, triodes win, hands-
down, but for efficiency and "bang for the buck," go for 
beam-power tetrodes or pentodes. And, of course, to get 
both, you can always use tetrodes/pentodes, and then add 
negative feedback, about which we shall have much 
more to say. In push-pull power amplifiers, efficiency is 
already fairly high, so the choice between triodes and 
tetrodes/pentodes boils down to acoustic performance 
and fidelity. Triodes offer better speaker damping, but 
feedback can improve that feature for both types of 
tubes. And triodes can provide better linearity for mild 
overload conditions, such as for momentary or periodic 

bursts in music. We have already noted that the shortage 
of good triode power tubes drives many designers to tet-
rodes/pentodes, but triode-connected. 

End Notes: 
I. An old colleague of mine, Bob Dawson, ran a cottage 
industry in the 1960s, making speaker enclosures, which 
he branded "RKD." These had his own proprietary 
woofers make of a suede leather suspended 12-inch La-
fayette speaker to which Bob had cemented ceramic 
donuts to increase the mass of the cone, down near the 
voice coil. His woofers sported resonant frequencies of 
12 Hz with no other resonant effects below about 3 kHz 
where his crossover networks had already reduced the 
woofer response. 
2. Here's a simple experiment to show how a speaker 
voice coil and cone can be damped by driving it from a 
triode or other low impedance source: Find an old millia-
meter in your junk box, one that still works. Make sure 
nothing is connected to its terminals, and rotate it sharply. 
See how the needle jumps up and then slams down again 
because of its return spring. Now connect a resistor of a 
few ohms, or even a short circuit, like a paper clip, across 
the terminals, from one to the other. Now rotate the case 
sharply, and see that the needle hardly moves at all, 
maybe jumps upward a little and slowly returns. What is 
happening here is exactly what happens with the voice 
coil and cone. As the voice coil moves through the mag-
netic field in which it is immersed, voltages are induced 
in each turn of its wire, and appear across its terminals. 
If the voice coil is connected to a high impedance, like an 
open circuit, the induced voltages will not produce appre-
ciable currents, and the voice coil (and cone) will bounce 
back and forth at the cone resonance. But if the voice 
coil is connected (via its transformer) to a low impedance 
source, the voice coil motion will be damped, because 
now the voltages that are induced in it cause currents to 
flow in it, and these create opposing magnetic fields that 
try to stop the coil's motion. Remember what Sammy 
"The Bull" Graziano said: Mother Nature don't want no 
trouble. 

References, notes: 
[1] Receiving antennas, for example, as transducers con-
verting radiated electromagnetic fields to electrical cur-
rent, have been designed to cover 1000:1 ranges (e.g., 
from 3 MHz to 3000 MHz), but their efficiencies at the 
low end of the spectrum range from 0.001% to 0.01%. 
[2] Terman, F. E, et al., Electronic and Radio Engineer-
ing, 4th ed., chapter 10, McGraw Hill, New York, 1951. 
[3] Arguimbau, L. B., Vacuum Tube Circuits, Chapter 6, 
John Wiley, New York, 1948. 
[4] F. Langford-Smith, Radiotron Designer's Handbook, 
4th Ed., Chapter 12, Amalgamated Wireless Valve Co., 
Pty Ltd., Sydney, 1953. 
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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. 

For Sale: 1941 & 1942 Philco 
escutcheons, knobs, and 
pushbuttons: reproductions now 
available. Other various knobs and 
pushbuttons also available; contact 
us for specific model numbers on 
escutcheons. Old Time 
Replications 5744 Tobias Avenue, 
Van Nuys, CA 91411. Phone 818-
786 - 2500 . Web page: 
www.antiqueradioknobs.com; e-
mail: Oldtimerep@aol.com 

For Sale - Book: Dr Mahlon 
Loomis experimented and 
demonstrated wireless in 1864 in 
northern Virginia by sending radio 
signals 18 miles using a 400-foot 
long-wire antenna, and keying the 
antenna to ground to exploit the 
natural electric field of the earth. 
Loomis received a U.S. patent in 
1872. The book, Mahlon Loomis, 
Inventor of Radio, by Thomas 
Appleby (copyright 1967, 188 
pages) describes this work and the 
materials in the Library of 
Congress. Available for $25 + $5 
s&h (US) [$ 10 Foreign] postpaid to 
Svanholm Research Laboratories, 
P.O. Box 81, Washington, DC 
20004;email: N3RF @earthlink.net 
or call me on 202-352-5252 

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, Tues. thru Sat. 
Phone/fax: 860-928-2628. E-mail: 
bob@ oldradiodoc.com. Visit us on 
the web at www.oldradiodoc.com 
or stop by... when in the New 
England area. 

