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lectrolytic capacitors (or electrolytic condensers, 
as they once were called) have been around for 

decades. Today's electrolytics are smaller and better 
performing than their earlier counterparts. This 
article provides key facts about capacitors in general, 
plus a brief history and useful facts about electrolytic 
capacitors. 

Electrolytics' main claim to fame is that they squeeze 
much more capacitance into a given volume than 
other types of capacitors. However, electrolytics do 
have some disadvantages. One particularly note-
worthy characteristic is that they usually are polar-
ized, that is, the positive lead must be connected to 
the terminal of the capacitor marked plus. 

The word electrolytic implies that the device involves 
an electrolyte. An electrolyte is a liquid that conducts 
electricity via ionic conduction. Early electrolytic 
capacitors were generally "wet" electrolytics, which 
meant that when you shook one, you might hear the 
liquid electrolyte sloshing around inside. Later, "dry" 
electrolytics were developed. More about them later. 

Understanding how electrolytic capacitors work 
requires an understanding of capacitor principles in 

general. For the sake of completeness, let's review 
those basic principles. 

Capacitor Basics 

In radios, capacitors are used for a variety of pur-
poses. Of the four listed below, power supply filtering 
and cathode bypassing (3 and 4) are where 
electrolytics are most often found. 

Cornell-Dubilier's capacitor laboratory, circa 1935. 
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1. Frequency determining capacitors: A capacitor 
in conjunction with a coil (an inductance) makes 
a resonant circuit that can be set to a particular 
frequency, as with the variable capacitance main 
tuning capacitor, or the trimmer capacitors in IF 
transformers, or the capacitor in a wavetrap. 

2. Coupling capacitors: To pass radio or audio 
frequency AC signals while blocking DC. 

3. Bypass capacitors: To shunt unwanted AC signals. 
4. Filter capacitors: To remove the AC component of 

the pulsating direct current coming out of the 
rectifier so as to produce a more pure DC voltage 
for the anodes (plates) of the vacuum tubes. 

Power supply filter capacitors are nearly always 
electrolytics. Another common application of 
electrolytics is for cathode resistor bypass caps for the 
output tube(s). 

The simplest capacitor is two electrically conducting 
parallel plates with an insulating material called the 
dielectric separating the plates. Common dielectric 
materials are air, mica, paper, plastic, and oil. 

If the area of the plates is large compared to their 
separation, the capacitance, C, in picofarads, is given 
by 

C = 0.0885 K A/d (when the dimensions are in 
centimeters) 

or 

C=0.224 K A/ (when the dimensions are in inches) 

A view of Cornell-Dubilier's electrolytic capacitor 
production facility, circa 1935. 

where A is the area of the plates, d is the distance 
separating them, and K is the dielectric constant, a 
property of the particular insulating material used. 

Capacitance increases when: 

• The surface area is increased 
• The separation of the plates is decreased 
• A dielectric material with a higher K value 

(dielectric constant) is used. 

Air has a dielectric constant of 1. Paper is usually 
about 2; mica about 3 to 8. So, more capacitance can 
be achieved in a given amount of space by using an 
insulator such as mica as the dielectric rather than air. 
Some dielectrics have a K value that changes quite a 
bit with frequency and/or with temperature. 

Voltage Breakdown in Capacitors 

If a capacitor must withstand high voltages, its 
dielectric breakdown voltage becomes a critical 
factor. If the plate separation is too small for the 
applied voltage, an arc will puncture the dielectric, 
shorting the capacitor. 

Determining the ability of a given capacitor to 
withstand voltage without breaking down is compli-
cated. Breakdown strength of a dielectric is a 
statistically determined value rather than a precise 
number. It depends on many variables. If a 
breakdown strength test (slowly raising the voltage 
applied to a sample and seeing at what voltage the 
sample breaks down) is performed multiple times, 
there usually will be a spread of values for a given 
batch of insulating material. For a different batch of 
the material, the spread of breakdown strength values 
may be different. (If, during the manufacturing 
process, impurities get into a batch of plastic, that can 
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have a significant effect on the material's breakdown 
voltage.) 

Time under stress is a major factor. A dielectric may 
be able to withstand a voltage approaching its break-
down value for a while, but will eventually fail. If a 
batch of samples is subjected to a voltage near 
breakdown, some samples will break down quickly, 
others may last longer. Plotting the time to failure of a 
batch of samples subjected to a voltage near break-
down often produces what mathematicians call a 
normal curve of distribution, where some samples 
break down fairly quickly, most last for a medium 
length of time, and a few last a long time. 

Temperature is another important determinate of 
capacitor lifetime. The higher the temperature of a 
capacitor, the shorter its lifetime. 

Air variable capacitors tend not to fail if they are 
taken good care of and kept clean and dry. Even if the 
voltage is too high and there is an arc, once the 
voltage is removed, the capacitor may still be fine. If 
a wax paper capacitor shorts because of too high an 
applied voltage, it is usually toast—literally and 
figuratively. Radio restorers have no love for those 
"Black Beauty" plastic-encased capacitors that tend 
to crack and absorb moisture, leading to failure. 
When a high voltage is applied to a dielectric such as 
paper or plastic, tiny partial discharges can occur 
inside the material. That leads to microscopic 
carbonized areas that over a period of time accumu-
late and ultimately lead to voltage breakdown. The 
more the capacitor is used and the higher the voltage 
it sees, the sooner it may fail. 

Breakdown of a dielectric also depends on the shape 
of the conductors. For example, two sharp points 
facing each other will usually show voltage 
breakdown at lower voltages than two spheres 
separated by the same distance and the same 
dielectric. So, if one of the plates of a capacitor has a 
burr on it, the voltage breakdown would likely be less 
than if the plates were smooth. Quality control in 
manufacturing is clearly important. 

