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AUDIO UNDER GLASS-12 
CAPACITORS IN AUDIO CIRCUITS 

By Ed Lyon 

audiophiles fussy about components like capacitors? They worry about the makeup of the leads, the 
number of leads, the dielectric used, and the way the capacitor is packaged. The suppliers of high-end audio 
capacitors recognize these worries, and market products that whisk away these concerns. 

I
N electronics, audio circuits have very stringent 
requirements, overall, compared with most of the 
usual radio-frequency circuits. The reason is that 

the frequency range over which the circuit has to 
operate uniformly spans about 3 decades (about one 
thousand to one), from about 20 Hz to about 20,000 
Hz. Hardly any radio circuits have to bridge that 
much frequency territory. Then, to compound the 
difficulties, the range of signal levels needed to be 
passed by audio circuits exceeds 70 or 80 dB — a 
power ratio of 10 or 100 million to one. Of course, in 
radar and television, video circuits carry signals over 
a greater frequency range, but at nowhere near this 
span of signal levels. It's no wonder that audiophiles 
are picky about the components they accept in their 
equipment — at times too picky, but, let us see why. 

In most radio circuits and in all audio circuits, we 
encounter capacitors, or condensers, as old timers 
prefer to call them. These little devices are very 
simple in concept, but not as easy to implement as 
they might seem. A capacitor is simply two 
conductors separated by a non-conductor. The closer 
they are to being in actual contact, and the larger they 
are (in area presented to one another), the greater is 

their capacitance, or in other words, their capability 
for accumulating charges on one of the conductors, in 
response to charge accumulation on the other 
conductor, per unit voltage between the conductors. 

In practice, capacitors are often made of two 
extremely thin metal sheets or foils (the so-called 
"plates") that are separated by a thin film of non-
conductor, or dielectric. Wires are then connected to 
the two foils, and the whole thing is often rolled up to 
form a tubular shape that is held in this shape by an 
outer covering of anything from cardboard to plastic 
to steel. Variations on this basic structure are 
numerous, and we have given nicknames to the 
various capacitor constructions. But the basic 
functional structure is always two conductors 
separated by a dielectric. In modem times, a plastic 
film is often used as the dielectric, and this film 
might be sprayed on both sides with a metal like 
aluminum, yielding a very thin dielectric, and 
microscopically thin metal "plates." This is the 
"metalized film" capacitor. 

Quantitatively, the capacitance of a capacitor is 
(Continueel on page 3) 
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(Continued from page I) 
measured by the area common to the two metal 
conductors divided by the spacing between them. 
This fraction is then multiplied by the dielectric 
constant of the insulating substance separating the 
two. If we measure these functions in English units, 
like inches, then we have square inches (inches x 
inches) of area divided by inches of spacing, resulting 
in capacitance measured in inches. And, indeed, in 
the old days, capacitors were actually rated in such 
terms, but usually in centimeters. Electrical 
engineers, though, prefer to measure capacitance in 
terms that refer to the number of electrical charges 
they can store per volt of electrical "pressure" holding 
the charges on the conductors. Here, they use farads, 
or, more commonly, microfarads (since a one-farad 
capacitor is a bit large for most circuits), these latter 
each being a millionth of a farad in size. 

Electrolytic capacitors consist of a metal container 
(which often forms one of the conductors) that has 
inside it, and insulated from touching it, a metal foil. 
Then a specific solution (the electrolyte) that 
chemically attacks the foil is put inside the container, 
usually in the form of a soaked pad of paper or fabric 
fibers. Then a "polarizing" voltage is applied, with 
the positive terminal of the voltage supply connected 
to this foil. The electrolyte etches the foil and forms 
an oxide layer that is but a few molecules in thickness. 
The oxide layer is a near-perfect dielectric, and stops 
the chemical action by acting as a barrier covering the 
immersed foil. The electrolyte remaining between the 
oxide-coated foil and the outer metal is a good 
conductor of electricity. Voila! What we have here is 
a pair of conductors (the foil and the electrolyte-plus-
outer container) separated by a very thin layer of 
insulating oxide, a classic capacitor. In the 
electrolytic capacitor, it is the thinness of the dielectric 
that most contributes to the high capacitance. But this 
capacitor must be used in circuits that apply a d-c 
voltage to the capacitor, in the same polarity as was 
used to form the oxide layer in the first place. If the 
polarity is reversed, the oxide layer will dissolve and 
the capacitor will conduct a large d-c current, often 
creating enough heat to boil the electrolyte and 
explode the capacitor. 

Old fashioned "paper" capacitors used waxed paper 
for the dielectric and tin foil for the electrical plates or 
conductors. Tin was preferred over aluminum for the 
foil because it could be readily soldered to the 
connecting wires. The waxed paper and foil strips 
were sandwiched together and rolled up to form a 

Figure 1. Inside a mica capacitor. These were 
most popular during the late 30s through 50s, and 
were usually marked with six color-code dots 

tight cylinder, then wrapped in a paper over-wrap and 
the whole thing sealed by wax dip. Variations 
included putting the rolled-up capacitor in a phenolic 
or ceramic tube and sealing it with wax, varnish, or 
resin. Before the second World War, military needs 
called for more stable, ruggedized capacitors, and the 
idea of oil-impregnation of the paper capacitor was 
developed. Here, all air is drawn out of the capacitor 
assembly, and is replaced by a stable oil. The entire 
rolled-up unit was hermetically sealed in a metal tube 
having ceramic or glass ends. These oil-filled 
capacitors are still in use today in military, industrial, 
and certain audio applications, as we will see. 

An old-time favorite construction, when relatively 
low values of capacitance are required, is the "mica 
capacitor." This uses the usual tinfoil for the metallic 
plates, and natural sheet mica as the dielectric. These 

(Continued on page 4) 
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(Continued from page 3) 

are very durable, stable, and rugged capacitors, but 
are not often used in audio circuits except for 
frequency compensation or response-shaping, because 
the capacitance values are relatively small, owing to 
the thickness and relatively low dielectric constant of 
sheet mica. Fig. 1 shows what an old-fashioned mica 
unit looks like, inside. 

Ceramic capacitors employ a thin sheet of a special 
ceramic as the dielectric, having metal plating on each 
side, the plating being of the proper area to yield the 
specified capacitance. The ceramic is often barium 
titanate, a substance having very high dielectric 
constant. Up above, in paragraph four, note that the 
capacitance is proportional to this area measurement, 
multiplied by the dielectric constant. In using barium 
titanate, a relatively high capacitance can be obtained 
in a relatively small area, making this capacitor useful 
where small spaces are available, and a small size is 
needed, electrically. 

