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F ascinating in its simplicity is the manufacture 

of a modern dry electrolytic condenser, that 

“concentrated capacitor” which has, in the past few 

years, taken the radio industry by storm. Walk along 

with me down the production line of a great 

condenser factory, where millions of these units, 

in every conceivable size demanded by the radio 

industry, are manufactured each year; see just 

how they are made. 

 

First of all, let's take a completed dry electro-

lytic condenser apart, to see exactly how it is 

possible to squeeze such a large capacity into such 

a small space. Unroll the contents of the wax-

impregnated paper carton and you will find two 

sheets of aluminum foil, known as plates, which 

are separated by sheets of gauze filled with the 

paste electrolyte. The foil sheets are seldom more 

than a few feet long and six inches wide, whereas 

ordinary types of paper condensers may have 

foil strips hundreds of feet long. 

(Continued on page 3) 

Sightseeing in an 
Electrolytic Condenser Factory 

BY L. J. MARKUS 

The December 2013 Radio Age featured an article about electrolytic capacitors. I subsequently came 

across an article about the Mallory Company’s Indianapolis plant in the October-November 1936 issue of 

National Radio News, a publication for alumni of the Washington, D.C.-based National Radio Institute, the 

nation’s pre-eminent radio correspondence school. Reprinting it here seemed to me a useful follow-up to 

the previous Radio Age story. The original article had no figure captions, so the captions here are mine. 

(Of course capacitors were called “condensers” in 1936.)—Brian Belanger 

Figure 1. Mallory’s forming department. Spools of 
metal foil (foreground) pass through heaters, where 
the technician is checking the temperature. Then 
they enter electrolyte tanks at the rear of the photo. 
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The secret of the high capacity of the electro-

lytic condenser lies in a very thin oxide and gas 

film which is formed electrolytically on one of the 

plates, this film serving as the dielectric of the 

condenser. The capacity of the condenser depends 

upon the thickness of the film and upon the over-

lapping area of the plates; etching the plate with 

acid to produce irregularities in it gives a greater 

surface area exposed to the electrolyte and there-

fore a greater capacity. Only one of the plates, 

the anode, has a dielectric film; the other plate 

is pure aluminum.  

 

Now you are ready to go through the condenser 

plant. The first and perhaps the most important 

department is  that  where the plates  are 

“formed,” or given their layer of dielectric film. The 

metal foil used for the plates comes rolled on 

large wood spools; these strips of foil are pulled 

through the forming tanks, in which voltages of 

various values are applied between the moving foil 

strip and fixed electrodes in the tank. The value 

of voltage applied determines the thickness of the 

film; the lower the voltage the thinner is the film, 

and the higher is the capacity of the finished 

condenser. On the other hand, electrolytic conden-

sers cannot be used at voltages higher than those at 

which they were formed, so units capable of 

resisting high voltages will have thick layers of 

film and lower values of capacity for a given 

plate area. 

 

A typical scene in the forming department appears 

in Figure 1. You can see the spools of foil in the 

foreground, with electric heaters directed on them 

to keep the foil at a constant temperature. The 

forming tanks are in the background. Hoods above 

the tanks carry off fumes released by the hot electro-

(Continued from page 1) 

lyte. The temperature of the forming solution must be 

checked regularly and kept constant. A tempera-

ture check is being made by the man at the left in 

Fig. 1. Once the plates have been formed they must 

be kept perfectly clean; for this reason all 

employees who handle plates wear either rubber or 

cotton gloves. 

 

Figure 2. On this machine the foil plates and gauze 
separators pass through a bath of paste electrolyte 
and are wound into a cylinder. 

Figure 3. Aging racks (left) in which electrolytic 
capacitors are subjected to voltages above their 
forming voltage to ensure that they can withstand 
their operating voltage specification. 
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Dry electrolytics are wound on hand-operated ma-

chines which are so constructed that the foil plates 

and the gauze separators pass through a bath of the 

paste electrolyte. Some of the electrolyte adheres to 

the plates, and a great deal is absorbed by the 

gauze; any excess electrolyte is squeezed out by the 

tension under which the condensers are wound, 

giving a uniform spacing between the plates at all 

points. In Fig. 2 you can see the winding machine 

used for this operation. The different strips are fed 

from separate spools to the mandrel directly in front 

of the operator, on which they are all wound together. 

When higher capacity units are desired, the 

operator simply winds on a few more turns before 

cutting the strips. The ends of the foil strips are 

slit by the machine and brought out to serve as 

terminals for the condenser, or separate terminal 

strips are attached to the plates. After the conden-

sers are formed, they are placed on aging racks like 

those shown in Fig. 3 and subjected to a voltage 

higher than their rated value for a definite period 

of time, to make sure that they are able to meet 

specifications. 

 

Condensers which pass this preliminary aging 

test satisfactorily are given a special heat 

treatment, then placed on the assembly line. 

Here they are sorted according to size and rated 

voltage, flexible wire leads are firmly attached to the 

foil plates, and the units are placed in cardboard or 

aluminum containers. The nimble fingers of trained 

men and women, each trained to do a particular 

part of the assembly job, put the finishing 

touches on the rolled sheets of foil and gauze, 

scrape off the insulation for perhaps half an inch at 

the end of each terminal lead, slip the units into 

cardboard boxes and seal the covers of the boxes. 

When aluminum cans are used as containers, small 

presses clamp the ends of the cans to form a tight 

seal around the insulating disc on which the 

condenser terminals are mounted. The assembly 

room, shown in Fig. 4 is one of the most 

interesting sections of the entire factory. 