Breakdown is affected by the waveform. A dielectric 
will usually display a different breakdown strength 
for impulses (voltage spikes) than for DC voltage or 
steady AC voltages. Given this complexity, insulation 
experts speak in terms of probability. You may hear a 
statement along the lines of, "For this particular 
device design and this particular dielectric material, 

operating at this temperature, with this kind of 
voltage waveform applied, if the device is operated at 
Voltage V, the probability is that X percent of the 
devices will fail within one year, Y percent of those 
remaining will fail within 3 years, and Z percent of 
those still remaining will fail within ten years." 
Taking into account this inevitable variability, the 
recommended maximum voltage stress in volts per 
centimeter for a given dielectric material generally 
includes a large safety factor. Most radio capacitors 
can be subjected to a voltage higher than their rated 
voltage for a short time, but if that overvoltage 
continues too long, the capacitor may fail. 

Characteristics of Electrolytic Capacitors 

Electrolytic capacitors fail much more often than, 
say, mica caps. An electrolytic that opens may cause 
the radio to have hum, but an electrolytic that shorts 
may burn out the power transformer and damage the 
rectifier tube, so operating a radio with a marginal 
filer capacitor is unwise. 

Another factor is dielectric loss. Air variable 
capacitors are essentially lossless, but other types of 
dielectric materials do lead to energy loss, which can 
be represented as a low equivalent series resistance 
or a high equivalent parallel resistance. This loss is 
often frequency dependent and may peak at certain 
frequencies, and it may show temperature depend-
ence. Electrolytic capacitors tend to have higher 
losses than some other types of capacitors, but a bit 
of loss in a power supply filter capacitor does not 
hurt the radio's performance much. 

Of course in any engineering design effort, cost is 
always a key factor. One may discover dielectric 
materials that have high dielectric constants, high 
voltage breakdown strength, long life, and low loss, 
all of which are desirable, but the material may be 
too expensive to use. Anyone designing a capacitor 
must consider multiple tradeoffs based on the 
answers to questions such as: 

• What capacitance value is needed? 
• How physically small must the capacitor be, and 

what shape can it be? 
• What voltages must it withstand, both steady-

state and impulse spikes? 
• To what frequencies of AC signals will it be 

exposed? 
• To what temperatures will it be exposed? 
• How much leakage current or loss is acceptable? 
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• How long must it last and how many failures can 
be tolerated? 

• How much is the buyer willing to pay? 

In addressing these questions for power supply filter 
caps, the conclusion normally is that an electrolytic 
cap meets the requirements (including the critical 
parameter, cost) better than any other type. 

Electrolytic Capacitor History 

The first capacitors were Leyden jars, invented in the 
mid-eighteenth century and used to store static 
electricity. A Leyden jar is nothing more than a glass 
jar with metal foil on the inside and outside of the jar. 
The glass is the dielectric. 

During the le century capacitors were likely to be 
parallel metal plates separated by air, or sometimes 
layers of glass. Early wireless experimenters often 
made their own capacitors of whatever they could 
cobble together, sometimes with alternating sheets of 
glass and metal foil or waxed paper and metal foil. 

During the wireless telegraph era at the onset of the 
20th century, large capacitors were used by communi-
cations firms such the Marconi Company in their 
transmitters, but it was not until entertainment radio 
began around 1920 that a demand began to arise for 
large quantities of small, compact, inexpensive cap-
acitors for home receivers. For example, one often 
finds mica capacitors used in conjunction with grid 
leak resistors in early 1920s radios. Early 1920s 
crystal radios often had a capacitor across the 
headphones to bypass RF. 

The concept of electrolytic capacitors has been 
around for more than a century, but the kinds of 
electrolytic capacitors we find in radios generally 
date from the 1920s. According to Dummer and 
Nordenberg (see Sources) an aluminum electrolytic 
capacitor was developed in Germany around 1880. 
Another source says that the basic principle was 
discovered by Charles Pollak in 1886 while he 
experimented with anodizing aluminum. He got a 
patent for it. Deeley says that wet electrolytics were 
used as motor starting capacitors as early as 1892. 
During the 1920s a number of laboratories were 
investigating electrolytic capacitors and a number of 
patents were issued. One important one was awarded 
to Julius Lilienfeld—patent number 2,013,564. 

When engineers began to design AC-operated radios 
in the late 1920s, a need arose for filter capacitors 
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Two types of mounting for electrolytic capacitor cans. 

with capacitances of several microfarads. At the time 
that was considered a very large capacitance. 
Building a non-electrolytic in that capacity range was 
in principle doable, and a few companies actually 
made radios with non-electrolytic filter caps. Such 
caps are expensive and bulky. 

By the late 1920s, the need to produce compact and 
cheap filter capacitors in the range of 2 to 10 
microfarads was on everyone's radar screen. The 
electrolytic capacitor was the only option that looked 
feasible, and by the mid 1930s, several component 
manufacturers had a booming business producing 
and selling electrolytics. Examples include Cornell-
Dubilier, Mallory, Sprague, Aerovox, and Tobe. 
Today electrolytic capacitors are usually made in 
China, as is the case with most modern electronic 
items. 

CAN 

  covt„ 
ELECTRCLYTE 

ANODE 

EPARATOD_ 

ANODE RISER 
SUODOELT 

TilEADED NECK 

STEM SEAL 

STEM DUSIIING 

SOLDER. LUG 
TERMINAL 

Typical 
construction of 
an aluminum can 
electrolytic 
capacitor of the 
late 1930s. 
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Sealing the top of the capacitor can. A vent is needed 
to release internal pressure build up that could cause 
the case to rupture. 

Two different styles of electrode construction. 

Electrolytic Capacitors -How Do They work? 

