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Recapping That Old Radio - A Recap 
by Ed Lyon 

Just exactly how critical are the capacitor values in that old tube-type radio? This article can help you 
trim down the variety of capacitors in your inventory, saving you money in the flea markets. 

nondensers (or capacitors, whatever) in radios 
serve several functions, but mostly they 

separate ac from dc. In some circuits they are used 
to separate ac signals of differing frequencies. It is 
in those particular circuits that the capacitance 
values of the condensers 
are important — elsewhere 
the "size" of the con-
denser is set to con-
venient values, with the 
convenience factor usual-
ly being established by 
economics or space con-
straints. 

Condensers separate ac 
from de by the very 
nature of their construc-
tion. They are simple 
enough, being two con-
ductors separated by an 

insulator — why, even a piece of lampcord, which is 
two copper wires separated by one or more layers 
of rubbery plastic, is a condenser. In radios, 
though, condensers are "sized," capacitance-wise, 
to contain a specific area of overlap of the two 

conducting materials and 
a measured separation 
distance set by the 
thickness and composi-
tion of the insulating 
material. The way they 
operate is simple, too. If 
you connect one of the 
conductors in a condenser 
to a source of electrons, 
the electrons will crowd 
into all parts of the con-
ductor and will drive 
electrons out of the other 
conductor, just because 
electrons tend to 
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ABOUT RADIO AGE: Radio Age became the monthly 
newsletter of the Mid-Atlantic Antique Radio Club effective June 
1994. (Prior to that date, the MAARC Newsletter and Radio Age 
were separate publications.) Subscription to Radio Age begins 
with the next available issue after the membership application and 
dues are received. Dues are $20 in the U.S., Canada, and Mexico, 
and $35 per year elsewhere. (U.S. funds, please.) Two- and three-
year memberships are available as noted on the application and 
renewal forms. Life memberships are also available; contact the 
Membership Chair. All checks should be made payable to 

MAARC and addressed to the Membership Chair. Back issues 
of the MAARC Newsletter from Vol. 1, No. 1 (August 1984) and 
most issues of Radio Age from Vol. 1, No. 1 (Oct. 1975) are 
available for $ 1.75 per issue postpaid from Barry Zimmerman at 
the address in the left column. 

Entire contents of this newsletter copyright ©1997, Mid-Atlantic 
Antique Radio Club, unless specifically marked otherwise on each 
article. Generally, all articles in Radio Age may be reprinted by 
other publications provided specific permission is first obtained 

from a Radio Age editor, and full credit is given to Radio Age and 
to the author of the article. 

Submissions to Radio Age are eagerly solicited. Typewritten copy 
is preferred. Articles submitted on 5 1/4" or 3.5" PC-format 
diskettes in ASCII, WordPerfect, or Microsoft Word (DOS or 
Windows) formats are very much appreciated. (Leave off the 
fancy formatting and fonts because we will have to modify them 
anyway.) Photos should be high contrast black and white. Send 
submission to one of the co-editors shown at the left and be sure 
to include your name, address, and phone number. 

MEETINGS: Unless otherwise noted, MAARC monthly 

meetings are held at the Seventh Day Adventist Church in 
Burtonsville, MD. Consult the calendar section for dates and 

times and the map below for directions. There is a traffic signal at 
the intersection of MD 198 and McKnew Road. Park in the lot 

behind the church or on McKnew Rd. Do not block the fireline 
to the rear parking lot. Entrance to the meeting is via the door to 
the gymnasium. 

Editor this issue: Ed Lyon 
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repel each other. How do the electrons in the 
second conductor know about the presence of 
electrons in the first conductor? Well, each 

electron has an influence field about itself, and this 
field extends out of the conductor and into nearby 

insulation, whether it is air, vacuum, or some other 
non-conducting substance. 

If one of the conductors is connected to ground, 
or to a radio chassis (or to anything large and 

conducting), the electrons fed into the other 
conductor will drive the electrons out of the 
grounded conductor and into the ground where 
there are already plenty of them and lots of room to 

spread out. Now if the source of electrons is 
disconnected from the ungrounded conductor, all 
the electrons placed there are trapped there, and 

cannot escape, and so they become available as a 
source of electrons. Thus, the use of a condenser 

as a filter of an intermittent source of electrons is 
apparent. The condenser tends to smooth out the 
intermittency, absorbing electrons when they are 

available, and supplying them when the source 
stops. 

In the case of an old-fashioned radio condenser, 

say, a "paper" condenser, the conductors are made 
of thin tinfoil and the insulating barrier is waxed 
paper. By putting a long strip of waxed paper on 

either side of one tinfoil strip, a second tinfoil strip 
can be placed on the waxed paper and the whole 

assembly rolled into a cylinder making the whole 
assembly convenient in size and shape. 
Connection wires are usually soldered to the foil 
strips. Fig. 1 shows a notional construction of an 

old "paper" condenser. Note that one edge of each 

foil strip is exposed, one on the left side of the 

waxed paper strips, one on the right. After rolling 
the assembly up into a cylindrical shape, the foil 

edges can be readily accessed for soldering to the 
connection wires. The capacitance (electrical size) 
of the condenser is calculated as the total area of 

overlap of the foil layers (remembering that, when 
rolled into a cylindrical shape, both sides of each 
foil have the other foil next to them) divided by the 

effective spacing between the foils. This effective 
spacing is the actual waxed paper thickness divided 
by its dielectric constant. This dielectric constant 

for waxed paper runs from 3 to 5, depending on the 
wax content. 

Well, we can see that the area (e.g., in square 
inches) of foil overlap divided by the thickness  

(e.g., in inches) of the insulator between the foils 
yields a linear (inches) measure, but we don't see 
condensers listed in terms of so many inches or 
centimeters of capacitance, but in microfarads 
(uF), or, if small enough in capacitance, in 
picofarads (pF), which are micro-microfarads 

(uuF). The conversion factor from inches of 
capacitance to pF is 0.224, meaning that a 

condenser made of foils having ten square inches 
of effective overlap area and using 0.004-inch 

thick waxed paper (with a dielectric constant of 4) 
insulation between the foils has a capacity of 
10,000 inches, or 2240 pF, or 0.00224 uF. 