"A small size" in this context, means that the 
frequencies of the signals present can be high enough 
that the usual rolled-up foil packaging of a paper 
capacitor might exhibit a noticeable inductance, along 
with the usual capacitance. The circuit designer has 
to reckon on this inductance, and its effect on the 
circuit performance. By using a smaller area for the 
capacitor's conductors, compensated by using a 
ceramic with a higher dielectric constant as the 
capacitor's dielectric, the overall length of the 
conductors can be made much smaller, reducing the 
inductance. Inductance is a property of all 
conductors, and this includes the conductors making 
up capacitors of all types. 

The problem with inductance in a capacitor is that 
when combined with the desired capacitance, the 
whole unit will resonate at some frequency 
determined by the capacitance value and the 
inductance value. In the equivalent circuit shown in 
Fig. 2c, note that the inductance and the intended 
capacitance are connected in series, meaning that the 
unit will form a series resonant circuit, which at the 
resonant frequency looks like a short circuit. That 
part is usually fine, circuit-wise, because the capacitor 
is usually employed to pass a-c signals with little or 
no loss, and a short circuit is certainly relatively loss-
free. The resistors in Fig. 2 show that all the 
conductors in the capacitor are imperfect, and have 
resistance, and the dielectric between the conductors 
is also imperfect, having "leakage" resistance. The 

LEAD INDUCTANCE ( L) 

LEAD RESISTANCE 

LEAD INDUCTANCE (L) 

LEAD RESISTANCE PLUS 
EFFECTIVE FOIL RESISTANCE (r) 

EQUIVALENT PARALLEL 
IDEAL RESISTANCE CORRESPONDING 

CAPACITANCE 
TO CONDUCTANCE (9) 

(C) OF DIELECTRIC 

r b 1 (C) 

Figure 2. Development of the equivalent circuit of 
a practical capacitor, described in the text. 

figure shows the development of the equivalent 
circuit, starting with an unrolled sketch of the 
capacitor (7a), then the schematic equivalent of that 
physical structure as a long string of capacitors with 
their imperfect foil and their imperfect dielectric 
separating the foils (7b), and finally, the equivalent, as 
simply expressed as possible (7c). 

The problem with inductance in the capacitor starts at 
frequencies higher than the series-resonant frequency, 
because at all higher frequencies, the circuit behaves 
like an inductor, not a capacitor. And an inductor has 
an impedance that increases with frequency, whereas 
the capacitor, which is what was designed into the 
circuit at the outset, has an impedance that decreases 
with frequency. Plotted against frequency, the 
impedance of a hypothetical capacitor (with 
inductance) drops to zero at the resonant frequency, 
and then rises with frequency above this resonance. 
In a practical capacitor, though, the "short circuit" 
condition at series resonance is not really zero 
impedance, but, instead, comes down to some 
minimum impedance that is set by the fact that the 
conductors in the capacitor are not perfect conductors. 
This minimum impedance might be frequency 
sensitive, but may, in some capacitor constructions, be 
relatively fixed with frequency. 

The resistance in this instance, is in series with the 
capacitance, in effect. It is caused by the limited 
conductivity of the foil or metallization comprising 
the capacitor "plates." Metallized film capacitors 
have considerably high resistance in the "plates," 
themselves, since they are made of metal only a few 
atoms thick. This equivalent series resistance can be 

(Continued on page 5) 
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(Continued from page 4) 
kept as small as possible by making the rolled-up 
capacitor as short and as fat as possible. But there is 
another kind of resistance in capacitors. This is the 
resistance of the dielectric, itself. This material 
should not conduct current at all in the ideal capacitor, 
so its resistance should be infinite. But it seldom is 
that good an insulator, and in some capacitors, this 
resistance is relatively low. This is equivalent to a 
resistor in parallel with the capacitance. We who 
repair old tube-type radios often see this resistance in 
old paper capacitors used to couple the plate of one 
stage to the grid of the next stage. 

In those old paper capacitors, it was the paper that was 
at fault. It was inexpensive waxed paper, often 
suffering from insufficient washing at the paper mill 
where it was made. As a result, there was often a 
trace of sulfite remaining in the paper, left over from 
the bleach process. As the capacitor aged, and got 
heat-cycled many times, it started absorbing moisture 
from the atmosphere, and this moisture, along with 
the sulfites formed an acid that attacked the foil and 
damaged the paper. The result was "leakage" or 
reduction in the shunt or parallel resistance of the 
capacitor. Modern film capacitors seldom exhibit this 
sort of loss, but and kind of capacitor can show shunt 
resistance due to dirt and grease on the outside of the 
capacitor case. 

So a capacitor has an unwanted inductance and two 
kinds of resistance, making it a complex circuit, as 
seen back in Fig. 2, whereas we have been looking for 
a simple pure capacitance. This opens the market to 
component designers who can minimize the 
inductance and the series resistance for a given 
capacitance value, and that is what we find happening 
in the audio field. The problems, unfortunately, do 
not end with inductance and resistance. Most 
capacitors also have a problem called dielectric 

absorption. 

This is a strange property of many capacitors, and it 
lies entirely in the dielectric that sits between the 
conducting plates or foils. It is best explained by 
examining how a typical capacitor behaves under 
certain circumstances. Take a nice big paper capacitor 
(or, respecting its age, condenser), and connect it 
across a lab power supply that produces, say, 300 
volts. The current drawn by the capacitor will spike 
to a high value for a brief moment, then promptly 
drop to zero, since the capacitor will very quickly 
become charged to 300 volts. Now carefully remove 
the capacitor from the supply, keeping a safe distance 
from its terminals, lest you touch them and get a huge 
shock. The capacitor is still charged to 300 volts. 
This can be confirmed by touching its terminals with a 
really fine vacuum-tube-voltmeter, one that draws 
essentially zero current, so it doesn't discharge the 
capacitor. The voltmeter will read 300 volts. 