Consider two parallel plates of a material such as 
aluminum separated by an electrolyte. There are many 
chemicals that can serve as electrolytes, but early 
electrolytics generally used a solution of boric acid and 
sodium borate. If you connect a DC voltage source to 
the plates, current flows through the electrolyte. 
Oxygen is evolved at the plate connected to the 
positive battery terminal (the anode), which oxidizes 
the aluminum plate. Aluminum oxide has a high 
dielectric constant—roughly 10. Conveniently, the 
aluminum oxide layer also turns out to be good at 
withstanding high voltages without breaking down. Its 
breakdown voltage is about 250 kV/cm. As the thin 
surface oxide layer is formed, the current flow 
gradually decreases to a small leakage value. A 
capacitor has been created. The negative plate plus the 
conducting electrolyte surrounding it constitutes one 
electrode. The plate under the oxide layer is the other 
electrode. Because capacitance is inversely propor-

tional to the electrode separation (which in this case is 
the thickness of the thin oxide layer), the resulting 
capacitance is large. By using other tricks, such as 
embossing the surface of the metal plate, the effective 
surface area can be made larger, further increasing the 
capacitance. The applied voltage forms the dielectric, 
while applying the wrong DC voltage polarity un-
forms the dielectric. An electrolytic capacitor may even 
explode if the wrong polarity of voltage is applied. 

Aluminum is the most common metal found in 
electrolytic capacitors used in radios. Tantalum works 
very well for this application, but is considerably more 
expensive. If the plates are aluminum, one of the plates 
often forms the container in which the capacitor is 
housed. Early Crosley AC sets had copper enclosed 
electrolytics. By the late 1930s some electrolytic 
capacitors came encased in heavy paper or cardboard. 

There are many tradeoffs to be made. Electrolytes have 
a parameter called specific resistivity or "r." If r is 
made large, the breakdown voltage increases, but by 
making r larger, the leakage current increases. The 
earliest patents for electrolytic capacitors have expired, 
but no doubt capacitor manufacturers still have non-
patented trade secrets about things like preparing the 
surface of the plates and electrolyte composition. 

Electrolytic capacitors are aged in the factory to reduce 
the leakage current. After the caps are sealed, a DC 
voltage in excess of the rated voltage is applied and 
maintained until the leakage current reduces to an 
acceptable value. 

Using Electrolytics 

Frequently the negative electrode of a filter capacitor is 
the case, and is connected to the chassis, but not 
always. You will sometimes encounter radios in which 
the positive terminal of the capacitor is connected to 
the chassis. Check the schematic rather than make 
assumptions. 

The dielectric layer in an electrolytic cap does degrade 
with time, and that is why you should never just plug 
in an AC radio that has not been used for a long time 
and turn it on. Doing so risks a voltage breakdown in 
the filter caps. Instead, bring the line voltage up slowly 
on a Variac to allow the dielectric layer in the 
electrolytic capacitors to re-form. Or, better yet, unplug 
the rectifier tube, unsolder any connections to a voltage 
divider or other components, connect a variable DC 
voltage supply directly to the capacitor, and bring up 
the voltage while monitoring the current through it. 
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For re-forming electrolytics, I built a very handy vari-
able voltage DC power supply. It uses a Variac and a 
full-wave solid-state bridge rectifier and filter 
connected to the secondary of a junk box power 
transformer. The supply (built into a wood cabinet) has 
output jacks to which a capacitor can be attached or to 
which clip leads can be attached when re-forming a 
capacitor in a chassis. It has a zero to 20-ma. DC panel 
meter to monitor the current through the capacitor, plus 
a zero to 700-V DC panel meter to monitor the voltage 
across the capacitor. There is also a pushbutton that 
shorts the capacitor through a resistor to discharge it 
when the test has been completed, a pilot light, and an 
off/on switch. 

To re-form an electrolytic: Connect it to the terminals 
and raise the voltage slowly while watching the current 
meter in series with the capacitor. A brand-new 
capacitor will typically display a current that fluctuates 
as the voltage is raised, but usually stays below a few 
milliamps. Increase the voltage to about 10 percent 
higher than the rated voltage, e.g., for a 450-V rated 
cap, increase the voltage to about 500 volts. As the 
voltage is maintained at that level, the current through 
the capacitor should slowly drop to its final leakage 
value. The current through an older capacitor that is 
getting leaky may remain at a higher level. If the final 
equilibrium leakage current is more than a milliamp or 
two, I usually replace the capacitor. Always re-form by 
bringing up the voltage to about ten percent more than 
the voltage rating. If you re-form a 450-volt electro-
lytic at, say, 200 volts, it will then have only a 200-volt 
rating. (You could later re-form it to 450.) 

Capacitance 
in µF 

Rated Voltage (V) Leakage 
Current (ma.) 

2.2 450 0.2 

10 160 0.2 

10 450 0.4 

15 350 0.4 

r 160 0.4 

11 450 0.6 
„ 160 0.4 

47 160 0.5 

47 450 0.9 

75 450 1.1 

10(1 16 0.2 

Aging racks for electrclytic capacitors at Cornell-
Dublier's plant. 

A modern electrolytic capacitor, once its dielectric is re 
-formed, should display a leakage current comparable 
to, or less than the numbers in the table on this page. 

Capacitors from early AC radios probably had higher 
leakages than the numbers shown, although I never had 
an opportunity to test one back in the early 1930s when 
they were relatively new. 

A filter capacitor could have a leakage value higher 
than the numbers shown here and still work fine in a 
home radio, but as the leakage begins to increase, the 
capacitor is showing signs of old age and might be 
more susceptible to voltage breakdown. At some point, 
hum will become noticeable. If an electrolytic is more 
than about 50 years old, I generally replace it even if it 
tests good. I leave the old cans above the chassis for 
appearance, disconnect them, and put the new smaller 
capacitors under the chassis where they do not show. 

Non-Polarized Capacitors 

It is possible to buy non-polarized electrolytics for AC 
applications. These are essentially two electrolytics 
connected in series, anode to anode. The applied AC 
forms the dielectric on one cap on one half-cycle and 
un-forms it on the other cap. On the next cycle, the 
opposite action takes place. 