Early radios used condensers having nice round 
numbers for capacitances, measured in uF. The 
same held for resistors, generally. Common values 
for paper condensers might have been 0.1 uF, 0.2 
uF, 0.3 uF, etc. By the mid- 1930s, though, the 

Radio Manufacturers Association (RMA) decreed 
that these components should be made in sizes 
which allowed any practical capacitance value (or 

resistance value, for resistors) to be selected for the 
circuit, within the tolerance chosen. Then fixed 

tolerance bands were established: 5%, 10%, and 
20% for common resistors and condensers. The 
values which were approved, then, came out to 

have irregular-looking numbers, but at least it 
allowed practically any value to be selected. Table 
1 shows these values. Using the table values, it is 

apparent that if a designer calculates that he needs 
0.041 uF of capacitance, plus or minus 10%, he 

can choose the nearest value in 10% condensers, 
0.039 uF. If his circuit is critical, and needs a 

tighter tolerance level, say, 5%, then he would 
choose the 0.043-uF 5-percent tolerance condenser. 

But our problem is in identifying the circuit 
applications in which tolerances are important, 
and the capacitances are critical in value, and those 
which are less critical. 

Early in this article it was stated that the purposes 

of condensers were twofold: separation of ac 
signals from dc voltages, and separating signals of 
differing frequencies. Examples of separating ac 
from dc are seen in bypass and filter applications, 
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20% 

tolerance 
10% 

tolerance 
5% 

tolerance 

1S2 or pF K2 or pF 1S2 or pF 

1.1 

1.2 1.2 

1.3 

1.5 1.5 1.5 

1.6 

1.8 1.8 

2.0 

2.2 2.2 2.2 

2.4 

2.7 2.7 

3.0 

3.3 3.3 3.3 

3.6 
3.9 3.9 

4.3 

4.7 4.7 4.7 

5.1 

5.6 5.6 

6.2 

6.8 6.8 6.8 

7.5 

8.2 8.2 

9.1 

10 10 10 

11 

etc. etc. etc. 

Table 1. RMA capacitance or resistance values, 
in ohms or pF. All these values may be 

multiplied by 10, 100, 1000, etc. 

and in coupling of signals from one stage to 

another. Examples of separation of signals accord-

ing to frequency are seen in tuned circuits (as in 
station selection), and in tone control circuits 
(separating bass from treble notes). Differing 
tolerances will apply in choosing condensers for 
these differing purposes. For tuning in a station, of 
course, a very specific capacitance is needed, and 
so the radio maker supplies a variable condenser, 
whose capacitance is selected by rotating the 
tuning control. For separating ac from dc in 
filtering the output of the power supply, where 

pure dc is needed, the tolerance on the capacitance 
needed is very loose. 

Fig. 2 shows a typical ac-dc radio circuit 

schematic diagram we will use to discuss practical 
tolerances that can be allowed. We will go over 
the condensers, starting at the left side of the 
schematic diagram. 

First, the ganged tuning condenser, marked MI, 
along with its variable trimmer condensers, is very 

critical in value. If replaced, it must be with a 
similar unit. C4 is the automatic volume control 

(AVC) filter condenser, and the combination of C4 
and resistor R4, is supposed to filter out all traces 
of the audio program material from the AVC 
voltage. By multiplying the values of R4 and C4, 
with the R expressed in megohms and the C in uF, 
the designers are aiming at a product of about 0.05 
to 0.3 seconds. (Ohms times Farads equals 
seconds, honest, Boy Scout's oath.) In this radio, 

the value of R4 is 1 MS) and C4 is 0.1 uF, so the 
product is 0.1 second. If in your parts box you 
can't find a 0.1 uF cap, you can use an 0.05 uF (or 
0.047uF, if RMA values are stocked), if you 
change R4 to 2.2 Mi). Condenser C2 is the local 
oscillator grid coupling cap, and it is usually a 
mica condenser, even though a modern ceramic 
will do nicely. Its value can be anything from 50 
pF, as shown, to 270 pF. Condenser C3 looks like 
it is not essential to the circuit at all, and that is 
true, except that it helps, in a small way, to make 
the radio safer to use. It keeps the power line 
circuitry away from the variable condenser gang so 
that, if you touch the tuning shaft while barefoot in 
a puddle of water, and the condenser plates are 

bent and shorted, you will still not get electrocuted. 
(The UL would be proud.) C3's value is very non-
critical (anything from 0.01 uF to 0.1 uF), but its 

presence demands a condenser from the tuning 

condenser frame or rotor plates to B- (the radio 
circuit's "ground"). This latter condenser is found 
in C10, listed on the schematic as 0.18 uF (?). 
Anything from 0.1 to 0.22 uF will do here, as long 
as its voltage rating is at least 400 v. The IF 

transformer tuning condensers shown without 
identification numbers are built into the IF cans, 
and cannot easily be changed. They seldom fail, 
and when they do, it usually means a new IF can. 