Now, take a 100-ohm power resistor and touch it 
across the capacitor's terminals. It will create a spark 
and will discharge the capacitor. Leave it so 
connected for a moment, and then remove it and 
watch the voltmeter, still connected across the 
capacitor. It will slowly rise back up in voltage, 
fmally settling, after some minutes, at perhaps 50 to 
100 volts. Now, where did that voltage come from? 
From the dielectric, that's where. It happens that most 
solid dielectrics, like waxed paper, glass, plastics, 
mica, and ceramic, have a characteristic that is akin 
to stretching when stressed by high voltage. This 
elastic effect is caused by displacement of atoms in 
the crystals making up components of the dielectric 
material. After the stress is relieved, the atoms will 
snap back into their proper places, a few at a time, 
making the dielectric discharge electrons back into the 
negative conductor and take them from the positive 

(Continued on page 6) 

FOR THE RECORD 

The April meeting of the Mid-Atlantic Antique Radio Club was held on the 19th of April, 2009 at the Northern 
Virginia venue. About 45 members attended, to see Willie Sessoms' Show-n-Tell session, and a demonstration 
of Catalin cabinetry by Geoff Shearer, helped by Ed Lyon's demonstration of how Catalin products like the 
Emerson radio of Geoff's were made. Col. Belanger then conducted a spirited auction. Domi Sanchez con-
firmed that the club netted over $675 in this auction, from donations and commissions. 

The May meeting was held at the Davidsonville Recreation Center venue, and about 53 members attended. 
Geoff Shearer entertained the crowd with a showing of the now-available Radio Retailing Magazine for most 
of the issues from 1929 to the WW2 period. Willie conducted a brief Show-n-Tell, and Brian Belanger con-
ducted a good auction, netting about $210. Warren had reported capacitor sales starting to pick up, indicating 
that members are starting to fix things up for RadioActivity next month.. 
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(Continued from page 5) 
conductor. Over time, the capacitor becomes 
recharged, usually to perhaps a quarter to a third of 
the original voltage. 

Well, it isn't really getting recharged; it was never 
fully discharged by the resistor, in the first place, 
and the reason is that disruption of atoms in the 
dielectric. In other words, for many capacitors, it 
takes time to charge them, and it takes time to 
discharge them. This can affect the low frequency 
performance of a capacitor used in certain circuits, 
and it can affect energy-storage applications. Many 
audiophiles, especially those into car stereo, are now 
using capacitors to augment their power supplies' 
capability to deliver huge current spikes. This latter 
use for capacitors takes advantage of the fact that 
greater currents can be obtained from charged 
capacitors than can be obtained from most batteries 
or power supplies. So if an audio amplifier requires 
enormous momentary peak currents to be drawn 
from the power supply, putting a high-capacity 
capacitor across the power supply will let the audio 
amplifier draw the big peaks from the capacitor, 
thus saving the power supply components (and this 
could be the battery in an automobile installation) 
from damage due to high current draw. 

This same application is found in modern hybrid 
cars, as well. When the electric traction motor is 
asked to put out peak horsepower (as in peeling 
rubber) and only the battery is available (such as 
when the gasoline engine has not yet started), a 
large capacitor that is wired across the battery helps 
provide the peak current needed by the motor. 

In other audio applications, dielectric absorption 
manifests itself in another way. A very low 
frequency signal might have its instantaneous 
voltage vary so slowly that the dielectric atom-
displacement can "keep up" with it, and so the 
plates always become fully charged, whereas, at 
very high frequencies, the dielectric never has 
sufficient time to absorb any charge. The result is 
that the effective capacitance is higher at low 
frequencies than it is at high frequencies. This 
might seem to be important in certain frequency-
equalizing circuits that require the use of precision 
capacitance values. Over the complete audio range 
of signal frequencies, though, the effect is small, 
and might make a capacitor change value by a few 
percent over the extremes in frequency (20-20,000 
Hz). And it is effective only when the capacitor is 
actually sinking signal currents, such as in bypass 

service, where the value tolerance is usually non-
critical. It is not a significant problem in modern 
polystyrene capacitors, but can be demonstrated to 
be present in most other types of dielectric. 

Other minor problems also exist in most capacitors, 
such as limited lifetime (often caused by 
deterioration of the dielectric), changes in capacity 
with temperature, voltage, frequency, and age, and 
lifetime limitation caused by humidity, temperature, 
and voltage (and/or current) stress. Certain 
capacitor designs tend to minimize the bad effects 
of voltage stress, current stress, temperature, 
humidity, and age, such as those oil-impregnated 
hermetically-sealed types (made most popular 
during WW2 military applications), and some of the 
newer mylar and polyester dielectric foil capacitors. 
That's the good news. But all these capacitors will 
exhibit some degree of dielectric absorption, that 
characteristic that makes a capacitor require some 
time to charge and discharge. That's the bad news. 
But very few circuit applications of capacitors are 
affected in any way by dielectric absorption. That's 
the good news. Fig. 3 shows a 1950-era chart of 
capacitor types optimized for their uses, none of 
which was affected by dielectric absorption. 

The final bad news is that many modern capacitor 
manufacturers are convincing audiophiles that 
nearly all capacitor applications require values of 
dielectric absorption, inductance, resistance, 
frequency response, and capacity stability that are 
nearly unattainable, except with their specific design 
— and price. This is especially true of capacitors 
used by tube audio circuits, since these are usually 
higher-voltage rated capacitors, relative to those 
used in solid state circuits. Modern audio capacitor 
makers get excited about lead inductance, for 
example, and some have resorted to using doubled 
leads, that is, two wires leading to each of the two 
capacitor "plates." 

Now, if the capacitor construction were a rolled up 
affair, in which access to every wrap of each foil 
was not possible, then the wires leading to the foils 
might, indeed, exhibit higher inductance than the 
foils, themselves. But most foil capacitors use 
"extended foil" construction, so that the entire 
rolled-up edge of each foil is exposed and is 
soldered to the lead-in wire. See Fig. 4, for 
example, which compares two kinds of foil 
capacitors, the hidden-foil type on the left, in which 
the lead-in wires must be inserted in with the foils, 

(Continued on page 7) 
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Figure 3. Chart showing 1950s capacitor applications. 

(Continued from page 6) 

making contact with them at some point in the roll-
up, and the extended-foil type on the right. The audio 
component fellows who offer doubled lead-in wires 
can promise lower lead inductance for the hidden-foil 
type only. 

Another fringe-type effect that can be measured in 
hidden-foil capacitors is the mutual inductance 
among the many wraps of foil as currents flow in the 
foil material. To help direct these currents to be only 
in a direction that is end-to-end along the length of 
the rolled-up foils, at least one manufacturer goes to 
the trouble of slitting the foils. In this process, each 
foil is cut so that there are tiny longitudinal slits in 
the foil, thus breaking up edge-to-edge currents and 
any circular currents (eddy currents). If induced eddy 

currents were a problem in capacitors used 
in audio circuits, they would tend to reduce 
themselves, anyway. That is because any 
circular currents in one foil would induce 
similar (eddy) currents in the other foil, and 
the losses incurred in these latter currents 
would damp the original circular currents. 