In non-polarized capacitors, each anode functions 
alternately as an anode when it is positive with respect 
to the common electrolyte, and each anode, when it is 
negative, serves only to make electrical contact with 
the electrolyte. This is not the same as connecting two 
mica or paper capacitors in series and imposing an AC 
voltage across the two of them. In the latter, the total 
potential adds up in series across the two caps, but in 
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the electrolytic case, the potentials across the two caps 
are in opposition. Non-polarized capacitors must be 
aged, too, by applying a DC voltage in one direction to 
form the dielectric layer, and then applying a DC 
voltage in the other direction. 

Early Electrolytic Capacitors 

Early AC radios often used "Mershon" electrolytic 
capacitors. Ralph Mershon was a retired Navy engineer 
who developed this approach. His capacitors resembled 
a familiar wax/paper capacitor. Long strips of alumi-
num foil separated by paper were rolled into a cylinder. 
But instead of impregnating the device with wax, 
which was the common technique at the time, Mershon 
soaked the paper in electrolyte and then sealed the 
assembly into a copper can containing more liquid 
electrolyte. Mershon capacitors tended to be unreliable 
and his company did not survive. 

Early electrolytic capacitors with liquid electrolytes 
tended to leak. You may find an old radio with white 
powder residue around the base of the capacitor can 
due to electrolyte that leaked and evaporated. 

By the 1930s, electrolytic capacitors were usually the 
"dry" type. "Dry" is not quite right, because the 
electrolyte was typically a paste that had some 
moisture content, but at least the cans did not slosh 
when you shook them. Because this electrolyte had 
lower conductivity than the liquids used in earlier caps, 
the construction had to be altered so as to shorten the 
path between the cathode and anode. This was done by 
using a construction not unlike that of the wax/paper 
capacitors (see the figure below) except that the thin 
separator between the two plates was made of a 
material that could be impregnated with an electrolyte 
that would still create a thin oxide layer. 

A few early tantalum electrolytics contained sulfuric 

Construction of a dry electrolytic capacitor. Instead of 
filling the container with liquid electrolyte, a paste is 
spread on the aluminum electrode. 

Detail of dry electrolytic construction. 

Construction detail for an electrolytic with a cardboard 
case. 

acid, so if you disassemble an electrolytic, wear rubber 
gloves just in case, and don't do it on your dining room 
table. Modern electrolytics may contain weak acids. 
The Wikipedia article cited in Sources lists some of the 
chemicals you might find inside a modern electrolytic 
capacitor. 

Because early electrolytic filter capacitors were 
physically large and rather expensive, radio manufac-
turers used the absolute minimum capacity that could 
be tolerated without introducing major hum. The All-
American Mohawk Lyric D had 1.0- and 1.5-µF filter 
caps. The Majestic Model 20 used 1- and 2-1.iF filter 
caps. Prices of electrolytics began to drop as manu-
facturers ramped up to mass production, so before 
long, 10- to 20-µF filter caps dropped in price and thus 
became commonplace. Today when we replace filter 
caps in early radios we generally use larger capacitance 
values than the original values. Of course many of 
those radios used the speaker field coil as a choke in a 
Pi-section filter, so the choke served also to reduce the 
AC ripple for the B+. 

Modern electrolytic capacitors can sit on the shelf 
without deteriorating much longer than earlier ones, 
but still it is a good idea to bring up the DC voltage 
slowly just to check and make sure the capacitor is 
good. I buy all my electrolytics from MAARC. Chris 
Kocsis sells them at each meeting. Of the several 
hundred I have purchased over the past few years, all 
but one tested good. I did find one that had leakage 
current of about 15-20 ma. and I tossed it out. 
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KAM-WRY 

lvi ELKON I 
ABSOLUTELY DRY ELECTROLYTIC CONDENSERS  

Stock 
No. 

X 02775 
X D2776 
XD2777 
X02778 
X D2779 
X 02780 
X D2782 
X D2783 

Cardboard Container 

Single and Dual Sections 

The cardboard box type of dry 
lectrolytic condenser offers the 
maximum mfd. capacity combined 
with minimum size and weight. It 
is also the most economical in cost 
and lends itself most readily to any 
t-sition of mounting. ¡dial for 
replacing blown paper condensers 
by simply slipping in to the original 
containers. D.C. Working Voltage 
-450: Maximum Surge Voltage 
500. 444 xl!e. Shpg. wt. 1 lb. 

Cap'y 
N1fd. 

2 
4 
6 
8 

4-4 
4-8 
6-8 

Dimension Your 
Thickness Cost 

2" 

Tubular Cartridge 
Dry Electrolytic 

Tubular dry elect:. ! y tics com-
pletely sealed by special metal 
taps in each end and impregnated 
with special insulating wax, in-
suring long and satisfactory life. 
Are long: diameter given 
below. Shpg. wt. 1 lb. 

Stork Cap'y D.C. Work 
N. Mid. Volts 

X02786 1.0 450 
XD2787 2.0 450 11, 
X132784 8.0 150 1" 
XD2788 5.0 100 
X D2797 50.0 100 
X 02789 10.0 50 
X 02790 5.0 25 
X02791 10.0 25 
X02792 lo o 100 
XD2793 Y 100 

Your 
Cost 
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$0.39 
.45 
.54 
.57 
.72 
.81 
.87 
.90 

$0.33 
.39 
.45 
.33 
.90 
.39 
.30 
.30 
.42 
.57 

Single. Dual .St Multiple Sections Rectangular Metal Can Type 

Stock 
No. 

XD3031 
XD2750 
XD2752 
XIS2753 
XD2754 

XD2799 
XD3032 
XD3033 
D2755 

XD3034 
XD2795 
XD27S6 
XD2757 
X02759 

Upright 

Metal 

Can Type 

Fur Ili, e . 1 i 
round aluminum 
cans with solder 
lug terminals. All 
negative termin-
als are grounded 
to the container. 
l'an be mounted 
in any position. 
Working voltage 
450 V. D.C.: peak 
500 V. All 4, 
high. Average 
shpg. wt. 2 lbs. 

Cap'y 
Mid. In. 