C5 is next. Its purpose is to filter the IF signal to 
ground without affecting the audio signal (a case of 

frequency-selective separation of signals), and it is 
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Figure 2. A typical ac-dc radio schematic — an All-American Five. 
(Actually, an Admiral 5R11) 
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Figure 3. A " moderate-priced" six-tube ac radio having tone control in addition to the usual 

volume control/on-off switch and tuning control. Most condensers in this radio have tolerance 
ratings similar to those in the ac-dc set, except for those associated with the tone control. This 

schematic is from Terman's Radio Engineering, 2nd edition. 
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usually mica or ceramic, and has a value between 

150 pF and 330 pF. C6 is an audio coupling 

condenser, and it must be of high quality. This is 

no place for a NOS paper cap, even though it may 
look nostalgic as heck. Use ceramic or mylar here, 
and the value can be found from a glance at R5. 
R5 in your ac-dc radio will run from 1 MS2 

upward to 10 MS2, depending on whether there is 
a cathode bias resistor (or separate grid bias 

source) in the first audio stage (V3). When no 
cathode resistor or grid bias source is used, the grid 

is biased by "contact" potential, which is French 
for saying it draws a tad of grid current which grid-

leak-biases the tube. The tad must be kept small, 
so really HIGH resistances are used for R5 (at least 
2.2 MS2. With a cathode resistor in V3, the value 

of RS is often as low as 1 M. Anyway, multiply 
C6's value (in uF) by R5's value (in MQ ), and 
aim for a product of 0.003 to 0.05 seconds. 
Condenser C7 filters out any remaining IF signal, 
and it is usually mica or ceramic. It can be from 
150 pF to 470 pF. C7 is another audio coupling 

cap, like C6, and the same product is aimed at, for 
the value of C7 times the value of R7. In this 

radio the product is 0.005, which is on the low 
side. C7 should be replaced by a high-quality cap 

(mylar or ceramic) of no less than 0.01 uF (as 
shown), and up to 0.047 uF, which will improve 
the bass response a little. C8, almost always 

defective in an old radio, takes a beating in 
operation. Every loud crash of static causes 
tremendous spikes of current in C8, which saves 
the tube (V4) and output transformer (T1) from 
damage. It should be 0.01 to 0.02 uF in size, rated 

at no less than 400 v. Finally we come to the 
electrolytics, labeled C 1 in the diagram. In ac-dc 
sets, these are usually 30 uF and 50 uF, both rated 

at 150 volts, and they are polarity-sensitive, as 
noted on the diagram. Modern replacements in 
dual 33uF-47uF size can be found, but they are 

pricey, so most repairers now go with separate 
caps, one at 33 uF and one at 47 uF, both at 160 
volts (the newer replacement voltage rating for the 
older 150-volt rating). Actually, very little 

difference in residual hum will result if both caps 
are of the 33-uF size. Many older ac-dc sets used 

little 16 uF-16 uF dual electrolytics, with some 

noticeable hum as a result. What I would 

recommend here is at least 22 uF in both sections 

of Cl, with 33 uF preferred. 47 uF is an overkill, 
especially in the second (right-hand) section. If the 

radio is a better quality ac set, using a full-wave 
rectifier, like an 80 or 5Y3, the electrolytic caps' 

values can be cut in half from these figures, but the 
voltage rating goes way up. Ac sets usually run 
about 250 to 350 volts for B+, and the electrolytic 

caps must withstand at least this voltage — likely 
more as the set warms up. 450-volt ratings are 

standard for these filter caps in ac sets. 
Fortunately, many ac sets can accommodate FP-
style (aluminum can with twist-tab mountings and 

terminals on one end) condensers, and these are 
readily available in fleamarkets. Most have to be 

re-formed, as they tend to be stock from the 1970s. 
Values are very non-critical, fortunately so, 
because the actual capacitance of a typical 
electrolytic cap can be up to 200% off the rated 
size, on the high side, and 50% off on the low side. 

In the case of higher quality sets which have 
elaborate tone controls ( like Zenith's "Tone 

Organ") the values of capacitance in that particular 
circuit can be important to audio quality, and so we 

have to get fussy with capacitances in these tone-
control circuits. Fig. 3 shows the schematic of a 

six-tube ac "medium-priced" radio described in 
Terman's Radio Engineering (2nd edition). We 

will use it as an example of a set with "fussy" 
condenser values in the tone-control circuit, and 
some very effective hum-reducing circuits. Note, 
first, that the radio uses six tubes, but that one of 
them is a 6H6 dual diode and another is a 6F5 

high-mu triode. All-American Five enthusiasts 
will know that these two tubes, together, make up a 
6SQ7, and so this could have been a five-tube set, 
with a 6SQ7 in place of those two tubes. But then 

the price would have been harder to defend. 

First, the tone control circuit, on the far right, is a 
potentiometer with its wiper arm grounded. When 

the arm is at the bottom of the resistance, on the 
diagram, the radio is set for "hi-fi," in that the 

bypassing of the 6F6 plate by C3 is less effective, 
and this emphasizes the treble response. At the 

same time, the tap near the bottom of the volume 
control resistance element is heavily bypassed to 
ground, which emphasizes the bass response when 

the volume level is set low (but has little effect 

when loud volume control settings are used. Both 
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these effects tend to compensate for normal human sizes, and we will list them here: 
hearing idiosyncrasies. The values for C3 and C4 a. 
should be kept within about 30 percent of the 
values shown during recapping exercises. This 
means that C3 can be anything from 0.027 to 0.039 

uF, while C4 should be kept between 0.01 and 0.02 
uF. In the tone-control system of this radio, note 
that the designer reduced the normal value of 

static-spike bypassing at the plate of the output 
tube to 0.005 uF, allowing the additional bypassing 
to take place through operation of the tone control. 

Also, note C6, which bypasses the volume control 
tap to ground. This sets the "normal" bass 

emphasis for low-volume operation, allowing 
additional bass emphasis for the tone control to 
invoke. 

Two interesting little circuits are the resistor-
condenser combinations of RI - CI and R2 - C2. 
These are hum-reducing circuits, intended to 
smooth out the bias voltage fed to the grid of the 

first audio tube (6F5) and the B+ voltage fed to the 

tube's plate, respectively. The capacitor values 
shown are nominal, and values from 50 percent to 
200 percent of these values can be used. Using 
these circuits lets the designer get by with rather 

small-capacity B+ electrolytics, in this case, 10 uF 
and 18 uF capacities. 

This brings us to a conclusion: The parts kit can 
get by with a very modest number of condenser 

b. 

c. 