A good example of this effect is seen in 
your power company's wattmeter on the 
side of your home. The big aluminum disc 
that rotates in that thing has to do so while 
the disc passes between the poles of a 
powerful permanent magnet. The disc is 
turned by a motor that develops torque 
proportional to the power you consume. 
Without the permanent magnets, the motor 
(and disc) would spin at a tremendous 
speed, because it has very little work to do — 
simply operate the dials that tell the power 
company how much you should pay each 
month. The wattmeter uses a scheme to 
damp the motor rotation so that its speed is 
directly proportional to the power 
consumed. The eddy currents induced in 
the disc by the magnet do just that. These 
currents make the disc tend to stop rotating 

and the eddy currents in one foil of a 
capacitor make any circular currents that 
somehow get started in the other foil try to 
stop circulating, in just the same way. 

The claims made by many who make audio 
capacitors all exploit one or more of the 
capacitor imperfections we have covered in 

this short piece. Next in this series, we will look at 
some of these claims, as found in ads on the world-
wide web. ••• 
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BILL AND JOE-PART 12 
TUNING-4 (INDUCTING) 
BY WALT LINDENBACH 

Inductors Being Inducted 

1...„ AST time, Joe got curious about how much an HV power transformer winding could 
"bite" him when measuring its resistance 

with an ohmmeter. He knew that the ohmmeter 
would apply about 15 mA with a battery of 3 V. Bill 
had said that the inductance would be about 13 H, 
and now, how much "kick" would it give if he was 
touching the connections when the ohmmeter circuit 
was opened. 

"Okay," said Joe, "let's get kickin' --er — crackin'!" 
"Never did see a guy so anxious to get kicked." ex-
claimed Bill. "Hang on, here it is. The HV trans-
former winding and your ohmmeter -- and your fin-
ger -- electrically -- look like this: 

Figure: bhinaiefe.rS, HVtràneoiniér Wiadiags;  

"Now, with a good old-fashioned analog ohmmeter, 
there would be about 15 mA when you short the test 
leads together to 'zero' the meter, and about 7.8 mA 
at half scale if you are measuring 350 ohms, that 
being the resistance of the transformer HV winding. 

"When you have read the resistance, you take the 
ohmmeter leads off the transformer leads, and mo-
mentarily get your finger in the circuit. Now the 
resistance is not 350 ohms, it is about 100 K ohms, 
the resistance of your finger. But remember, the in-
ductance, 13 H in the HV winding, does not want 
the current to change, so it will produce a voltage 
big enough to maintain that current. That's about 
780 V, and that's when you sang out with those col-
orful expressions." 

"Well! That didn't hurt. Why didn't I think of that? 
Just one more thing, Bill. Look at the top of the 
page. It says 'Tuning', which means that Walt -- the 

guy who writes this thing -- wanted us to talk about 
tuning. Now what do FIV windings, ohmmeters and 
fingers have to do with tuning?" 
"Oh," said Bill, "you were listening! That's good. 
Well, the answer to your question is: almost noth-
ing, except that tuned circuits are made of inductors 
and capacitors, and until you know how these parts 
work, tuned circuits will be a mystery. 
"After you let out that very enthusiastic yelp when 
trying to measure the resistance of the HV winding, 
Walt told me it would be best to discuss the behav-
ior of inductors before you did yourself a serious 
mischief. 

"Now, we're going to see a couple of examples of 
how inductance helps in radios, then the current and 
voltage phase relationship in inductors, then we'll 
talk about capacitors, and then we'll get back to tun-
ing. 

"Let's look at the power supply filter in a really 
good old radio." 

Fig. 2: Full-wave, choke-input power supply 

"You don't find filters like that in the ordinary, eve-
ryday, garden-variety, AC/DC, el cheapo radios. 
They use permanent-magnet speakers and don't 
have an electro-dynamic speaker with a field coil 
that needs a current to magnetize the speaker core, 
so there's no 'free' choke. By the way, 'choke' is 
another word for 'inductor' and is applied to filter 
inductors that 'choke out' the alternating current 
component from the rectifier. 

"LC -- inductor-capacitor -- filters -- that's what 
we're looking at in the diagram called Figure 2 -- are 
much more expensive than RC -- resistor-capacitor - 
- filters which is all the little AC/DC radios have. 
And, the LC filter is much better. Let's see why." 
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Voltage 
Rectifier ou/pu/ yollage-,, across 

load 

  c,cris 
Fig_ 3: Fitter input and output voltages 

"The voltage at the rectifier cathodes -- that's the left 
side of the choke -- goes from 0 V to almost the peak 
value of the transformer secondary. The voltage 
across the load -- that's the right side of the choke --
is smooth DC at the average value of the voltage at 
the rectifier cathodes. 
"When the voltage at the rectifier cathodes is higher 
than the load voltage, current in the inductor is from 
left to right -- from the rectifier cathodes to the load. 
Now here's the cute part. When the voltage at the rec-
tifier cathodes is lower than the load voltage, current 
to the inductor is still from left to right! That's be-
cause the inductor does not want the current to 
change. That means that, when the rectifier voltage is 
lower than the load voltage, the load current is being 
supplied by the inductor. Neat, huh?" 

"It sure is!" agreed Joe, "I used to think that the 
choke in a power supply filter just sorta' got in the 
way of the ripple from the rectifiers." 
"As soon as you see how the choke inductor works," 
continued Bill, "it becomes clear why the choke is 
much better than a resistor in the filter. Now let's 
look at what an inductor can do for an amplifier. Here 
is an ordinary RC-coupled voltage amplifier." 

i 
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Fig_ 4: RC-coupled amplifier 

"First, let's talk about how this circuit works. 'Es' is 
the signal voltage and, for the moment, we'll consider 
there is no signal so 'Es' is zero. `Ec' is the negative 
grid bias voltage, and it is set at a value such that ` Ip', 
the no-signal plate current, produces a voltage drop 
across the load resistance greater than the largest am-
plified peak signal voltage. 

"Now we'll turn on 'Es', a sine wave of a peak ampli-
tude equal to the largest signal that is to be amplified 
without distortion. When the signal rises positively, 
the plate current, lb, increases. That means that the 
voltage drop across the load resistance increases and 
the plate voltage, Eb, falls. 

"On the second half of the signal waveform, Es be-
comes more negative, the plate current, Ib, decreases, 
the voltage drop across the load resistance decreases, 
and the plate voltage, Eb, rises. 