2 1" 
4 I" 

10 
12 

Your Cost 
Each 

$0.45 
.51 
.63 
.75 
.84 

Dual and Multiple Units 

5-15 
4-4 
8-8 
8-8-8 
4-4-4 
8-8-16 
9-9-18 
8-8-8-8 

9-9-18-18 

1.38 
.78 
.96 

1.62 
1.14 
1.92 
2.25 
2.16 
3.15 

Inverted Can Type 
Similar 1, the above, hut for SIMI 111.1111111,g. 

Provided with lock-washer and nut. Can nega-
tive. All 4 high. 

Stock Cap'y Your Stock Cap•v Your 
No. N1fd. Cost No. N1f11: Ccst 

XD2736 I 50.51 XD2740 12 $0.84 
X D2737 i; .60 X D2741 1-4 -78 
X D2738 s .63 XD2742 4-8 -87 
X02739 .75 X02743 01-6 .90 

Single and Dual Sections 

These single and dual st,-
tion electrolytic condensers 
are housed in rectangular 
metal cans with mounting 
flanges. The ease and 
rapidity with which they 
can be installed makes them 
preferred by servicemen. 
Have solder lug terminals, 
all sections insulated from 
the can. Working voltage 
450 volts D.C.: Peak 500 
volts. All containers 412" 
high. Terminals marked for 
ease of identification. Shpg. 
wt. 3 lbs. 

Stock p 
ltd. 
.1 

4-4 
4-8 
4-4-4 
8-8-8 

X 02882 
XD2883 
X 02884 
XD2761 
X D2763 
X 02765 

Dimensions 
Wide Thick 

s'" 

1" 
1,42" .! à" 
1 " 

V.¡!" 

Cardboard By-pass 
The cardboard By-pass type is to 
provide the serviceman with a dry 
electrolytic condenser smaller in 
size than the paper condensers 
ttriginally used. High capacity units 
ideally suited for by-passing cath-
ode circuits. Size V.xl a ". Shpg. 
wt. 1 lb. 

Your 
Cost 
$0.51 

.63 

.87 

.99 
1.29 
1.62 

D.C. 
Stock Cap'y Work Your 
No. Mfd. Volts Cost 

XD2766 .25 450 $0.30 
XD2767 .50 -150 .33 
X02781 .75 450 .33 
XD2768 1.0 450 .33 
X 02769 2.0 450 .39 
X 02770 4.0 200 .39 
X132771 10.0 100 .42 
X 02772 25.0 50 .48 
X132773 10.0 25 .30 
X 02774 25.0 25 .39 
XD2798 60.0 25 .57 

1930s catalog page, showing prices for electrolytic capacitors. 

The actual capacitance of an electrolytic capacitor may 
vary by as much as 20 percent from the value on its 
label, and its capacitance will often change with time. 

To achieve a higher voltage rating, two electrolytics 
may be connected in series. Twice the voltage rating is 
achieved, but only half the capacity. For example, 
connect two 47-µF, 450-V electrolytics in series and 
the resulting capacitance will be 24 µF, but the voltage 
rating will be 900 volts. It is best to put a high value 
resistor across each series capacitor to equalize the 
voltage. With a 1-Megohm resistor across each 
capacitor, Ohms Law says the leakage through the 
resistor string will be 0.4 ma., which is comparable to 
the leakage through the capacitors, and should, 
therefore, be acceptable. 
Some early radios depended on the filter capacitors to 

bypass RF to ground, but electrolytics often do not 
perform well at radio frequencies. That is why you 
sometimes see perhaps a 0.05 µF paper capacitor 
connected in parallel with a filter capacitor. 

Sources 

Radio Encyclopedia, 2nd Ed., by S. Gernsback, (New 
York: Gernsback Publishing, 1931. 

Paul McKnight Deeley, Electrolytic Capacitors, (S. 
Plainfield, NJ: Cornell-Dubilier Electric Co., 1938). 

G. W. A. Dummer and Harold Nordenberg, Fixed and 
Variable Capacitors, (New York: McGraw-Hill, 1960). 

http://en.wikipedia.org/wiki/Electrolytic_capacitor. 
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114 bits 
Fallfest: MAARC's annual Fallfest on 
October 21 was a great success! The 
weather was superb, the flea market was 
booming (as can be seen from the 
picture below), the auction tables were 
loaded with great items at reasonable 
prices, and the auction room was 
jammed with eager buyers (as the other 
picture shows). If you missed this event, 

you missed a good time. There were quite a few 
unusual items in the auction, such as a rare Fada 
projection television set, a Philco Predicta TV, a 
Majestic grandfather clock radio, a Heathkit 
Williamson amplifier, a National NC- 100 receiver, plus 
lots of vintage communications gear from Hallicrafters 
and others. (Thanks to Domi Sanchez for the photos!) 

The club gained more than $600 in auction 
commissions plus over $500 in proceeds from two 
estate sales. We'll do it again in 2013. MAARC 
your calendar now for Fallfest 2013 on October 
20. 

New board members: It is healthy to have 
turnover in any organization. New board members 
bring fresh ideas. At the September meeting two 
new board members—Joe Meagher and Nestor 
Ramirez—were elected by the members. Thanks 
to Joe and Nestor for their willingness to serve! 
The officers of MAARC work hard to keep the 
club running. Please thank them for their efforts. 

Display Table: Those of you who regularly attend 
MAARC meetings know that at most monthly 

meetings a display table is provided. We specify a 
particular year or topic and encourage members to 
bring along a radio for the display. January is different 
because it is our "Super Show and Tell" where 
members are encouraged to bring along something 
from their collections that is very special or unusual. 
We never know what will turn up, but interesting radio 
items invariably appear. 