Mylar or ceramic: 0.0047 uF, 0.01 uF, 0.022 
uF, 0.047 uF, 0.1 uF, and 0.22 uF, all at 400-
500 volts dc rating (unless you are fixing hi-fi 
amplifiers and ac sets almost all the time - in 

that case, use 630-volt caps). 
Micas: these caps are nearly always used in 
tuning circuits, and should be replaced with 
exact values. You can often make up the 
needed value, though, by using several caps in 
parallel. Therefore, keep 5 pF, 10 pF, 22 pF, 
47 pF, 100 pF, 220 pF, 330 pF, and 470 pF 
values in the kit. 
Electrolytics: For ac-dc sets, 22 uF, 33 uF, and 
47 uF at 160 volts, plus some 22 uF at 25-50 
volts for cathode bypassing, are recommended. 

For ac sets and hi-fi amplifiers, keep some 5 
uF, 10 uF, 22 uF, 33 uF, and 47 uF axial-lead 
caps, all at 450 volts, around, plus a few 25 uF 
at 50 volts units for cathode bypassing. For 

these ac sets, it's also nice to keep a few 10-
10-10 uF and 20-20 uF (both at 450-volt) caps 
of the aluminum-can FP style in the kit. In 

some chassis, like many Philco cathedrals, the 
aluminum can may have to be sleeved in 
cardboard before mounting in the old 

condenser's clamp, because the negative 
terminal of the condenser is not supposed to be 
grounded. 

Ray Larson wrote in to correct 
an error in his article in the 
October 1997 issue of Radio 

Age. On page 15 of that issue 
there is text and a schematic 
showing multiple speakers 

connected by L-pads to a set, 
and there is an error in the 

wiring to two of the speakers. 

The new schematic portion 
shown to the right will correct 
the wiring shown in the original 

schematic. Be careful to phase 
all speakers identically, or there 
will be dead spots in the room. 

t K KA 
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8 ohm output 1 

Old Vol Control 
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HAMM YOUR CALENDAR. 

Sunday, Jan. 18 "Frostfest" at The Showplace, 3000 Mechanicsville Tpk., Richmond, VA, 8:30 
a.m. to 3:30 p.m., phone: (804) 739-2269. 

Sunday, Jan. 25 MAARC meeting, New Hope Seventh Day Adventist Church 
gymnasium, Burtonsville, MD (see map, p.2), 2:00 p.m. 

Sunday, Jan. 25 Hamfest at Odenton, MD, VFD Hall, 1425 Annapolis Rd., 8:00 a.m., phone: 
Bill Ziegler, (410) 987-2384. 

Sunday, Feb. 8 Hamfest and Computer Show, Latrobe, PA, American Legion, 1811 Ligonier 
St., 8:00 a.m., call Andrew Michalovicz, (412) 539-0468. 

Sunday, Feb. 22 MAARC meeting, New Hope Seventh Day Adventist Church 
gymnasium, Burtonsville, MD (see map, p.2), 2:00 p.m. 

Sunday, March 22 MAARC meeting, New Hope Seventh Day Adventist Church 
gymnasium, Burtonsville, MD (see map, p.2), 2:00 p.m. 

Sat.-Sun., Mar 28-29 Hamfest, Timonium, MD, Fairgrounds, 7:00 a.m. set-up, phone: Bill Dobson, 

(410) HAM-FEST. 

Sunday, Apr. 5 Hamfest, Raleigh, NC, State Fairgrounds, phone Will Goss, (919) 266-9335. 

TIDBITS 
• Charlie Rhodes's demonstration of his electrolytic condenser repolarizer device during December's 

MAARC meeting was most interesting. He has offered to bring it to the January meeting (see 

schedule, above) to re-form members' condensers, as time permits. By testing your condensers on 
his repolarizer, you can quickly sort the good from the bad, and re-form the good condensers. The 

re-forming should last several years with the condenser on the shelf, and up to 50 years if it is used 
in a radio which is turned on once or twice a year. So bring in your NOS electrolytics and those 

ones you value because of their nostalgic shape or size. 

• LOST MEMBER: We have lost contact with a MAARC member, and wonder if any of our 
readers can give us a correct address for him. He is: James Burnette, last known address: 6704 
Bodensee Lane, Manassas, VA 20112. Pass any available info to Barry Zimmerman, membership 

chairman. 

• Jim Wilson, MAARC member from Virginia Beach, VA, has found a non-Atwater Kent 
breadboard radio, and wonders if anyone out there has ever seen one like it. It is a four-tuber, from 

about 1923-24, and looks to Alan Douglas very much like an Acme Reflex. Jim may be persuaded 
to bring it along to the January MAARC meeting for a "show-and-tell." He notes that the set bears 

a Ro-Va label, known to Alan as a dealer in New York who might have assembled some Acmes in 

this style for a short period in 1924. Alan found the set described in an Acme booklet, 
Amplification Without Distortion. Gad, sounds like another Plerophone ad (see November 1997 

Radio Age). 
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OBITUARY - BRUCE L KELLEY, W2ICE, 1914-1997 
by Ludwell Sibley 

The antique-radio world has lost a founding hero, Bruce Kelley, an individual who thoroughly devoted his 

adult life to the documentation of radio-electronic history and the preservation of antique equipment. 
Bruce became an amateur operator while in high school in Rochester, NY (1929). He was licensed as 

W8ACY (at home) and W2ICE (at the family summer camp). He was active enough to be written up, with a 

station photograph, in QST for July 1936. Kelley specialized in 20-meter CW DXing, with considerable 

success contacting Japanese stations. His DX total at the time was 69 countries using only 10 watts from a 
UX-210 tube, with a two-tube home-built receiver. 

More importantly for our purposes, he founded the Antique Wireless Association in 1952 with George 

Batterson, W2GB, and Lincoln Cundall, W2LC. The club at that time was a no-dues, amateurs-only 

organization, with 154 members by 1954. Bruce set up AWA's original " barn museum" at his home in 

Spencerport, NY, the same year, moving it to the carriage barn of his new location in Holcomb (now 

Bloomfield) in 1958. During his tenure with AWA, Kelley held no higher position than Secretary; he 
concentrated on being Curator of the museum, particularly after the present museum went into operation. 