 

Electrolytics must be hermetically sealed so no 

moisture can enter or leave the units. We see 

how this is done in another section of the factory. 

The machine which dips the condenser unit in 

paraffin is shown in Fig. 5. To make doubly sure 

that the condensers are perfectly sealed, the 

rolled foil units are sometimes wrapped first in 

aluminum foil or wax paper before being placed 

in the cardboard cartons. Our guide tells us that 

all carton type condensers made in this factory 

have wax-impregnated fiber board containers, since 

their tests proved that wax forms a tighter seal 

than coated types of fiber board having a silver or 

gold finish. 

 

The cartons for condensers are all stamped with 

the size in microfarads and the voltage rating 

beforehand; this procedure has proved far better 

than the use of labels, which sometimes come 

off, leaving the condenser without any marking 

whatsoever. 

Figure 4. The assembly room. Notice how the 
workers are dressed, with men generally wearing 
neckties, and women wearing skirts and blouses or 
dresses. Today this sort of repetitive routine assembly 
would likely be done by robots. 

Figure 5. The machine that hermetically seals 
capacitors by dipping them in paraffin prior to them 
being inserted into cardboard containers. 
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Testing is the final step in the manufacture of 

the dry electrolytics. The finished units move 

before the testers on a circular table or are 

brought to the testers in wood trays like those 

shown in Fig. 6. The tray has a metal lining 

which makes contact to all of the containers, so 

the tester simply has to move his test prod from 

one center terminal of a condenser to another 

while he watches the meters in front of him.  

 

This completes our trip through the dry electro-

lytic section of this condenser factory; I will now 

review the characteristics of these condensers 

briefly. Actually these units are semi-dry, for they 

contain a certain amount of liquid. They are called 

“dry,” however, since they are sealed in airtight 

cartons which prevent any leakage of liquid under 

ordinary conditions. 

 

Dry electrolytics must always be used at voltages 

below those at which they were formed, for otherwise 

they will break down and conduct electricity. Below 

the forming voltage, the resistance of an electrolytic is 

quite high and leakage is sufficiently low that it 

does not affect the performance of the condenser. 

Above the forming voltage, leakage increases 

rapidly and causes the condenser to heat up; 

excess heat causes an increase in power factor, a 

drop in capacity, and possibly breakdown. 

 

The aluminum plate on which the dielectric film 

is formed is known as the anode; this must 

always be connected to a positive terminal in 

the circuit. Connecting a dry electrolytic im

properly does just as much damage as exceeding 

the rated voltage of the condenser. Reversed 

polarity causes a large current to flow through 

the condenser in the reverse direction, de-form

ing or removing the dielectric film. The anode 

lead is always red in color, and the cathode 

lead is black. Where metal containers are used 

the container is always a cathode, and is to be 

connected to a negative point in the circuit. 

Some types of electrolytic condensers have di

electric films on both plates; these are intended 

for intermittent use in AC circuits. Since 

their most common use is in connection with the 

starting of “split-phase” or “condenser-start” 

type motors, these double-formed condensers are 

often called “starting condensers.” 

 

Electrolytic condensers are really highly sensitive 

chemical devices which give excellent service when 

handled properly, but which deteriorate rapidly when 

abused by exposure to excessive heat, by operation 

above rated values, or by careless handling. Always 

mount dry electrolytics as far as possible from any 

radio part which radiates heat. Dry electrolytics 

have no vent through which gas can escape. 

 

Although wet electrolytic condensers have the same 

basic principles as the dry units, they are made in a 

different manner. The anode of a “wet"” unit is a 

sheet of aluminum pressed into a cylindrical or grid 

shape and mounted in an aluminum can which 

serves as container; the anode is insulated from 

the container at all points. The container is filled 

with a liquid electrolyte in the case of the wet unit, 

or with a mixture of the electrolyte and glycerin 

which forms a thick, jelly-like mass and gives an 

almost spill-proof semi-dry electrolytic condenser. 

Both types, however, are provided with a vent which 

allows excess gases to escape. ■ 

Figure 6. Finished capacitors are brought to the testing 
department in wood trays such as the one being examined 
by this worker. Each tray has a metal sheet in its bottom 
that makes contact with the capacitor cases, so the test 
operator need only touch the test prod to the center 
terminal of each capacitor. to carry out the test.  
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My First Radio Restoration: 
A Segue Into a Great Hobby 

By Ira Wexler 
 

[Radio Age has often published articles about restoring particular antique radios. Ira Wexler offered to 

write this article about a Philco restoration, and asked me whether it might be appropriate to include a 

description of how he got started with radio restoration. I encouraged him to include that material. Many 

of us can readily identify with what led him to get hooked on antique radios. Welcome to this unusual fra-

ternity, Ira! – Editor] 

I took the chassis and speaker out of the cabinet, and 

found a piece of sheet metal which I used to make a 

front panel. Then, I added toggle switches for the both 

the plate and filament voltages, just as I had seen in the 

Radio Amateur’s Handbook. (Kindly remember, I’m 

still 12 years old here!) One day, while leaning over the 

radio to get a book, my pen slipped out of my shirt 

pocket into the chassis. In this juncture in the narrative, 

I need to mention I put the plate switch between trans-

former secondary windings and the plate of the 

rectifier, rather than between the center-tap and ground, 

which of course was an incredibly stupid and danger-

ous thing to do. As I reached down to get the pen, my 

fingers brushed against the plate switch terminals, and 

I received a terrible shock. I tried to pull my hand 

Introduction 

I’m not sure of the distribution of experience levels or 

knowledge base of the club members, but my observa-

tions at club meetings and conversations with members 

indicate most members do have experience in radio 

restoration, and many are extremely knowledgeable in 

radio theory, restoration techniques, and collecting. So, 

this article isn’t meant to be a tutorial by any means, 

but a narrative of my initial experiences of a typical 

restoration, describing how I set up a restoration bench, 

how I gathered information, and a walk-through of my 

first restoration. I’m hoping this article may help guide 

some of the less experienced members, as well as 

providing my perspective and experiences (and pos-

sibly a source of amusement) to the more seasoned 

members. 