"But think what happens if ` Ec' had not been adjusted 
so that ` Ib' was big enough to produce a voltage drop 
across the load resistance larger than the highest peak 
amplified signal voltage. lb, will drop to zero at some 
point on the negative half-wave of the signal, the volt-
age across the load resistance will become zero. Then 
the plate voltage, Eb, will be equal to the plate supply 
voltage, and some part of the positive half of the sine 
wave will be cut off, making frightful distortion. 

"Now let's see what happens if we replace the load 
resistance with an inductor." 

(Continued on page 12) 

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 now a full cloverleaf, with local by-
pass lanes on Rte 28. Map: 
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1. Television without cameras or 
receivers? 
Ever hear of "Remote Viewing?" This 
is a process by which a gifted person 
can see something that is happening far 
away, without the use of television, 
cameras, or any other aids, simply by 
"seeing" the activity in his mind's eye. 
Oh, yes, we used to call radio the 

"theater of the mind," because of a similar 
phenomenon, imagining the scene just by hearing the 
sounds of the scene on radio. In that way, at least, 
radio was better than television, the scenes could be 
as elaborate as one's mind allowed, and these scenes 
could well be prohibitively expensive for the 
television set designer. 

But back to "remote viewing,." said to be like the 
"theater of the mind," but without the sounds or 
descriptions of the scenes. Imagine yourself a top 
CIA spy handler. Your job is to get access to the 
contents of a certain file cabinet in a foreign 
laboratory. Problem is the file cabinet is locked, and 
the country will not allow CIA spies inside its 
borders. So with this problem staring you in the face, 
you are approached by Scientist A, who claims to 
have people working for him who have the uncanny 
ability to "see" things that are going on in 
inaccessible places. Of course you ask for a 
demonstration. On the appointed hour you visit the 
scientist's lab, and there you find he has a fellow 
sitting in a booth with nothing but a drawing paper 
pad, pencil, and desk lamp. This fellow is introduced 
to you as Pat Price, a local policeman, who has the 
ability to perform remote viewing under certain 
circumstances. Scientist A seems to know how to 
attain those circumstances. You and the scientist's 
colleague, Scientist B, get into a car, and travel about 
ten miles out of town onto a back road. By radio, 
Scientist B informs Scientist A that we are ready for 
the demonstration. Scientist A begins to ask Pat Price 
many questions about what scene is before Scientist 
B and the visitor (you). Price draws scenes, and 
writes short descriptions, Scientist A asks you and 
Scientist B to move to a different location and stop 
again in front of a different scene. 

You and Scientist B choose a spot where there is a 
bridge, some power poles and minor substation, and 
some industrial buildings. Again, Scientist A asks 

Price about this scene, and Price draws something on 
the pad, and writes a short description. You and 
Scientist B return to the lab, and look at the drawings 
and descriptions. They are remarkably close to what 
you actually saw out there on the road! You are 
skeptical, and want to remain in the lab while 
Scientist B goes out on the road again to different 
places, to test the remote viewing procedure again. 

The process is repeated, with Scientist B's voice 
coming in over radio, via headphones you and 
Scientist A are wearing, lest Pat Price hear the signals 
and guess where the car location is, from 
environmental sounds or something. Again, Price 
draws scenes in response to Scientist A's questions, 
including a railroad crossing, an industrial plant 
where they apparently make antenna towers, and a 
shopping center parking lot. You want to ask the 
questions, but when you do, Price complains of a 
headache and cannot concentrate, so the session ends 
on a down note. Perhaps your skepticism is palpable. 
You take your leave, but agree to come back again to 
see a more complex demonstration, one that you will 
design, and will spring on the scientists with no 
advance notice, just in case there is some trickery 
here. 

The experiments go on and on, and get mixed results. 
A second "seer" is found, and a third, but their 
performance levels vary all over the lot. Even the 
original remote viewer, Pat Price, fails to perform 
sometimes, and his descriptions are sometimes vague. 
After several sessions, it seems Price has pretty 
accurately described a scene in a foreign country, a 
scene that only you are aware of, and that has been 
carefully kept from him. Some details are wrong 
regarding what you believe to be an underground 
facility, but plenty are right, so you arrange for the 
scientists to get some funding for further research. 

Some three years, and several millions of dollars, 
later your new boss asks for a report of this strange 
project, and when you give it, he cuts off the funding 
and orders the project terminated. Many years later, it 
turns out that there was never any substance to the 
remote viewing phenomenon, and that people like Pat 
Price, Yuri Geller, and others like them, were 
extremely keen in picking up clues from the 
questions, the people asking the questions, and the 
interest the questioners exhibited in the details of the 
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(Continued from page 10) Tidbits 
answers given. This project, and many more, are 
detailed in the paperback, Wizards of Langley, by 
Jeffrey T. Richelson, covering the scientific work 
sponsored by the Science and Technology (S&T) 
division of the CIA, much of which is downright 
brilliant, but some of it is like "remote viewing." 

2. We have all heard of (and some have seen) that 
Catalin radio often attributed to Crosley, Detrola, and 
yet others, but usually nick-named the "split-grille 
Crosley." The arbor (steel mold master for the lead 
molds for this radio's cabinet at the Catalin Corpor-
ation) was used, along with a companion grille arbor, 
to make the cabinets for these radios. The radios, 
themselves, were built by several manufacturers, 
including Crosley of Canada. After the troubled radio 
production, Catalin had Ace Manufacturing rework 
the cabinet arbor to produce the same style cabinet 
with no grille cut-outs. The cabinet front would now 
be essentially solid, except for holes for knob-
operated controls. This new cabinet was not used for 
radios (except by entrepreneurial tinkerers), but 
instead, became the housing for a sunlamp timer/ 
controller by Halliwell. It has been found only in 
mottled red Catalin 

The original split-grille radios have always been 
collectible, especially in some of the unusual colors. 
Breakage is common, since the grille is heavy, and, 
although split in appearance, it is cast in one piece. 
Shrinkage over the years has caused the grille to 
damage the cabinet, or itself, so that perfect examples 
of the radio in Catalin are rare. The same general 
design was also made in Bakelite and Plaskon, 
improving the population of this general style of set. 

Now, someone with some stained-glass working skills 
has made up a colored glass version of the split-grille 
Crosley, and it has appeared on Ebay. It is shown 
here, called by the seller a Detrola: 

BEAMS OF ELECTRONS 
By Ed Lyon 

IN most electron tubes, it is assumed that electrons boil 
off the heated filament or cathode. These electrons 
form a cloud near the cathode, and the negative charge 

of that cloud (owing to all the electrons milling about in it) 
repels newly-released electrons from moving away from 
the cathode. So a stalemate develops, with no net electron 
emission from the cathode, aside from replacing those elec-
trons that crash back into the cathode, since these ones 
leave the scene, reducing the negative charge in the cloud. 