He had begun a collection of tubes in 1936, which became the basis of AWA's later holdings. 
Bruce started the Old Timer's Bulletin (OTB) in 1960, as a tiny, informal mimeographed news sheet. It did 

not become an official AWA publication until its fourth issue. He edited the OTB for the next 29 years, and 

later endowed AWA's "BK-OTB" Award for articles published in it. 
Kelley was the star participant in the AWA Amateur Net, based on the Museum's station W2AN. He 

initiated the " Old Time Contest" in 1971 and the " 1929 QSO Party" in 1983, events heavily oriented toward 

use of prewar amateur equipment. A strong supporter of the American Radio Relay League, he organized 

numerous AWA exhibits at ARRL and local amateur events. He developed an extensive collection of early 

radio photos, many of which ran in the OTB. As an expert photographer (and long-term Kodak employee), 
Bruce prepared and delivered numerous slide shows ("Polar Adventure," " The Golden Years of Radio," 

"Those Wonderful Magazine Covers," "The 1921 Transatlantic Tests and 1BCG," etc. These were staples 
of AWA annual events culminating in the Canandaigua (now Rochester) conferences. The May 1959 QST 

has an article by Kelley on AWA as it then existed. 
Bruce participated in most of the organizations that focus on radio history. He was a member of the 

Society of Wireless Pioneers, a fifty-years-plus member of ARRL, and recipient of the President's Award of 

the Quarter Century Wireless Association for 1990. He was a Life Fellow of the Radio Club of America and 

was presented its Ralph Batcher Memorial Award (1978) for historical documentation. The California 

Historical Radio Society gave him its Herrold Award for 1978. He received the AWA Houck Awards for 

Documentation (1972) and for Preservation (1989). 

Kelley devoted boundless energy to his activities. A tall man of striking appearance and booming voice, he 

could hold an audience effortlessly - or raise the roof in demanding goodies for the Museum from the AWA 

Board. He was really in his element in guiding tours of the Museum. His favorite demonstration was the 

one-kilowatt synchronous rotary-gap transmitter. He'd hold down the key, reach past the terminals with 
lethal high voltage on them, grasp the phasing lever, and rock the gap back and forth for maximum spark. 

The buzzing roar of the spark, the flashing light, and the smell of ozone made for a memorable demo! The 

citizens of Bloomfield could always tell, from the bars in their TV pictures, when Bruce was showing off the 

spark rig. 
The OTB from the Kelley years shows his personality - the magazine was a wonderful patchwork of 

snippets surrounding the main articles. He had once been advised by a marketing expert to use a lot of type 

styles for variety, and took the advice to heart; a single page might contain 15 fonts. An admirer of Major 

Armstrong, he plugged the biography Man of High Fidelity 11 times in print over 20 years. A good many 

stories in the OTB were written by Bruce in disguise: " Bob Allen," " Cicely Blossom-Smith," "Dan 

Boucicault," and at least six others were pseudonyms. 

Kelley's lifework was popularizing radio history and collection. By encouraging growth of a large national 

organization, he helped prepare the ground for strong regional (and not-so-regional) groups like MAARC. 

He'll be missed. 
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THE CROSLEY AUTO EXPRESSIONATOR AND 
PHANTOM CONDUCTOR 

by Brian Belanger 

Uven though the Crosley Radio Corporation did 

i make automobiles for a short time, the Crosley 
Auto Expressionator has nothing to do with 
automobiles. It is actually an obscure bridge-type 
volume expander circuit used in some better 
quality Crosley radios of the mid- to late- 1930s. If 

you are not familiar with this circuit, it can be a 
source of great puzzlement when you first 
encounter it. 

When you examine an Auto Expressionator-
equipped Crosley, you will notice what appear to 
be two pilot light bulbs sticking out of the chassis. 
However, these bulbs are not to light up the dial. 

One's first reaction is likely to be, "Why would 
anyone install two pilot lights close together in the 
middle of the chassis? What were they supposed 
to be illuminating?" 

Examining the circuit diagram adds to the 
mystery. You will see that the two "pilot lights" on 
the chassis are not wired into the filament circuit as 
with normal pilot lights. (There are other pilot 
lights serving the normal function.) Instead, these 
special bulbs are wired into a circuit interposed 
between the output transformer and the 
loudspeaker. At this point, you are likely to be 

thoroughly confused. But, once you realize that 
these bulbs form part of a volume expander circuit, 

it all begins to make sense. 

When you listen to a symphony orchestra in 
person, the difference between the loudest and 

softest passages may be as much as 100 dB. 
Ordinary AM broadcasting equipment is not 
designed to handle such a wide volume range, and 
so compression of the dynamic range takes place. 
During the mid- 1930s, when this Crosley 

innovation appeared, the difference between the 
loudest and softest passages was in the 40-50 dB 
range for most broadcasting stations. So, Crosley 

engineers decided to incorporate into their better 
receivers a volume expansion system that would 

make loud passages even louder and soft passages 

even softer. They called it the "Auto Expression-
ator." 

Crosley also designed their Auto Expressionator 
circuit to overcome a shortcoming of most radios 

of the era — the fact that the response of the 
typical audio amplifier/loudspeaker began to drop 

off significantly for frequencies less than about 
100 Hz. Good bass response was a real selling 
point for radio manufacturers of the 1930s. Most 
1920s radios with their tinny-sounding horns or 
cone speakers had poor bass response, so in the 
early 1930s, when powerful electrodynamic 

speakers with frequency responses extending much 
lower than their predecessors became 
commonplace, consumers were delighted by the 
improvement in tone. A typical buyer of a new 

1930s console would invite the neighbors in to 
listen, and would turn the tone control down, 
saying, "Just listen to that great bass response!" 

(Of course by doing so, the listener was just 
bypassing some of the high frequencies to ground 
rather than improving the bass response, but that is 
another matter.) 