 

Background Information 

I’m sure people join this hobby for many different 

reasons. For me, I think the seed was planted in 1959 

when I was 12 years old.  My great-grandmother had 

an old Zenith console that had been relegated from her 

parlor to her attic, and it fascinated me to no end. I 

have no idea what model it was; if I had to guess, I’d 

say it was similar to a 6-S-254. Seeing my interest in 

the radio, she eventually gave it to me. Concurrently, I 

was developing an interest in ham radio, and found I 

could hear hams on the AM portion of the 40-meter 

band. My dad had a friend whose brother was a ham, 

and after seeing an amateur radio station, as well as a 

real ham in action, this became a passion for me. I 

would pore through the Radio Amateur’s Handbook 

from the library, intrigued by (but not fully under-

standing at that age) terms like “dummy load,” “plate 

current,” “grid bias,” and others. From this, I decided 

to turn the Zenith console into a “ham receiver” based 

on my early interpretations (and as it turns out, 

misunderstandings) of what I was reading and seeing. 

 
Ira working on a Philco 42-340 chassis. 
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away, and while still “stuck” to the transformer’s 

secondary wire, actually lifted the chassis off the desk 

until the weight of chassis finally broke the connection. 

 

This sobering experience gave me an instant respect 

for electricity. I mention this for the sake of any 

beginners in this hobby (especially younger ones), to 

remind you that older radios contain lethal and 

dangerous voltages not found in most of today’s audio 

devices and computers. You can stick your hand inside 

a computer chassis, and unless you open the switching 

power supply, you’re likely not going to get electro-

cuted. (But if your computer has an exposed fan, you 

could damage your finger, so don’t do this anyway.) 

 

At any rate, this “souped-up” Zenith served as my 

SWL (short wave listener) receiver until I was able to 

get a real ham receiver. However, through the years, I 

really didn’t pay that much attention to older radios, 

but as I approached the 60s (my 60s, not the 1960s) a 

wave of nostalgia approached, and my interest waxed 

again. I decided I wanted a console radio from the 40s. 

Through some media mechanism or web link that I 

can’t remember, I heard about, and subsequently 

attended, last year’s MAARC Fallfest, and at the 

auction picked up a Philco 42-380. The idea of 

bringing one of these 70-year-old radios back to life 

was extremely appealing. I joined MAARC, and thus it 

began. If I had to characterize myself in the hobby 

now, I’d say I’m a “sage-stage collector” as described 

by Geoff Shearer in his interview article in the June 

2014 issue of Radio Age. 

 

Biographical Information: 

I came into the hobby with a head start, so to speak. I 

was one of the nerdy science kids in junior high school, 

and in my early teens, I became a ham radio operator 

[K3PAK]. My equipment then was all tube-based. In 

our junior high school radio club, we built a modulator 

for our World Radio Labs Globe Chief transmitter. I 

also scratch built an electronic (two 12AU7s) keyer 

and T/R switch/preamp, both described in the 1964 

Radio Amateur’s Handbook. So by then, I could read 

schematics, solder, use test equipment, and had a 

rudimentary understanding of radio theory. 

 

When I entered college in 1966, tube theory was still 

being taught, in addition to solid state devices, and I 

became more intimately familiar then with tube 

amplifiers, oscillators, load lines, the AA5 superhet, 

and the like. After college, I started my career in 

electronics, while teaching evening courses in 

electronics at Community College of Baltimore. I 

decided to start working as an electronics technician, 

because I wanted first the hands-on experience in 

building, testing, trouble-shooting, and occasionally re-

designing, before doing “real” engineering. Later on, I 

started doing actual R&D electrical engineering work, 

introducing microprocessors to the pollution control 

industry, and then subsequently moved to a medical 

device company. I finally retired in January of this 

year.  

 

Along the way in the early 80s, I started collecting and 

restoring electromechanical pinball machines. I 

mention this because this hobby has a similarity to 

radio restoration, in that there are two aspects of the 

restoration, i.e., the cosmetic restoration and the 

functionality restoration. The outcome is that over the 

years I established a workshop and bench for pinball 

restoration, which would also form part of the core for 

a radio restoration bench. In addition, I found that the 

Here’s the restored Philco 42-380 occupying a 
proud place in Ira’s home. Listening to 1940s 
radio broadcasts on it makes all that work 
worthwhile. 
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eous equipment including a couple of Variacs I use to 

test 25-V and 50-V pinball relays and solenoids. 

 

One critical piece of equipment I didn’t have was an 

RF signal generator. I decided to buy a new one, and 

settled in on the Tenma 72-585, from MCM 

Electronics, which is the same as the B&K 2005B, but 

considerably less expensive. I also picked up an old 

Heathkit capacitor tester, Model IT-28, on eBay, since 

a multi-meter can’t effectively test capacitors for 

leakage at real operating voltages. Since I planned to 

be doing restorations for a while, I decided to get a 

tube tester as well. I got a great buy on a Hickok 600A 

on eBay, which so far has met my needs. 