Vintage TV Shows: The National Capital Radio & 
Television Museum is showing vintage TV programs 
on restored TV sets every weekend. If you have not 
visited the Museum recently, why not drop in to enjoy 
seeing programs that used to appear on small screen 
black and white TV sets. The Museum website 
(www.ncrtv.org) lists upcoming programs. 
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Can You Trust Your Meter? 
By Brian Belanger 

Before I retired, I worked at the National Institute 
of Standards and Technology, where state-of-the-

art measurement accuracy is a key element of the 
agency's mission. As a result, I am sensitized to the 
need to ensure that instruments have been calibrated 
sufficiently well to meet the requirements of the task 
being undertaken. When fixing old radios, super-high 
accuracy and precision are not required, but if your 
measurements are too far off, you can be led to 
erroneous conclusions. Used test instruments turn up 
often at MAARC auctions. Just because a particular 
meter deflects to within a ballpark figure of what you 
believe the applied voltage is, does not mean that the 
meter is as accurate as its original specifications might 
indicate. 

For radio servicing, if a meter is within a couple of 
percent of the true value, that is usually adequate. Even 
five percent accuracy will suffice most of the time. The 
tolerances of components in old radios tended to be 
broad, often +1- 20 percent, so buying a super-accurate 
measuring instrument cannot be justified. 

For common volt-ohmmeters (VOMs), the accuracy 
achieved can vary appreciably from one range to the 
next, and will vary depending on which end of the 
scale the reading falls on. A reading that may be quite 
close to correct when measured with the needle reading 
close to full scale may be off by quite a bit if the 
reading is taken on a different scale where the needle 
deflection is slight. We all should know that when 
using a VOM to measure voltages in a high impedance 
circuit such as the AVC bus, if the meter is an older 
instrument with a sensitivity of 1,000 ohms per volt, 

I have three VOMs on my workbench: ( left to right) a 
Precision Model 832S, a Radio Shack Model 22-216, 
and a Wavetech Model 16XL. 

the reading will be very different than if the same 
voltage is measured with a high-impedance vacuum-
tube voltmeter or modern FET voltmeter. Most 
schematics from the pre-WWII era state voltages as 
measured with a 1,000-ohms per volt meter. 

In addition to the three volt-ohmmeters pictured on this 
page, I have a box of assorted panel meters. Every now 
and then I do comparisons to see how much variation 
there is. When I service radios, I use DC voltage and 
resistance measurements most often, so those are the 
scales I care most about. My three VOMs are: 

• A Precision Model 832S in a dovetailed wooden 
cabinet, probably from about 1940, and probably a 
1000-ohms per volt type. I purchased it used in 
1955 when I first began tinkering with radios. I 
keep it for nostalgia reasons, not because of its 

accuracy. Sometimes I use it for aligning IF 
transformers, where it does not matter whether the 
readings are accurate, since the adjustment is just 
for the maximum value. 

• A Radio Shack Model 22-216 analog VOM, 
perhaps 20 years old. It has a metered scale and is 
a medium-priced instrument. 

• A Wavetech Model 16XL digital meter, perhaps 
10 years old. Again, a medium-priced instrument. 

My most recent intercomparison tests yielded the 
following data: 

AC Voltage 

Meter 
AC voltage 
Reading 
(volts) 

AC voltage 
Reading 
(volts) 

Panel meter on the 
AC supply 

54 100 

Precision 50 90 

Radio Shack 54 99 

Wavetech 56 101 

At 100 volts the Radio Shack, the panel meter, and the 
Wavetech agree within one percent—good enough! I 

know from experience that the Precision meter tends to 
read voltages low compared to my other meters. 
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Resistance 

Meter 47-12 
resistor 

47-K 
resistor 

2.2 Meg 
resistor 

Precision 42 42 K See note 

Radio Shack 56 51 K 2.3 

Wavetech 49 47 K 2.2 

On the high resistance (megohm) scale the Precision 
meter requires an external battery in series with the 
meter, so I did not bother to hook one up. I know from 
experience that the Precision meter tends to read low 
on resistance as well as on voltage. That meter is now 
more than 70 years old, so it would not be surprising if 
some of the resistors inside have shifted in value. The 
discrepancies between the Radio Shack and Wavetech 
meters are more than a few percent for the lower 
resistance readings, and here I can remind myself that 
the Radio Shack meter tends to read higher on 
resistance readings. When there are discrepancies like 
these, the only way to find the truth is to measure a 
standard resistor that has been calibrated by a reputable 
calibration laboratory—a resistor whose value is 
known to, say, three-digit accuracy. 

DC Voltage 

Meter 
DC 

Voltage 
Reading 

DC 
Voltage 
Reading 

DC 
Voltage 
Reading 

Weston 
panel meter 

100 250 500 

Precision 100 248 490 

Radio Shack 104 250 505 

Wavetech 105 258 511 

Once again, the Precision meter tends to read low 
compared to the others. For DC voltages, the Wavetech 
meter tends to read higher than the Radio Shack meter, 
but those two generally agree within about 3 percent or 
better, which is fine. 

I sometimes need to measure low DC currents, for 
example, when re-forming the dielectric on an 
electrolytic capacitor. As I slowly crank up the voltage, 
I strive to limit the charging current to a few ma., and 
when the dielectric is re-formed on a good electrolytic 
capacitor, the leakage current should not exceed a 
milliamp or so. Neither the Radio Shack meter nor the 

Wavetech meter measures small DC currents well, so I 
use vintage Weston panel meters. I have a couple with 
scales 0 to 1 ma. and some that are 0 to 10 ma. When I 
put these meters in series and run a small current 
through them, in the mid-scale range they usually agree 
to within about 5 percent. But, my old Precision meter 
is way off; its reading is very low. Perhaps its internal 
meter shunt got damaged at some point. 

The bottom line is, that while I have never done a 
serious calibration of these meters with an accurate 
standard, I feel that my Radio Shack and Wavetech 
meters are "good enough" for most radio servicing that 
I do. I recommend that you keep more than one VOM 
in your workshop so that you can do comparisons now 
and then to see how closely they agree. (Of course it is 
possible to own three VOMs and have them all be 
wrong by the same significant amount!) If you have 
only one meter in your shop now and then it would be 
smart to borrow a couple of meters from friends to 
check out how well your VOM agrees with theirs. 