Some portion of this electron cloud could bump into the 
control grid, especially in tubes with close spacing between 
cathode and grid, and if the grid were not electrically well-
anchored to ground, this would charge the grid negatively, 
making it repel further electrons. If, however, the grid had 
a good connection to ground, this connection would carry 
away the electrons captured by the grid, enabling more 
electrons to approach and strike the grid. This grid current 
might heat up the grid, making it tend to emit electrons, 
itself, so that when electrons from the cathode struck the 
grid, it might, in turn, emit several electrons from the spot 
struck. This is classic "secondary emission." 

Secondary emission can be produced from electron bom-
bardment of an electrode that gets hot, or that receives 
high-velocity electrons that kinetically break other elec-
trons free from the bombarded electrode. Thus, electrons 
that strike a highly-positive plate can also produce secon-
dary electron emission, just owing to the kinetic energy of 
the initial electron strikes. In a triode, most of these secon-
dary electrons will return to the plate, since it is the only 
positive thing around, but the cloud of bounced electrons 
can affect the flow from cathode to plate, causing a weird 
sag or kink in the plot of current versus plate voltage. 

But in a tetrode, the problem with secondary emission is 
that the new electrons emitted by an anode (the secondary 
electrons) have to go somewhere, and can return to the 
plate, or can go to the screen grid, especially if the screen 
grid is more positive than the plate. About 20 volts of posi-
tive potential (of the screen with respect to the plate) is all 
it takes to attract all of the secondary electrons. 

What is wrong with secondary electrons? Well, they can 
cause the plate to exhibit a current-versus-voltage charac-
teristic that has negative slope: that is, as the plate becomes 
more positive, the plate current gets smaller, just the oppo-
site from that in an ordinary resistance. So we say the plate 
exhibits negative resistance. If connected to any tuned 
circuit, the circuit will oscillate. In fact, the Echophone 
Model S-5 radio (about 1929) used the secondary emission 
negative-resistance characteristic of a UX224 tube to 
power the radio's local oscillator. When RCA improved 
the UX224 tetrode tube by eliminating most of the secon-
dary emission characteristic, now calling it the 224A, any 

(Continued on page 13) 
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Fig. 5: LC-coupled amplifier 

"Again, the grid bias, Ec, is set so that, at the most 
negative point of the sine wave, the plate current, Ib, 
does not drop to zero. But now, the no-signal plate 
current, Ib, produces almost no voltage drop across 
the choke coil. That's because the DC voltage drop 
is due only to the resistance of the wire in the choke. 

"When the signal voltage, Es, is in the positive half 
of the sine wave, Ib, the plate current rises, produc-
ing the negative half of the output sine wave across 
the choke coil which is coupled to the load resis-
tance. 

"Then the signal voltage, Es, becomes negative in 
the second half of sine wave, reducing the plate cur-

rent, Ib, toward zero. But the choke coil doesn't like 
that -- it does not want the current to change. So it 
supplies current to the load resistance through the 
coupling by increasing the plate voltage above the 
plate voltage supply, completing the positive half of 
the output sine wave. 
"This way, the output signal can be higher without 
distortion and without power loss in the plate load 
resistor -- because the plate load is an inductor, not a 
resistor. By the way, notice that the input signal, 
'Es', and the output signal across the load resistance 
are 180° out of phase. 

"Okay," continued Bill, "now let's talk about the 
phase relationship of the voltage and current in an 
inductor. Huh? What's your trouble?" 

"Bill, look at the time." 

"What ails that clock? I just got started!" 

"Yeah, I know," replied Joe, "just when things are 
getting good. But I have to get home." 

"Yes, yes, you do," sighed Bill, "we'll talk about 
phase next time. Good night." 

"Thanks," said Joe, "Goodnight." 

Diagrams and graphs were prepared using National 
Instrument's program "Multisim". 
Walter Lindenbach can be reached at linden-
bachw@shaw.ca 

MAARC MEMBERSHIP RATES—some changes effective July 1st. 
NOTICE: The MAARC Board of Directors has approved a new schedule of Membership fees that will once 
again leave the annual cost of Membership Dues unchanged at just $20/year for US members and $30/year 
for Canadian members. The fee for all other international members will be increased from $45 to $50/year 
beginning on July 1, 2009. The LIFE Membership fee is increased from $325 to $375 for conversions initi-
ated on or after July 1, 2009. LIFE Membership is available to US Members only. Anyone considering con-
version to LIFE Membership should apply before July 1 to ensure the old rate. The annual membership fee 
for MAARC members with US addresses has not changed in more than 15 years, even though Radio Age 
printing and mailing expenses continue to climb. The cost of printing and mailing Radio Age to US addresses 
is now estimated at more than $20/year. MAARC membership is a great value, for the benefit of Radio Age 
subscription alone. 

In a related decision, the MAARC Board approved an increase in the charge for back issues of Radio Age and 
the MAARC newsletter, from $2.50 per issue to $3.50 per issue, also beginning on July 1, 2009. A new fea-
ture of the revised fee schedule will allow a 10% discount on orders of 12 or more back issues and a discount 
of 15% on orders of 60 or more back issues. 

Questions or comments regarding these changes should be directed to the MAARC Membership Officer or to 
any MAARC Director (see page 2). 
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(Continued from page I I) 
replacement of the original tube with one of the new mod-
els made the local oscillator stop. Echophone revised the 
model soon afterward, adding a standard type 27 oscilla-
tor tube. They retained the 224A as the mixer stage. 

The secondary emission problem of tetrodes was solved 
several ways. In Britain, a third grid was added, between 
the screen and plate, and it was connected to the cathode, 
nominally at ground potential. This created a zone of 
zero volts at this grid location between the screen and 
plate, meaning that the electrons knocked loose from the 
plate could not sense the presence of the screen, it being 
on the other side of this new grid. This grid tended to 
suppress the capture of secondary emission from the plate 
by the screen, and so it was termed a suppressor grid. 
The new tube with three grids was, of course, called a 
pentode, or, in England, a penthode. A series of pentode 
audio output tubes soon hit the European market, and 
several also appeared on the American market. These had 
tetrode-like characteristics, without the negative-
resistance kink in the current-vs.-voltage characteristic. 