 

I also had a Simpson 260 and an old RCA VTVM, to 

augment my Fluke multi-meter, especially for meas-

urements during alignment procedures. (For my first 

two radio restorations, the signal generator, multi-

meter, and tube tester were the only instruments I 

really needed; the other equipment was nice to have 

around, just in case.) 

 

For replacement parts, I already had a couple of metal 

and carbon film resistor kits, as well as a full 

assortment of carbon composition resistors. I picked up 

network of internet resources, user groups, forums, and 

clubs exist in that hobby as well, as do the various 

sources of literature, schematics, and reproduction and 

NOS parts. Please feel free to visit my pinball/bio site 

at http://www.pinballwex.com for a look at my collec-

tion, and additional biographic information. 

 

Preparing for the Radio Restoration 

Once again, I had a good head start. In addition to the 

pinball restoration bench, I had a small electronics lab. 

One interesting project was embedding a microcontrol-

ler and interface circuitry into the “head” of a pinball 

machine to turn the score reels into a functional clock, 

as described in my website. 

 

For tools, I already had almost everything I needed, 

including soldering and de-soldering equipment, hand 

tools related to electrical/electronic assembly, as well 

as wood refinishing supplies. I didn’t have any align-

ment tools for IF transformers, coil slugs, and 

trimmers, so I purchased a nice set at 

http://www.morsex.com/tools/index.htm#alignset 

 

For instrumentation, I already had a good multi-meter, 

a decent scope, an impedance bridge, a frequency 

counter, audio/function generator, and other miscellan-

Ira’s well-equipped workbench has all the tools he 
needs to repair radios. Ira also has a fine collection of test equipment. 
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the latter at a hamfest years ago. This was a NOS kit 

(I’m guessing 1960 or so) by Stackpole, in a nice 

display case designed for a radio technician in that time 

frame. However, carbon comp resistors don’t improve 

with age, and some sample measurements confirmed 

that they all drifted upwards to 5-15% of their nominal 

values in the last 50 years. 

 

I had only a few capacitors in the higher voltage range 

appropriate for either AC/DC or AC powered radios, so 

I decided to get an assortment of both electrolytic and 

polyester film caps, as well as silver micas. I could 

have bought these on an “as needed” basis, from the 

club, but I felt more comfortable with a whole 

assortment. I chose the dealer Just Radios as a source 

for these; they offer several different kits to meet just 

about any need, and their service was very good. 

 

Other helpful items were a few cans of Dust-Off, 

contact cleaner spray, De-Oxit, and various cleaners 

and polishes.  

 

Information gathering 

Since I had never restored an older radio, I wanted to 

read up on current restoration techniques and 

processes. Of course, the Internet is a valuable source 

of information, but sometimes I really prefer a book to 

hold and read. There are many more than the three I list 

below, of course. 

 

I first obtained a copy of Antique Radio Repair by 

Alfred Corbin. There’s a lot of very good information 

in this book, but (in my opinion), some of it is 

presented in a hodge-podge way, rather than in a 

logical sequence. The book seems to emphasize repair 

rather than restoration, which explains the statement 

“total recapping should not be performed until the set 

is brought up to working order.” From a restoration 

aspect I think it’s prudent to just go ahead and replace 

all of the paper and electrolytic caps, especially for a 

70-year-old radio. For the Philco 42-380, as an ex-

ample, I would have spent a lot of time trouble-

shooting, only to find out that 6 of the 11 electrolytic 

and paper capacitors were bad (open or leaky), and 

needed to be replaced anyway. And, I felt that 

replacing all of them would add to the future reliability 

of the radio. He also states, “When an AC voltage...is 

applied across a cap, a current will flow through the 

cap.” That’s really not true, and it’s one of the most 

common misconceptions I’ve encountered throughout 

my career as an instructor, or as an engineer in the 

industry. In an AC circuit, current will flow into a 

capacitor’s terminal, and will flow out of a capacitor’s 

terminal, but unless the capacitor is bad the current 

doesn’t flow through the capacitor (other than any 

leakage current). In summary, other than the items 

above, there’s a lot of very good information here for 

the radio repairer/restorer, and it’s a good book worth 

owning; I just think the order of information could be 

better organized, and an index would help greatly. 

 

I also found a used copy of Old Time Radios, 

Restoration and Repair by Joseph Carr. This book was 

organized more systematically, and the information is 

presented in a more logical order. However, a 

discussion of resonant circuits and tuners came before 

the chapter on capacitors, which I thought didn’t make 

sense. The troubleshooting section was well done, and 

Mr. Carr gets it right about capacitors, using the 

excellent water and rubber diaphragm analogy. And, an 

entire chapter is devoted to safety on the workbench. 

However, even though “restoration” is in the title, there 

is no mention of recapping at all, so the reader is left to 

make that decision based on troubleshooting the radio.  