As a kid, I recall well listening to 1930s-vintage 
consoles in the homes of friends and family. 
Invariably, most people tended to set their tone 

controls so as to unrealistically accentuate the bass 
response. Aware of this propensity of customers to 

want strong bass response, Crosley thus designed 
into the Auto Expressionator a resonant circuit to 
accentuate the bass response. 

Let's examine what is actually going on in this 

circuit. (If you understand how a Wheatstone 
bridge operates, this explanation will be easier to 
follow, since the Auto Expressionator is based on 
the balanced bridge concept.) Consider Fig. 1. 
The current in the loudspeaker voice coil flows 
from the output transformer through the top 
resistor, the voice coil, and the bottom resistor. 
This is no different from a normal radio except that 

there is some loss in the two resistors in series with 
the voice coil. 

If identical resistors were connected between X 
and Y and between V and W, we would have a 

balanced bridge. The electrical potential at points 
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C and D would be ident-
ical, and no current would 
flow through the voice 
coil. But if the resistors 
in opposite arms were 
both increased or de-
creased by the same 
amount this would unbal-
ance the bridge, and a 
voltage would appear 

across the voice coil 
between C and D. The 
important point is that the 
more unbalanced the 

bridge, the greater the 
signal that appears across 
the voice coil. 

Fig. 1. In the Auto Expressionator circuit, the 
loudspeaker is connected in a bridge circuit across 

the output transformer. 

Now examine Fig. 2. Elements X1 and X2 are 
small light bulbs made with special filaments 

having a very strong temperature coefficient of 
resistivity. Their resistance is very low when the 

filaments are cold, but high when the bulb lights 
and the filaments warm up. If switches SW1 and 

SW2 are closed, and switches SW3 and SW4 are 
open, then the resistors are shorted out and the 
bridge arms containing the coils, capacitors, and 
bulbs are out of the circuit. In that configuration, 
the radio is an ordinary radio with the speaker 

connected directly across the output transformer. 
But, if the switch positions are reversed, we have a 
bridge circuit with the resistors in one set of 

opposite arms and the coil/capacitor/bulb elements 

in the other set. 

Now let's examine the 
tone compensation part of 
the circuit. The coil/cap-

acitor parallel resonant 
circuits are designed to 
resonate at about 40 Hz. The 
values of the resistors in the 

other arms of the bridge are 
selected to have an 
impedance quite different 
from that of the parallel 

resonant circuit at 40 Hz. So 
in the frequency range below 

roughly 100 Hz, the bridge 
becomes unbalanced and a 

higher voltage appears 
across the voice coil, 
thereby accentuating the 
bass response. As the 
audio frequency increases 
well above 100 Hz, the 
impedance of the capacit-
or becomes less and less, 
such that the series 
impedance of the parallel 
resonant circuit quickly 
becomes negligible com-
pared to the resistance of 
the bulb filament. 

The resistance of the 
bulbs, even when cold, is greater than the 
resistance of the resistors in the other arms, so the 
bridge is always slightly off balance. As the bulbs 
light, their resistance increases, throwing the 

bridge further out of balance. By choosing the 
right values of all the components, the bridge can 

be made to be near balance for soft passages when 
the signal applied between points A and B is 
relatively small. Since the bridge is near balance, 
the signal applied to the voice coil will be 
diminished for the soft passages. 

But, as the signal increases, more current flows 
through the arms containing the bulbs. The bulbs 

warm up, throwing the bridge further out of 
balance and increasing the signal applied to the 

voice coil. The louder the passage, the more out of 
balance and the more signal applied, hence loud 

passages are accent-
uated. Because there is 
some loss in the bridge 
circuit, the radio had to 
have sufficient output 
power to overcome 
these losses and still 
have plenty of volume 
when the Auto 
Expressionator was 
switched on. 

Fig. 2. The complete Auto Expressionator circuit 
with bass compensation included. 

OUTPUT 
YRA.Perofflere 

OF 
RECEIVER That's the theory. A 

good example of a 

radio employing this 
circuit is the Crosley 
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Fig. 3. Chassis layout of the Crosley Model 1155. The Auto 
Expressionator lamp bulbs (items 2A and 2B) are just below 

the 6F6 tube in the upper left corner. 

Model 1155, an expensive 11-tube set shown 
beginning on Crosley page 7-69 in Rider. Fig. 3 

shows the chassis layout for this set. Note items 

2A and 2B just below the 6F6 tube in the upper left 
corner of the sketch. These are the two bulbs in 

the bridge. A portion of the schematic showing the 
Auto Expressionator in this radio is 
reproduced in Fig. 4. While it doesn't 
look quite like Fig. 2, it really is the 
equivalent. Instead of having a separate 
coil and capacitor in each of the two 

opposite bridge arms, this radio uses a 
two-winding transformer for the 
inductances and a single capacitor in the 
secondary that resonates with both coils. 
The capacitor is part 36 near the top of 

the figure and the transformer is part 79 
just below it. The two bulbs are parts 2A 

and 2B in the center of the figure. Part 
74 is the switch that turns the Auto 
Expressionator on and off. 

The service manuals of that era say 

that if the bulbs burn out, you must 
replace them with identical bulbs, 
otherwise the volume expansion will not 
work properly. Presumably, you would 
have had to write to Crosley to get 

replacements, since I have never seen 

Crosley exact replacement bulbs listed in 
any of my old parts catalogs. If you were 
to run across spare bulbs of this type in 

your junk box that were not in the 

original Crosley boxes, you would probably 
assume they were ordinary flashlight bulbs. 

1 am guessing that these bulbs had long life 

since they were lit only during loud passages. 
If you have one of these sets and find the 
bulbs burned out, you can still operate the set 
normally with the Auto Expressionator Switch 
off. You could probably use an ordinary bulb 
of a comparable filament resistance and the 

radio would still play in the Auto Expres-

sionator mode, but without the right 
temperature coefficient filament, the volume 

expansion would likely not work right. In 
principle, it should be possible to make a 
replacement for the bulb by locating some 
wire with a high temperature coefficient and 

winding it non-inductively on a suitable form, say 
a glass rod, until the cold resistance was 
comparable to that of the original bulb. (This 
assumes you can find someone with an original 

bulb to tell you what the cold resistance is.) 