I use my digital meter when I have a batch of resistors 
whose values I need to check. It is quicker and easier 
to read than an analog meter. But for aligning IF 
transformers, an analog meter is clearly the preferred 
instrument. 

Concentrated 
Effort! 

IN specializing on and perfecting con-densers and resistors which have stood 
up under every test made to deter-

mine their worth. the Aerovox Wireless 
Corp. has attained a goal made possible 
only by perfect co-ordination. co-oper-
ation, and concentration of every ele-
ment in an organization devoted exclu-
sively to the production of high quality 
condensers and resistors. 

on. 

The keroros Resealed. Worker is a free 
month!) publication that will keep iou 
abreast oi the ialeit de•elopments 
Radio. A post card will pui ,iou on ihe 

mailing list. rft 
EROVOX 

78 WASHINGTON ST. 

BROOKLYN, N. Y. 
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A Special Offer for MAARC Members 

MAARC members have a one-time opportunity to 
become members of the National Capital Radio & 
Television Museum (NCRTV Museum) for a 
substantial discount! The Museum's annual dues are 
$25 per year. Between now and March 31, MAARC 
members can join the NCRTM for only $20 per year 
for the first year. If you are not already a member, you 
should join, for the reasons noted below. 

The National Capital Radio & Television Museum is a 
spin-off of MAARC. In the early 1990s MAARC's 

board of directors formed a planning committee with 
the goal of creating a museum. The outcome of those 
efforts was the creation of what is now the National 
Capital Radio & Television Museum. MAARC 
members can be proud of what has been accomplished. 
This Museum was recently named "one of the ten best 
museums in the state of Maryland." MAARC has 
supported the Museum ever since it began. MAARC 
has also made generous donations to the Museum on a 
number of occasions. 

The Museum and MAARC have much in common. 
Both organizations encourage interest in the history of 
radio and the preservation of vintage radio gear. 
Because members of either organization would likely 
have an interest in the other, MAARC and the Museum 
are jointly announcing an attractive special limited-
time offer to their members. MAARC is inviting 
Museum members who do not belong to MAARC to 
join MAARC for a discounted rate and the Museum is 
inviting MAARC members who are not Museum 
members to join the Museum for a discounted rate. 
(This applies only to new members, not renewals.) 

The Museum publishes a quarterly journal called Dials 
and Channels. It contains interesting articles about 
radio/TV history as well as about classic radio and 
television programs. If you enjoy reading Radio Age, 
you will probably enjoy reading Dials and Channels. 
Articles in Dials and Channels are often authored by 
the same people who write for Radio Age, e.g., Brian 

Belanger. Topics of articles in recent issues have 
included radio kit building, the history of auto radios, 
the development of FM, and radio/TV pioneer Ernst 
A lexanderson. 

Benefits of being a Museum member, in addition to the 

Dials and Channels subscription include:: 
• A ten-percent discount for purchases in the 

Museum shop 

• Radio repairs by expert museum technicians for 
very reasonable prices 

• Notification about special events, e.g., book 
signings at the Museum, openings of new exhibits, 
lectures about radio/TV history in the area, and an 
evening with the former "Joy Boys of Radio," Ed 
Walker and Willard Scott 

• Access to the Members-Only portion of the 
Museum's website (www.ncrtv.org). 

The Members-Only section of the website constitutes 
an excellent reason to join all by itself. Volunteers have 
digitized early radio literature from the Museum 
library. An extensive library, in PDF format, of early 
radio literature is at your disposal. Examples of items 
currently posted include: 

• A number of 1920s and 1930s era radio magazines 
such as Radio News Radio Broadcast, and Popular 
Radio 

• The first five issues of the rare magazine 
Television, which began in 1928 and contains news 
about developments by people such as John Logie 
Baird 

• A nearly complete many-decades set of the 
Aerovox Research Worker, a newsletter with lots of 
good information for radio technicians 

• Midwest Radio catalogs from 1938, 1947, and 
1950 

• The owner's manual for the E. H. Scott All-Wave 
23 

• Old catalogs, such as a 1930s edition from the 
Radio Trading Company 

• Radio programs in MP3 form that you can listen to 
or download and save, such as the 1940s comedy 
program "Can You Top This?" 

The Museum is an IRS 501(c)(3) organization, so 
members who itemize deductions can take a tax 
deduction for their dues. 

A Museum application blank and return envelope are 
stapled into this issue. You can also join on-line with 
Pay-Pal. Just note that you are joining to take 
advantage of this special offer and that you are a 
MAARC member. 
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IRC VOLUME CONTROL REPLACEMENT MANUAL 

HINTS AND KINKS 
FOR THE SERVICEMAN 

Regardless of the number of radio sets manufactured each year 

there are always far too many "old jalopies" in the field. Every 

serviceman knows that these old sets are headaches and time 

consuming to repair because of the servicing problems and diffi-

culty in obtaining proper replacement parts. 

Here are a few suggestions that have proven helpful in servicing 

these old sets: 

1. Change circuit in order that standard replacement parts 
may be used. 

2. Make mechanical changes so standard replacement parts 
can be used. 

The following methods are recommended only if IRC's regular 

controls will not enable you to make the necessary repairs without 
the suggested change. lithe circuit is changed a record should be 

made and given to the owner for the next serviceman who might 
work on the set. 

With regard to replacement controls, the dual control presents the 

greatest number of problems. Experience has shown, however, that 
a dual control can be satisfactorily replaced with a standard single 

unit if a few simple changes are made in the original circuit. For 
example: 

Dual Control in Screen and Antenna Circuit 

A single control such as the D14-116 can be used in the following 

models if IRC's special control. J-107. is not available: 

General Electric T-41 

Graybar GB-678 

RCA R14, R15, RE17, Radiola 42 6. Radiola 48 

Westinghouse WR-4 

ORIGINAL CIRCUIT 
1st RF 2nd RF 3rd RF 

DI4-116 
LT 10M 

z1-1  

120 
OHM 

CHANGED CIRCUIT 

1st RF 2nd RF 3rd RF 

RT. 