 

And lastly, in a used bookstore, I found a copy of 

Radio Servicing – Theory and Practice, by Abraham 

Marcus. This book was published in 1948, so 

“restoration,” per se, isn’t really covered. However, 

radio theory starting with electricity and atomic 

structure, all the way through to modern (in 1948) 

radio operation is covered in detail. Service notes are 

presented at the end of various chapters dealing with 

the subject matter contained (e.g., oscillators, rectifiers, 

amplifiers, etc.). The last three chapters are devoted to 

servicing and repair techniques of the whole radio. I 

would recommend this book to anyone who really 

This Stackpole resistor kit makes it easy to locate 
replacement resistors, however, like all carbon 
resistors, they increase in value over time, and 
so it is important to measure the actual value of 
each one rather than rely on its color code. 
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wants to learn the in-depth theory behind radio 

operation, presented in a detailed, comprehensive 

manner. Marcus has authored or co-authored a number 

of other books; these are probably worth a look as well. 

 

Another source of information is old radio magazines, 

e.g., Radio News, Radio Craft, etc., available at 

hamfests, flea markets, and of course at MAARC 

auctions, the latter at very good prices. These provide 

interesting news of that period, troubleshooting tech-

niques and tips, as well as some behind the scenes 

stories of interest for that time period. For example, in 

a 1948 issue of Radio News, I found an article which 

described how the Rider company would purchase 

radios, and test and reverse engineer them to produce 

the well-known Rider documentation. Similar literature 

can be found at http://www.oldradioparts.com/pg3.htm, 

in addition to many old radio parts. And, if you are 

ever in York, PA, stop in at the York Emporium, a 

gigantic used book store from days of old, where you 

might stumble upon anything. 

 

Naturally, the Internet is a vast source of information 

as well. I’ve always had good luck with specialized 

forums, so I joined MAARC’s forum, as well as the 

Philco Phorum for information, and answers to 

potential questions. One site I highly recommend is 

Fun With Tubes. There’s a wealth of information here 

about tubes, radio theory, and related topics, including 

a worth-reading description of ground, presented by a 

very knowledgeable individual. 

 

And now….the restoration 

The goal of this restoration was to bring the radio back 

to its original functional condition, and relatively close 

to its original cosmetic condition. I had no intention of 

stripping the chassis bare and re-plating it, nor stuffing 

new caps into older cap bodies, but I wanted to 

maintain as much of the original as I could. I did do a 

little cosmetic customization as noted in the cabinet 

restoration section, but other than that, nothing to 

detract from the original appearance of the set. 

 

The subject radio is a Philco 42-380, that I got at a 

MAARC auction. The cabinet was in very good 

condition, and the radio appeared to be complete. I 

noted that the grille cloth was a little ratty, so I bought 

of piece of chevron patterned cloth, which I thought 

would improve the overall appearance. In addition, I 

bought a set of Philco decals and reproduction push 

buttons because the originals weren’t in great 

condition. And, as luck would have it, I stumbled upon 

an unused set of station tab labels on eBay for a 

remarkable price. I later found out that a PDF file of 

these tabs is available on the Philco Phorum, if you do 

need them. 

 

To assess its electrical/electronic condition, I slowly 

brought the radio up to its operating voltage with a 

Variac. No flames, sparks, arcing, red hot tube plates, 

or smoke—a good sign. I did hear a persistent 120-Hz 

hum, indicating that the filter caps were gone. Under 

that, some squeals and static were present. Tuning the 

radio produced quite a bit of crackling, apparently due 

to the dust in the tuning capacitor. I noted that the 

volume control would have to be cleaned, as well. 

However, nothing catastrophic was apparent. 

 

I took the radio chassis out of the cabinet, and decided 

to start there. I removed all of the tubes and ran them 

through the Hickok 600A tester. One of the XXLs 

(7A4) was on the weak side, as was one of the type 41 

audio amplifier tubes. The 7C6 detector/audio ampli-

fier was also weak on one of the diode sections. As it 

turned out, there was an upcoming hamfest, so I 

purchased replacement tubes there from ESRC, who 

also sells tubes on line. Using the Dust-Off, I cleaned 

the top and bottom of the chassis. 

 

Underneath the chassis, it was immediately evident 

that all of the capacitors were the original Philco-

branded ones, and had never been replaced. I made a 

decision to replace them all. The newer capacitors were 

physically smaller than the originals, and handily, the 

assortment kit I bought came with several lengths of 

spaghetti tubing to slip over the leads to prevent 

shorting to other connections. I replaced the capacitors 

one at a time, first clipping both leads about ¼” from 

the capacitor body. Then I soldered in the new 

capacitor, using the remnants of the old leads as 

landmarks to show where the old capacitor was 

previously connected. Once the new cap was in place, I 

clipped the old leads off. I double checked the location 

and value against the schematic, just to be sure. 

 

I measured each carbon composition resistor, and 

found that two of them were near the top end of their 

marked tolerance, and one was open, so I replaced 

these with metal film resistors. Next, I removed the 

tuning capacitor carefully so as not to disturb the dial 

cord stringing over the pulley, and cleaned the dust 

from between the plates with contact cleaner spray, 

followed by dry air from the Dust-Off can. I did the 

same with the volume and tone potentiometers. I didn’t 
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remove or disassemble them, but squirted cleaner 

through a small opening in the pots. I put in new dial 

lamps, push buttons, and cleaned the glass on all of the 

tubes. I cleaned the dial glass carefully, so as not to 

scratch the silkscreen, and also the plastic lamp 

diffuser in front of it. 