Fig. 4. Partial schematic of the Crosley Model 1155. The Auto 
Expressionator bulbs are items 2A and 2B. Bass compensation is 

provided by transformer 79 and capacitor 36. 
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On some of the less expensive Crosley 
models, a simpler volume expander circuit 
without the bass compensation was used. 

An example is the Model 1016 (Rider, 
Crosley page 7-63 and following). Fig. 5 
shows a portion of the schematic. Item 65, 

between the 6N6 output tube and the 
loudspeaker, is a dual variable resistance 
element, although in this set, the two 
elements are wired together. This is a 

glass tube that fits into a standard tube 
socket, and goes by Crosley part number 

W41187. 

In these sets, the less elaborate volume 
expansion circuit was usually referred to 
as the "Phantom Conductor." Item 65 was 
called the Phantom Conductor tube and the 
switch to its left, item 68, was the 
Phantom Conductor switch. Like the 
special bulbs in the Auto Expressionator, 
the Phantom Conductor tube would be 

very difficult to find if you had to replace 

one. 

Other examples of Crosleys that used 
volume expansion are the Models 816, 

916, 955, and 1316. By the time of World War II, 
Crosley, like most other manufacturers, was trying 

to cut costs, and fancy circuits like the Auto 
Expressionator and the Phantom Conductor fell by 

the wayside. 

I have never actually restored one of these 
Crosleys. My information comes strictly from old 
literature. It would be interesting to see a plot of 

Fig. 5. Partial schematic of the Crosley Model 1016. The 
Phantom Conductor tube is item 65, just above the loudspeaker. 
• • It 73 

the frequency response of the audio section in a 
Crosley employing the Auto Expressionator 
circuit. If you have had any interesting 

experiences working on these sets, finding 
replacements for Auto Expressionator bulbs or the 

Phantom Conductor tube, or have done a response 

plot for the audio section, write to us! 

MORE TIDBITS 

Jeu.eu.fectiiit 

A new report out of Tokyo states that the rage there among kids is a little Game-Boy electronic hand-

held game featuring animated screaming monsters that attack each other in response to the operator's 
thumb-ball controls. The monsters are replicas of popular TV kids' programs' animated stars. Since over 

700 million of the Game-Boy things have been sold, the TV programs have become even more popular. 

So popular, in fact, that children who miss seeing an episode of the program on TV in the evening are 

subjected to severe punishment by their peers, punishment ranging from derisive name-calling to broken 
bones. What happened to Japanese stoicism? 

Happy anniversary to Frank Harden, morning star on Washington radio station WMAL, who celebrated 

his 50th anniversary with WMAL on Christmas Eve. With his late long-time partner, Jackson Weaver, he 
became a fixture in most Washington area homes each morning. 
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ectc9iir CLASSIFIED ADS Itc;ictçeçs9 
Radio Age ads, limited to 100 words or fewer, are 

free to MAARC members, but, please, not more than 
one ad per member per month. All ads subject to 
editing, and ads will not be repeated unless re-sub-

mitted. Send ads to either editor listed on  
masthead on wise 2. Deadline for all ads for any 
issue is 10th of the previous month (in editor's hands).  

No telephone ads, please 

Join the 

AWA 
ANTIQUE WIRELESS ASSOCIATION 
THE ORIGINAL AND LARGEST HIST-
ORICAL RADIO-COLLECTOR GROUP 

• Publishes Old Timer's Bulletin with: 
- Battery and AC receiver restoration 
- Vacuum-tube history and collecting 
- Old-time amateur-radio contests 
- Communications receivers r"-) 
- Free want-sell-swap ads 
- Early television 
- Horn loudspeakers 
- Reviews of current books 
- Keys and land- line telegraphy   
News of U. S. and foreign clubs 
- Information on public radio musuems. 
• Maintains unique radio-TV museum. 
• Produces the annual Rochester meet. 
• Co-sponsors local meets. 
• Publishes the annual AWA Review. 

Membership is only $ 15 per year ($27 for two 
years, $ 18 per year for overseas). Mail check to: 

Antique Wireless Association, Inc. 
Box E-1 , Breesport, NY 14816 

AWA 

For Sale: A few mint copies of Roger Handy's terrific 
transistor radio book, Made in Japan; book is very 
colorful, and will guide you to which radios to seek at 
flea markets, etc., $35 each; for an additional $ 10, I will 
enclose a copy of Phil Collins' book, Radios Redux, 
another beautiful book of photos of rare radios. Add $5 
for S&H. Maurer Television, 29 South 4th St., 
Lebanon, PA 17042; (717) 272-2481. 

For Sale: E.H.Scott "Laureate" radio-phono in 
mahoghany cabinet, good chrome, working cond., $500; 
Advent Model 100 Dolby noise reduction unit, $75. 
Milt Margolis, 6500 Harwood Court, Springfield, 
VA 22152; (703) 451-4507. 

Sale: Many of your favorite old time radio shows are 
available on tape cassettes. You select the shows you 
want and purchase them by the hour. Fast, friendly 
service. Send for our catalog listing over 5,400 shows 
arranged by category and title. Only $2.00 (P&H). 
Send request to: Erstwhile Radio, PO Box 2284, 
Peabody, MA 01960. 