12 M 

10 M 
220 OHM or 12 M 812 BW 

4-

Note: 1. Change 120 ohm resistor in original circuit to 220 ohms to 
get correct bias on 3rd R.F. grid. 

2. Use 270 ohm resistor supplied with control for initial bias on 1st 
R.F. and 2nd R.F. grids. 

Dual Control in Cathode and Antenna Circuit 

A single control such as D14-116 can be used in the following 

models if IRC's special control, J-296, is not available: 

Philco 70, 70A below 822000 

90, 90A ( two 45's) 270. 270A, 370, 

470, 470A, 570 

ORIGINAL CIRCUIT 

CHANGED CIRCUIT 

— D14-116 
LT. 10 M RT. 

24 
RF 

24 
1st DEI. 

5100 
OHMS 

24 
1st 1.F. 

270 OHM 
BW '/2 

220 OHM 
W Va 

Note: 1. Add 220 ohm resistor in place of 225 ohm section of original 
control. 

2. Use 270 ohm resistor supplied with control for initial bias on R.F. 
and 1st 1.F. grids. 

A great many manufacturers use this system of volume control and 
satisfactory replacement can be made in this manner. 

Dual Control with One Section for 

Bass Compensation 

A substitute circuit may be used if IRC's special control, J-823, is 
not available for the following models: 

General Electric A 82, A 86, A 87 

A very satisfactory circuit is one which uses a single control which 

is tapped. The original circuit and the changed circuit are shown 

below. At the same time this change in circut is made the volume 
control can be removed from the diode circuit, as shown, by re-

placing the old volume control with two fixed resistors (BTS. BTA or 

BT2), each having as near one half the value of the volume control 
as prAferred list of resistors will allow. 

ORIGINAl CIRCUIT 

I tie77JNE 

Oetà:C;.. 

CHANGED CIRCUIT 
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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. 

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

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, website: 
http://www.jfradiorepair.com/ 
index.html. 

For Sale: Mid-Atlantic Antique 
Radio Club wristwatch—includes 
name and logo. Only 12 made (early 
1990s). Fine cosmetic and working 
condition. "Lunalite" (plate 612) and 
"Dante" (plate 604) transistor radios 
pictured in Bunis and Breed's 
Collectors' Guide to Novelty Radios. 
Fine cosmetic and working 
condition. Only ones known. 
(Pictures in book are of my sets.) 
Best reasonable offer for any and all. 
Gerald Schneider, 3101 Blueford 
Road, Kensington, MD 20895-2726, 
(301) 929-8593. 

Wanted: Working power 
transformer for Crosley 5M3 radio. 
Will buy junker radio or chassis with 
good transformer. Rod Matzko, 3 
Coloma Court, Sterling Va 20164, 
r2wb@comcast.net. 

If you ever hear complaints that high end radios do not show up 
at MAARC meets, this Sparton Bluebird for sale in the flea 
market at Fallfest is proof that they do. 

For Sale: Antique radio restoration 
and repair business 
http://www.oldradiodoc.com. A 
unique opportunity—America's 
premier shop for a quarter century. 
Enough work to support 3+ 
technicians. Volume of work can be 
ramped up/down to suit your desire. I 
am nearing retirement and wish to 
pass on the business. Training 
available. Business includes two 
interne domains, parts department 
including inventory from the 
acquisition of 27 closed radio shops. 
Thousands of tubes, parts radios, 
escutcheons, dial glass, grille cloth, 
speakers, radio knobs, test 
equipment, complete service 
documentation from all the major 
players. My lead technician (the best 
there is) will seriously consider 
relocation if asked. My large antique 
radio collection can also be a part of 
the package. Price is negotiable. Bob 
Eslinger/KR1U, 20 Gary School Rd., 
Pomfret Center, CT 06259 860-928-
2628 bob@oldradiodoc.com 

Free to a good home: Items must be 
picked up in Fairfax City. Photos 
available via email. RCA cabinet. 
Front and top are hinged. Speaker 
grille wood lattice has a piece 
missing (no speaker). All veneer 
intact, may have housed Radiola 17 
or 18. Will include a Charles 
Freshman Equaphase battery set 
chassis (no tubes), all parts seem to 
be present, but has never been tested. 
1937 Zenith 54-255 console. Power 
selectable between 6 VDC or 110 
VAC. Chassis and speaker are in 
decent shape, but radio has not been 
powered up. Console has moisture 
damage around bottom. David 
Frohman, dfrohman@verizon.net. 
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Mid-Atlantic Antique Radio Club 
do Steve McAllister 

3903 Norwalk Place 
Bowie, MD 20716-1047 
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235 AUTO**SCH 3-DIGIT 220 
Bruce Shetrone 
1600 South Eads Street Aoartment 836S 
ArlInciton VA 22202-2991 

MAARG yot.tr actLevbot Pi r! 
Sun., Dec. 16 

Sun., Jan. 20 

Sun., Feb.17 

Sun., March 17 

MAARC meeting at the Sully Station Community Center, 
Centreville, VA. See map below. Tailgating at 11:30, meeting at 
1:30. Speaker: Paul Bernhardt, on NRL's electronic rail guns. 
Radio display: 1954. 

MAARC meeting at the Davidsonville Family Recreation Center. 
See p. 2 for map and directions. Tailgating at 11:30, meeting at 
1:30. Program: Super Show and Tell. Radio Display: 1955 

MAARC meeting at the Davidsonville Family Recreation Center. 
See p. 2 for map and directions. Tailgating at 11:30, meeting at 
1:30. Speaker: Steve Hansman, the British Vintage Wireless 
Museum. Radio Display: 1956-57. 

MAARC meeting at the 
Davidsonville Family Recreation 
Center. See p. 2 for map and 
directions. Tailgating at 11:30, 
meeting at 1:30. Speaker: To Be 
Determined. Radio Display: 1958-
59. 

(To check on upcoming hamfests, go to www.arrl.org and 
click on hamfests.) 
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