The rather rare type 48 output tetrode characterized a dif-
ferent method of reducing secondary emission from the 
plate to screen. The plate was made into a sort-of 
squashed cylinder surrounding the other electrodes, just 
like most all tetrodes, but the inside of this cylinder had 
small fences built into the walls of the plate, and these 
little projecting fences concentrated the electric field, 
curving it in the spaces between the fences. These curves 
in the field tended to make secondary electrons emitted 
from the plate return to the plate by striking the fences. 
Alas, the type 48 was used only in radios made for the 
well-to-do farmer who had a Delco light plant that pro-
duced 32 volts dc for the household. Of course railway 
passenger cars also used 32 volts dc as the source of light-
ing, and a few cars had radios, so that a 32-volt radio 
would work well there, too. The type 48 tetrode used 32 
volts on its heater, and could get by with 32 volts' worth 
of B+, as well. Very few were made, and they are scarce 
today. 

RCA, however, had another idea about how to stop secon-
dary emission from getting away from the plate. Their 
engineers had found that dense electron streams, or 
beams, could be produced by a cathode and control grid, 
plus a screen grid that had its grid wires hidden behind 
the control grid wires. In this way, the screen could ac-
celerate the electrons through the control grid wire inter-
stices without the electrons striking the screen, and 
thereby creating large screen currents. These electron 
beams were found to be robust, and not easily deflected, 
but the control grid, close as it is to the cathode, exerted a 
great influence on the beam density. In cathode-ray 
tubes, for example, robust deflection voltages are needed 
to move the electron beam away from the center of the 
viewing screen, but the control grid can easily shut down 
the beam altogether.. 

The engineers reasoned that if the electrons emitted from 
the cathode could be formed into narrow beams, these 
would strike the plate and sweep forward all secondary 
electrons that the plate might emit. The actual mechanism 
was simple; the oncoming beam of electrons looked like a 
nearby impervious cathode to all the secondary-emission 
electrons broken free from the plate. Thus was developed 
the 6L6 beam-power tetrode. The 6L6, with its glass vari-
ants, more than 70 years after its introduction, remains to 
this day a very well-behaved and popular power output 
tube for audio and RF applications. 

In 1939, Robert Adler, working in the Zenith laboratories 
on methods of simplifying Armstrong's FM system, per-
formed some experiments with amplifier tubes in which the 
electrons were shaped into narrow beams. He found that 
the beam could be effectively squeezed down to vanish-
ingly thin stream by the application of a small negative grid 
voltage, provided the grid was formed into a narrow ring 
through which the beam passed, and the ring was very near 
the beam. He found that making the grid ring voltage only 
slightly negative could utterly stop the beam, so that a 
higher negative voltage on the grid ring was ineffective 
(since the electron beam was already shut down. Then, 
making it only slightly positive (compared with its normal 
quiescent bias) would make the beam fully saturated in 
density, so that further increases in the grid voltage, in the 
positive direction, were also ineffective in changing the 
beam current or density. Moving the grid ring outward 
from the cathode, and closer to the plate made the grid less 
effective in controlling the beam density, unless he placed 
the grid ring beyond the screen grid, in which case, it re-
gained full sensitive control again, and acted much like the 
initial grid ring location, near the cathode. 

This was interesting, because his goal was to make an am-
plifier tube that was self-limiting; that is, it would produce 
the same output amplitude for any input amplitude. The 
reader might recall that Armstrong's FM method required a 
receiver having a limiter stage, so as to make the set insen-
sitive to amplitude modulation or fading. A super-sensitive 
grid ring close to the cathode would do just that in this new 
beam-forming tube. A second control grid ring, way out 
there between screen and plate, could be used for a totally 
new function, because he found that this grid could not 
only control the beam density, but could sense the density 
of the beam passing through it. One reason for this sensi-
tivity was that the beam was slightly defocused by the time 
it got this far from the cathode, and some of the electrons 
in the beam actually struck this second control grid ring. 

By connecting this outer grid ring to a tuned circuit, the 
electron beam passing through the ring could be made to 
cause oscillations in the tuned circuit, if the beam were 
modulated at the frequency at which this tuned circuit was 
resonant. Furthermore, when the electron beam was modu-
lated at a slightly lower frequency than the resonant fre-
quency of the outer ring's tank circuit, the plate current 
dropped, on average, because the oscillations in the tank 
tended to get ahead (leading) the variations in the beam 
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(Continued from page 13) 
density. As one grid was going positive, the other was 
beginning to go negative. On the other hand, when the 
beam was driven at a higher frequency than the tank reso-
nant frequency, the tank oscillations lagged behind, and the 
plate current increased, on average. 

What Adler had made was a combined limiter and FM 
discriminator for an FM receiver that required only one 
tube, and he got some audio amplification as well. The 
grid rings were called beam gates, because of the way they 
acted on the electron beam, and the tube, numbered 6BN6, 
got the name "gated-beam discriminator." General Elec-
tric worked with Adler on many of his FM projects, and 
did the 6BN6 development for him. Later, the 6BN6 be-
came popular in television receivers as a sync separator. 
Handling binary signals was the forte of this beam tube, 
and it was actively considered as a key computer tube, but 
lost out to solid state. 

When I was working in the analog computer field (design-
ing flight simulators for the Armed Forces) one device that 
seemed to be impossible to devise, at reasonable cost, was 
a multiplying circuit. What was needed was a device that 
would yield a voltage that was the product of any two d-c 
input voltages. 

Working with National Union, the tube manufacturer, I 
showed their engineer a possible tube design that I wished 
they might try to perfect. It is shown in rough sketch form 
here. This is just about how crudely I sketched it in 1955 
for the NU engineer. He made many notes regarding volt-
age levels we wanted to work with, linearity constraints, 
noise allowables, and the like, 
and then he went back to his lab 
to do the design. In about two 
months he showed up again, this 
time with eight or ten experi-
mental tubes. We had a number 
of Philbrick tube-type opera-
tional amplifiers in various 
breadboard setups all around the 
lab, and quickly commandeered 
one of the breadboards to try out 
the NU multiplier. The circuit 
we ended up with worked quite 
well. The key was the NU tube, 
a beam tube that had an electron 
beam-forming gun with a con-
trol grid, sort of like that in the 
6BN6, a pair of deflection 
plates, and a J-shaped anode 
plate with a screen grid inside 
the "J." 