For Sale: Cleaning out the house 
of a deceased electronic technician. 
Atwater Kent Model 30, AK horn 
speaker, two Emerson 520 Catalins 
(fair condx.), Western Electric 
large cone speaker frame, two tube 
caddies full of radio tubes, many 
pieces of test equipment (modern 
compact B&K scope, new and old 
signal generators, digital freq. 
counter, R-C bridges, etc), boxes 
full of capacitors, resistors, lots of 
small parts, books on solid state 
devices, tools (pliers, screwdrivers, 
soldering irons), cables and clip 
leads, much more. First $300 takes 
it ALL--no cherry picking. Dr. 
Robert Wilson, Gaithersburg, MD, 
301 - 482 - 1982, email: 
r.wilson67@verizon.net. 

Wanted: EH Scott Radios- I am 
looking for EH Scott radios. All 
types, with or without cabinets. I 
will pay top dollar in cash, as well 
as arrange shipping or pick up 
anywhere in the US. I also have a 
large collection of radios for trade 
if you prefer. Thank you for your 

help. Sincerely, Buzz Stone, (615) 
948 - 7353 or email 
buzzprod@hotmail.com 
For Sale: Steinway Capehart 
Model 406N ( 1945); the one and 
only; working; see Antique Radio 
Classified, February 1995, pp.4-6 
for complete story. Pick-up only in 
Chevy Chase, MD; best offer over 
$3000. Gerald Schneider, 3101 
Blueford Rd., Kensington, MD 
20895-2726; 301-929-8593. 

For Sale: 1946 E.H. Scott radio/ 
phono console, Model 800B, in 
very good condition in light wood 
cabinet. Pictures available; best 
offer over $500. Ann Sussman 
(Baltimore vicinity), 410-764-
1183, or e-mail: 
gr8stann@aol.com. 

TIDBITS, continued from p. 10. 

HD radio at FM uses much more 
bandwidth than at AM, and offers 
excellent fidelity, but has the same 
adjacent-channel interference problem 
as at AM. HD Radio at FM cannot 
have locally situated adjacent 
channels, because the HD sidebands 
reach out almost 200 kHz from the 
carrier. Aside from the adjacent-
channel interference problem, both 
AM and FM HD Radio have problems 
with multipath reception and nighttime 
ionospheric propagation problems. We 
worry, though, about the longevity of 
analog AM and FM radio, because if it 
follows the probable course of 
television, after some date, like two or 
three years from now, there will be no 
analog TV, and maybe radio as well. 
The spectrum freed up by this move 
would be "sold" by the FCC, 
pretending to own the spectrum. 
•••• 

Radio Age • January 2007 Radioactivity 2007—June 8-9, 2007! page 15 



MAA-./ZC 1frur Ceten4er 

At all MAARC meetings, fleamarketing starts an hour or so before the meeting start time. 

Sun., Jan . 21 

Sun., Feb. 18 

Sun., Mar. 18 

Sun., Apr. 15 

Sun., May 20 

MAARC meeting at the Davidsonville Recreation Center, 
Davidsonville, MD, on Queen Anne Bridge Road. This road starts 
at Central Avenue (MD 214) near its intersection with 
Davidsonville Rd. 1:30 pm. See map, P.2. 

MAARC meeting at the Davidsonville Recreation Center, 
Davidsonville, MD, on Queen Anne Bridge Road. This road starts 
at Central Avenue (MD 214) near its intersection with 
Davidsonville Rd. 1:30 pm. See map, P.2. 

MAARC meeting at the Davidsonville Recreation Center, 
Davidsonville, MD, on Queen Anne Bridge Road. This road starts 
at Central Avenue (MD 214) near its intersection with 
Davidsonville Rd. 1:30 pm. See map, P.2. 

MAARC meeting in Northern Virginia. At the Sully Station site, as 
usual; watch for the map in a forthcoming issue of Radio Age. 
Flea Market at noon, meeting starts at 1:30 p.m. 

MAARC meeting at the Davidsonville Recreation Center, 
Davidsonville, MD, on Queen Anne Bridge Road. This road starts 
at Central Avenue (MD 214) near its intersection with 
Davidsonville Rd. 1:30 pm. See map, P.2. 

Watch this column for Hamfest schedules, starting in February-March. 

Mid-Atlantic Antique Radio Club 
CIO Paul R. Farmer 
P.O. Box 352 
Washington, VA 22747-0352 
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