 

At this point, I was ready to power up the radio. I 

reconnected the loop antenna and speaker to the 

chassis, and turned on the radio. I waited for about 30 

seconds, and tuned it to WBAL (a 50-kW station in 

Baltimore). And it played! Not only that, it played 

well. I checked a few other local stations and they also 

came in. I checked the tone control for functionality, 

and it worked fine, too. I did, however, have mixed 

feelings. I was happy to have brought the radio back to 

life, but a little disappointed that nothing seemed to be 

wrong, so I could test out my troubleshooting skills. As 

it turned out, I didn’t have too long to wait for this. 

 

I then proceeded with the alignment, per the 

instructions on the Philco documentation. It was 

straightforward, and took less than 10 minutes. The 

analog voltmeter was helpful in finding the peak 

amplitude while making adjustments, but probably in a 

pinch I could have just used my ears. I also set the push 

button trimmers for local AM stations. 

 

I put the chassis aside and started on the cabinet. I 

removed the speaker, grille cloth, and the front panel 

escutcheon first. As I mentioned, the cabinet was in 

good shape, but it did have some dings and scratches. I 

debated stripping the whole cabinet, but if I did that, 

I’d lose the zebra type pattern (which appeared to be 

paint, dye or stain, rather than veneer) on three of the 

panels, so I tried something else. I cleaned the exterior 

with paint thinner, to remove the dust and grime, and 

then applied a product from the Howard company 

called Restor-A-Finish. I chose the mahogany color. 

This worked very well, and made the dings and 

scratches almost invisible. Over that, I applied a couple 

of coats of lacquer. 

 

I polished the escutcheon and knobs with Novus #2 

and #1 plastic polish. Unfortunately, the brass strip 

(with the knob legends engraved on it) had a serious 

hump in it. As it turned out, I had a modeler’s brass C-

clamp, with a square shaft just a little smaller than the 

width of the brass strip. I placed the strip on the clamp 

shaft, and tapped the hump out with a plastic mallet. 

Then I used brass polish to shine it up. I also polished 

the heads of the brass screws that held the escutcheon 

on. As an added touch, I added a “PHILCO” decal 

above the dial panel in addition to the one below the 

dial panel. Even though this isn’t the original design, I 

thought it made the radio look much better. And, I’m 

sure the original grille cloth wasn’t the chevron pattern 

I used, but again, I think that made the console more 

aesthetically appealing. 

 

Now, I was ready to put everything back together. I 

decided to check the alignment before I buttoned 

everything up, and to my chagrin and surprise, the 

radio was just barely receiving stations, and the audio 

was filled with static and occasional squeals. I couldn’t 

imagine what went sour to cause this problem. This 

would, however, give me a chance to do some 

troubleshooting. I decided to isolate the problem first. 

 

Starting at the back end, I disconnected the coupling 

capacitor between the detector and the first audio 

amplifier, and applied an audio signal. That came 

through fine, so the problem was further back. Before I 

proceeded, though, I decided to retest the 7C6 

(detector/first audio amp), just to see if it was still ok. 

It was, and I re-installed it. All of the sudden, the radio 

started working properly. I decided to try a technique I 

The dial and escutcheon of the Philco. The brass 
strip underneath the pushbuttons is often 
buckled on these Philcos, but this one was 
amenable to being straightened. 
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remember from my childhood, when the TV repairman 

came to our house. I tapped the tube with a screwdriver 

handle, and sure enough, that sent the radio off again. 

 

Before I replaced the tube, though, I took a close look 

at the pins, and found they were darkened by oxidation. 

I did some Googling, and found this was problematic 

for Loctal tubes. I then used a Dremel tool, wire brush, 

and De-Oxit to clean the pins. For good measure, I 

squirted some contact cleaner into the tube socket, and 

inserted and removed the tube a few times to clean the 

socket contacts. I followed that with some Dust-Off to 

dry things off, and re-inserted the tube. Problem 

solved!! Tapping or wiggling the tube now did not 

affect anything. I repeated this process for all of the 

remaining Loctal tubes. 

 

At this time, I put everything together, did a quick 

retest, and then moved the radio to the reserved spot in 

the dining room.  

 

Now What? 

There was still one loose end, however. I wanted this 

radio (and future restorations as well) to play period 

music, variety and comedy as well as dramatic serials 

from the 40s and 50s. I thought of adding an auxiliary 

audio input for an iPod, but that’s really not wireless, 

and I’d have to do that for each radio. So, I built an 

AM transmitter kit from SSTRAN, the AMT3000 

model, which I recommend highly. (You can also 

purchase one factory wired, but building the kit is fun.) 

The transmitter worked so well that I purchased a 

second unit so that I could have “stations” trans-

mitting on two different frequencies, as you can see in 

the picture at the top of the next column. 

 

I loaded up an iPod with swing, oldies, and serials, and 

shuffled them in an endless loop. The signal is strong 

enough to be heard throughout the house, as well as in 

my driveway. When visitors leave, I tell them to “tune 

to WIRA, 1200 on your dial; it will make you smile!” 

 

This was really a fun project. I got quite a bit of 

enjoyment from bringing this radio back to life, and 

tuning in to something other than AM talk shows. Next 

on the list is a Philco 46-200 Transitone that I found in 

my Mom’s old house, and had been keeping for years. 

My parents had purchased this radio back in mid 1947, 

a few months before I was born, and it had a place on 

our kitchen window sill. This was the radio my sister 

and I used to listen to in the winter during snow 

season, and wait for the glorious announcement from 

WBAL: “All Baltimore City public schools are 

closed.” ■  [I have encouraged Ira to document future 

restorations, so, stay tuned! – Editor] 

Ira’s home broadcasting station, consisting of 
two SSTRAN low-power AM transmitters. 