The anode was specially made to emit secondary electrons 
on its inside surface (due to a coating of what I believe was 
lead oxide), but was treated to avoid secondary electron 
emission from the outside surface. When the electron 
beam is turned on, through the application of the proper 

grid voltage, half the beam cross-section falls on the left-
most part of the J and half falls on the rightmost part. 
The right part draws cathode current, therefore, but the 
left, coated portion emits two electrons for each cathode 
electron that strikes it. The secondary electrons are at-
tracted to the screen grid. With the beam carefully posi-
tioned in the center, with half hitting each part of the an-
ode, the net anode current is zero. In the multiplier cir-
cuit, then, the anode or plate voltage is the same as B+. 
By deflecting the beam more toward the inside (left) of 
the J than the outside (right), the anode current goes 
negative (and the anode voltage rises above B+), while 
deflections the other way cause the anode to draw more 
cathode current than is emitted secondarily, and the anode 
voltage drops down, as in any well-behaved tetrode. 

One such tube, with its operational amplifiers driving the 
various electrodes, can handle two quadrants of multipli-
cation, and a second tube can handle the other two. The 
complete multiplier will be described in the next part of 
this article, in July. This multiplier relies on the use of a 
beam of electrons, rather than the usual diffuse cloud of 
electrons characterizing most conventional tube circuits. 

Toward the end of the vacuum tube era, when the US was 
moving inexorably toward solid state for all but the most 
powerful transmitter systems, the Soviet Union was still 
developing certain vacuum tubes. It was not a case 
where they just did not have solid state components, but 
they had seen certain advantages in tube technology. 
Their tubes became smaller, as ours had toward the end 
of our tube era (with subminiature tubes, pencil tubes, 

nuvistors, and hearing-aid mi-
cro-tubes), but they had come 
up with novel beam-forming 
methods that made their tubes 
perform extremely well. 
MAARC's Joe Sousa has been 
experimenting with these tubes, 
and has written a nice piece 
describing his work for the Tube 
Collector. Watch for this article, 
due for publication any day 
now. For now, it will suffice to 
say that these tubes use metal 
rods for most electrodes, and 
the cathode emits electrons in s 
sheet that is squeezed between 
pairs of "control grid" rods to 
form tight sheet beams. Just as 
Adler found in the 6BN6, these 
sheet-shaped beams of electrons 
can be easily controlled, and the 

ues, owing to the 
"plate" rod current by the control "grid" rods. 

tubes exhibit very high Gm val-
delicate control over a rather hefty 

Continued in July...+V•4 
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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. 

REPRO Clear Plastic Dial Covers - 
$18.00 ppd - . Free mounting in your 
bezel (add $2.60 for Priority Mail 
return shipping). Send Model number 
and tracing or bezel. Mark 
Palmquist ,Retro Radio Repair, 5033 
Arbor Lane, Lilburn, GA 30047 (770) 
923- 8929 www.jmpalm. 
home.mindspring.com 

SERVICES: Professional 
restorations for all TUBE TYPE 
antique table radios, floor model 
consoles, cathedrals, tombstones, 
battery sets, communication receivers 
and music amplifiers. Complete 
overhauls to factory specifications. 
Lacquer sprayed, hand rubbed cabinet 
refinishing. Reasonable rates. Free 
estimates. UPS/USPS/FEDEX/ 
TRUCK shipments accepted. 4 year 
warranty on new parts. Bob Eslinger/ 
KR1U, ANTIQUE RADIO 
RESTORATION & REPAIR, 20 Gary 
School Road, Pomfret Center, CT 
06259. Hours: 9am-5pm eastern, 
Tuesday thru Saturday. Telephone/fax: 
860 - 928 - 2628 . E-mail: 
bob@oldradiodoc.com. Please visit 
our website www.oldradiodoc.com. 

Free Services: John Okolowicz has 
created a really neat on-line radio 
database. See the web address below. 
You can type in a radio's tube lineup 
and it will spit out all the models with 
that tube lineup. Very handy! The web 
site is: wwvv.grillecloth.com/sylvania/ 
tubelist.php 

Wanted for the Radio & Television 
Museum's shop: photocopy of 
manual (or original) for a Hickok 
Model 121 Cardmatic Tube Tester, 
Version 1. Wanted: Red pilot light 
jewel for Philco 40-201 console. 
The same pilot light cover was 
used in most 1940 Philco consoles. 

Fits into — 1/4-inch hole 
in cabinet. Will pay $5 
for one. 
Brian Belanger (see page 
2 for phone and email). 

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

For Sale: 1980 
Heathkit, completely 
unbuilt in original box 
with manual and all 
documents and parts. 
"The Informer", a 
ultrasonic intrusion 
alarm, model GD-49. 
Bookshelf or table top 
unit, with simulated book 
cover, provides two AC 
outlets for lights or 
alarms when movement 
in an area is detected. 
Can be used as a hands 
free light switch, etc. 
Price: $ 100.00 (only $27 
more than 1980 cost). 
Inquire at 
tcheckster@aol.com. 
Greg Hekel 

RADIOFEST 
July 30-August I, 2009 

Southwest of Chicago, Illinois, USA 
Near 

O'Hare & Midway Airports 

• Largest Radio Show in U.S. 
• Huge Flea Market 
• Educational Programs 
• Two Auctions 
• Rare Equipment Contest 
• Banquet & Entertainment 
• Also Visit Chicago's Museum of Science & Industry. 

Adler Planetarium & Cantigny le Division Museum 

Focus on vintage radio, wireless, television. 
amateur radio, and electrohics history 

Sue www.antique-radios.org 

If you could only attend 

one out-of—state radio 

swap meet, it should be the 

24th annual: 

EXTRA VA '09 
July 9, 10 and 11 

The Michigan Antique Radio Club in 
association with the Tube Collectors 
Association is proud to announce 

this year's theme 

Radio through the Decades 

At the Causeway Bay Hotel in Lansing MI 
formerty the Floklay trth South , 

1-800-333-8123 

For show information and a brochure, contact 
Mark Goodwin 1-734-316-2803 

Email: mrkgoodwin@comcast net 
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MAA./ZC laur Ceten4erf 
Sun., May 17 

Sun., May 24 

June 11-13 

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. Meeting 1:30 pm. 
Tailgating starts at 11:30. See map, P.2. 

Annual Memorial Day Hamfest at the Howard County Fairgrounds, MD. 
Fairgrounds located at MD32 and Interstate 70, near Columbia, MD. 

MAARC annual meet, RadioActivity 2009, at Sheraton Washington 
North (same hotel as usual, just the name changes). See blue insert 
in March or April Radio Age. 

Sun., June 14 Annual Manassas (VA) Hamfest, Prince William County Fairgrounds. 

Sun., July 19 

Sun., Aug. 16 

Sun., Sep. 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. Meeting 1:30 pm. 
Tailgating starts at 11:30. 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. Meeting 1:30 pm. 
Tailgating starts at 11:30. 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. Meeting 1:30 pm. 
Tailgating starts at 11:30. See map, P.2. 

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