MAARC’s Fallfest was a great success. The meeting room was filled to capacity for the auction. 
Offerings included radios, ham equipment, audio gear, tubes, parts, test equipment, and more. 
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N ow and then a customer who brings a radio to a 

service shop will say, “This should be an easy 

problem to fix because the radio plays perfectly most 

of the time.” Another customer might say, “This must 

be a serious problem, because the radio does not light 

up at all.” Most of us who work on radios would 

prefer the second case to the first. Intermittent 

problems can make life miserable for those of us who 

repair radios. The Lonestar Waveform (the newsletter 

of the Texas Antique Radio Club) often reprints the 

“Radio Service Shop” column from Radio and Tele-

vision News magazines. A recent reprint in that 

newsletter contained useful information about  

finding intermittent faults. Here are some hints: 

 

Keep track of how much time elapses from when the 

radio is turned on until the intermittent problem 

occurs. That may provide a clue as to what is causing 

the problem. Most intermittent problems are caused 

by the expansion that takes place when components 

heat up. Tubes heat up first, then resistors, and later, 

coils and capacitors. When a radio stops playing soon 

after it is turned on, then it begins to play again after 

it cools, a tube could be the culprit. If the problem 

develops only after the radio has been playing for 

quite some time, say a half hour, it is more likely to 

be a defective coil or a capacitor. 

 

A common situation is a radio that exhibits noise and 

abrupt volume changes when first turned on, but after 

it heats up, becomes stable. Often that problem is 

caused by those metal-encased, tapped power 

resistors. When the radio is cold, the taps make poor 

contact, but when the resistor heats and expands, the 

body of the resistor makes tight contact with the 

metal band of the tap. 

 

John Frye, the author of the column, claims that an 

experienced service technician can often tell in what 

circuit a capacitor has opened by listening to the 

change in sound quality when the drop in volume 

occurs. A coupling capacitor that opens will often 

cause a severe loss of low frequencies because the 

high frequencies will still be passed by the small 

capacity remaining from leads. A plate, cathode, or 

AVC bypass capacitor that opens will often cause a 

characteristic hissing—a near oscillation—when the 

volume drops. A bad coupling capacitor in the 

oscillator will often cause detuning of the signal 

before the radio stops playing. 

 

Coils that carry DC current, e.g., primaries of IF 

transformers or audio transformers, tend to open and 

can cause noise. Frye says that coils that open often 

produce a high-pitched squeaking sound in addition 

to a rustling sound. 

 

Defective filter caps in AC-DC sets can cause a 

scratching sound even though there may not be the 

usual hum that arises from a failing electrolytic cap. 

Bridge the suspected capacitor with a good one to see 

whether the noise stops. Microphonic rectifier tubes 

in AC-DC sets (e.g., 35Z5, 35Z3, 35Y4) can cause 

noise due to vibration in the tube caused by the sound 

waves from the speaker. Try replacing the tube. 

 

Cathodes of AC-DC set tubes that develop partial or 

complete shorts to the filaments are sometimes 

encountered, and cause hum. 

 

Suspect a leaky coupling capacitor that is lowering 

the bias on an audio tube when the radio plays fine at 

first, but develops distortion after it has been playing 

for a while. Capacitor leakage can increase as the 

temperature of the capacitor increases. Of course a 

tube with grid emission can lead to similar symptoms. 

 

Since heat causes many intermittent problems, there 

are cases where a radio has an intermittent problem 

when in its cabinet, but when the chassis is on the 

workbench where there is better ventilation, the 

problem does not show up. In such cases, try putting 

an infrared heat lamp on the chassis to raise its 

temperature. ■ 

Troubleshooting Intermittents 

Special Offer Continues 
 

The special 3-way new member offer between 

MAARC, the National Capital Radio & Television 

Museum, and the National Electronics Museum 

continues in effect. MAARC members who wish to 

join either or both of the other organizations, may do 

so for the special reduced rate of only $20. For more 

information, go to  
 

ncrtv.org 

nationalelectronicsmuseum.org 
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Letter to the Editor  

 

I enjoyed the August 2014 Radio Age 

piece on the Bendix Radio Division of 

Bendix Aviation, having worked at the 

Joppa Road plant for about four years 

during the 1950s (in two parts, with a 

three year break for Army active duty.) 

I also spent some time at Harbor Field 

(Dundalk?), where Bendix was outfitting Navy 

trailers with electronics in an old airplane hangar. 

 

I was a calibrator in the Test Equipment Repair and 

Calibration Dept., then under the direction of John 

Rodgers. We worked two shifts maintaining test 

equipment all over the facilities. (A third shift was 

lightly manned, mainly gathering and returning the 

equipment, as I remember.) The department had a 

secondary-standards room that was climate control-

led and vibration isolated. (Those standards were 

periodically checked by the National Bureau of 

Standards.) Also, there was a screen room for high- 

frequency work. Some frequency standards were tied 

to the Bureau’s time and 

frequency station, WWV. 

 

We maintained the gamut, 

from DC panel meters to 

SWR devices. I enjoy mem-

ories of monstrous HP fre-

quency counters (with vacu-

um tube flip-flops), solidly 

built General Radio BFOs 

and bridges, Tektronix 

'scopes, Boonton genera-

tors, Ballantine AC meters, 

RCA VoltOhmyst VTVMs, 

Simpson and Triplett multi-

meters, thermal true-rms RF 

power meters, HP 608 RF 

generators, etc. 

 

The IF-12C frequency 

meter pictured on page 4 of 

the article was known to us 

as a “CFI” (crystal fre-

quency indicator). 

When I was there, the auto radio assembly line 

pictured on page 7 was producing Ford radios. I 

don't remember if they were for Ford, Mercury, or 

Lincoln autos. The assemblers were all women, 

because of their manual dexterity with small objects. 

There was an in-house wiring and soldering school 

for the assembly line workers and for everyone else 

required to do repair work. 

 

The Joppa Road plant had its own machine shops for 

fabrication, which may explain why all hourly 

workers were members of the International 

Association of Machinists (under the Teamsters 

Union). 

 

Given the breadth and depth of the contributions of 

Bendix, I've always marveled at how invisible they 

have seemed to the general public! 

 

Alan Diamant 

 Tidbits 

The weather was beautiful for this year’s Fallfest event. The parking lot 
was full of vendors like this example. Both sellers and buyers were 
happy. 
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Radio Repair Classes: The National 

Capital Radio & Television offers 

classes on repairing vintage tube 

radios—theory, troubleshooting, and 

hands-on experience (e.g., how to 

solder properly and use test 

equipment). Classes are ten weeks, 

three hours per week, either Saturday 

mornings or weekday evenings. Cost 

is $250 for Museum members. Email 

to info@ncrtv.org or contact the 

Museum at 301-390-1020 for more 

information. 

 

Wanted: 1938 Zenith shutter-dial 

console radio with decent cabinet. 

Also, I offer repairs of antique radios 

and tube equipment. 30 years 

experience, reasonable rates. Jay 

Forbes, 21128 Stonecrop Pl, Ashburn, 

VA 20147, phone: 703 729-9432, 

email: JFRADIO@aol.com 

website: http://www.jfradiorepair.com/

index.html. 

 Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 

MAARC’s second annual indoor January meet at the 

National Electronics Museum (NEM) in Linthicum, 

MD, (near BWI airport), is to be a repeat of last 

year’s very successful event at this wonderful 

museum. Tour the museum throughout the meet while 

it is not open to the general public. For non-NEM 

members, there is a $5 charge to attend the meet and 

tour the museum, plus a $5 table fee (30- x 72-inch 

tables) for vendors. (No flea market selling outside.) 

 

NEM members will be admitted free, and MAARC 

and National Capital Radio & Television Museum 

members who are also NEM members can renew 

their NEM memberships at the reduced price of $20 

(normal price is $25). MAARC and NCRTV 

members who do not currently belong to NEM may 

join at the reduced price at the meet and avoid the 

admission fee. 

 

Non-vendors are not allowed in the flea market area 

until 9 a.m. but vendors may enter at 8 a.m. to set up. 

You need not be a vendor to consign auction items. 

There will be no pre-registration. Check the MAARC 

website (www.maarc.org) for any postponement 

announcement in case of a winter storm. 

 

Coffee and donuts will be available. Lunch is 

available nearby at McDonalds and Quiznos, or bring 

your own lunch. Nearby Motels include Holiday Inn, 

La Quinta, Country Inn and Suites, Hilton, and 

Marriott. 

 

Location: Intersection of West Nursery Road and 

Elm Road, 1745 West Nursery Road. Look for the 

sign that says BWI Hilton Park and the large radar 

displays in front of the building. Ample free parking 

at the rear of the building.  

 

Schedule: 

 

8 AM:   Vendors enter side door of Pioneer Hall,  

              pay $5 admission plus $5 table fee. 

              Non-vendor attendees enter through main 

              entrance, pay $5 admission, and tour the 

              museum. 

 

9 AM:    Non-vendor attendees can enter flea 

               market area, and flea market sales begin. 

 

10 AM:    Auction consignment begins 

 

11:30 AM:     Auction consignment ends, attendees 

                      have lunch. 

 

Noon :      Auction (MAARC’s usual monthly 

                 meeting auction rules apply.) 

Sunday, January 18, 2015 
 

MAARC’s Radiowinterfest 

mailto:info@ncrtv.org
mailto:JFRADIO@aol.com
http://www.jfradiorepair.com/index.html
http://www.jfradiorepair.com/index.html
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MAARC Your Calendar! 
Sun., Dec. 21 MAARC meeting at the Sully Station Community Center, 

Centreville, VA. See map below. Tailgating at 11:30, meeting at 
1:30. Display table: Radios with more than ten tubes. Program: 
Ed Lyon speaking on emergency radios. 

Sun., Jan. 18 MAARC’s RadioWinterfest at the National Electronics Museum, 
Linthicum, MD. Indoor flea market, museum tours, and large 
auction. See p. 15 for details and directions. 

Sun., Feb. 15 MAARC meeting at the Davidsonville Family Recreation Center, 
Davidsonville, MD. See map on page 2. Tailgating at 11:30, 
meeting at 1:30. Display table: metal cabinet radios. Program: 
Super Show and Tell. 

Sun. March 15 MAARC meeting at the Davidsonville Family Recreation Center, 
Davidsonville, MD. See map on page 2. Tailgating at 11:30, 
meeting at 1:30. Display table: Tube 
transceivers. Program: Paul Hart: 
“Confessions of a Radio Pirate.” 

Sun. April 19 MAARC meeting at the Sully Station 
Community Center, Centreville, VA. 
See map below. Tailgating at 11:30, 
meeting at 1:30. 

June 25-27  RadioActivity 2015 at the Holiday Inn 
Timonium (same hotel as last year). 
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