Services Offered: Professional restorations for all 
antique table radios, consoles, cathedrals, tombstones, 
battery sets, comm receivers, amplifiers, and auto radios 
• Complete overhauls • Lacquer-sprayed, hand-rubbed 
cabinet refinishing • Reasonable rates • Free estimates • 
UPS/USPS/FEDEX shipments OK. All work guar-
anteed. Also buy/trade/ sell/find radios/parts. Bob 
Eslinger - Antique Radio Restoration & Repair - 20 
Gary School Rd., Pomfret Center, CT 06259; (203) 
928-2628, 10 a.m.-7 p.m., Tue-Sat.; 
e-mail: radiodoc@neca.com; 
web: http://www.neca.com/—radiodoc 

Wanted: Really need that chassis for the "Little Giant" 
mini-cathedral; also need crystal detector, headphones, 
and current-squared meter for Kolster type D 
decremeter; also need speaker for my Philco 70 
grandfather clock-radio and parts for my Tarleton 10 
transistor radio. Thanks. Michael Crain, 3 Hillside 
Avenue, Harvey's Lake, PA 18618-9782; (717) 639-
2794; mcrain1952@aol.com. 

For Sale: Complete amateur station: Yaesu FT-301D 
transceiver ( 160 to 10 meters solid state digital), FL- 110 
linear amplifier, FP-301D power supply, mike, low-pass 
network, manuals, cables, give-away at $275; also 
Hallicrafters S-38B, restored, $50. Kenneth Pearson, 
400 Oxford Rd., Greenville, NC 27858; (919) 756-
4702. 

OBITUARY: We have just learned that MAARC 
member and Radio Age contributor Dick Mackiewicz, 
of Coventry, CT, has passed away. He wrote articles for 
this journal as well as AWA's OTB. We will miss Dick, 
and wish his family our sincere condolences. 
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For Sale: Tower Model 28 cone speaker, exc. cond., 

$65; Clinton 7-tube, 3-band, tombstone radio, $75; 

Crosley 51 with tubes and manual, $95; 4-tube 
homebrew, nice, $45; 2-tube homebrew, with 199s, $60; 

1-tube, 3-dial homebrew, $45; 1-tube homebrew, lots of 

binding posts, $40; AK double detector, reproduction, 

exc. cond., $ 100; Revere 400 portable radio, leather, 
$60; Radiola AG814 loop, $65; Duo-Spiral folding loop, 
$85; Zenith 6D015 portable radio, $30; Federal loop 

antenna, $75; Radiola 100A speaker, v. good cond., $35; 
all above plus S&H. Wally Worth, 2 W. Elm Avenue, 
Wollaston, MA 02170; (617) 479-4512 (before 9 p.m. 

EST). 

For Sale: Collection of QST, 250 issues, total, from 

1920 through 1975. Harry Mills, K4HU, 631 4" 
Avenue West, Hendersonville, NC 28739; (704) 693-
7519, or millsjr@bigfoot.com. 

Wanted: New in box, mint and near-mint US and 

Japanese plastic pocket and coat-pocket transistor sets, 
1954-1962. Serious collector will pay very best prices 
for exceptional quality. Looking for Automatic, Barlow, 

Boy's Radio, Candle, Crown, Dewald, Emerson, Global, 
Harper's, Hitachi, Hoffman, Marvel, Mitsubishi, Pacific, 
Petite, Raytheon, Realtone, Regency, Sony, Standard, 
Star-Lite, Sylvania, Toshiba, Viscount, Zenith, Zephyr, 
and others. Call Sun.-Thurs., 6-8 p.m., or ship with 
confidence. Must have perfect or near-perfect cases. 
Paul Farmer, 3005 School St., Alexandria, VA 22303; 

(703) 960-0650. 

Your Ad here will sell or find that item of interest. 
Mention Radio Age when you respond to ads. 

For Sale: Made in Japan, color photoguide to rare 
Japanese transistor radios, NOS copies, $30 ea, or 2 for 
$50, or will trade for old radios, TV program guides, 

etc; also have 5 old reel-reel mini-size tape recorders, all 
for $50 plus postage; also some older TV sets. Donald 
Maurer, 29 South 4th St., Lebanon, PA 17042; (717) 

272-2481. 

For Sale: High quality Workman oscilloscope made for 

Navy, Model 0S8G/U, $50; IRC 4-drawer, metal 
display cabinet, $45; RCA tube caddy, good, $50; Eico 

tube checker, Model 666, $60; GE tube checker, Model 

TC-3A, $45; RCA TV/FM sweep generator, WR69A, 
$30; Heathkit color bar and dot generator, Model CD- 1, 
$40; Heathkit 'scope, Model 10-21, $45; HP Model 
400H VTVM, $30; Hallicrafters SX-110, $ 100; National 
NC-60 Special receiver, $75; Heathkit Model SG-8 
signal generator, $30. All plus UPS. Stephen L. 
Bonin°, 107 Georgetown Road., Glassboro, NJ 
08028; (609) 881-0244. 

For Sale: Zenith 1000-1 Trans-Oceanic in excellent 

cond., $ 125; pick-up only. Dale R. Johnston, 1305 
Guadelupe Drive, Westminster, MD 21157; (410) 
848-5279. 

For Sale: RCA Victor RE-45 console, $70.00; Kolster 
K22 console, $60.00; Mitchell # 1252 "Nocturne", 
$30.00; many more radios; I also have tube hi-fi 

components, books, magazines, product literature, 
manuals, and service info. Please send a 2-stamp 

LSASE for complete lists. David Crowell, 40 
Briarwood Road, North Scituate, RI 02857. email: 
aq253@osfn.org 

FOR THE RECOUP 

The December meeting of the Mid-Atlantic Antique Radio Club was held on the 14th at the New Hope 
Church Gymnasium. Ted Hannah's head count came to 75 members and guests present, but the 

auction count netted over 80 present, drawing in some who were outdoors earlier in the meeting. Charlie 
Rhodes presented the art and equipment of electrolytic capacitor re-forming. There were five show-and-
tell presentations, chaired by Willie Sessoms, and the auction netted MAARC about $208. In addition, 
tube sales of $ 117, capacitor sales of $ 148, and entrance donations/50-50 of $97 helped refurbish the 
treasurer's coffers. The new Radio Age printer costs a few dollars more each month, but the paper and 
print quality is outstanding. 
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Charles Rhodes, MAARC Veep and Program Chairman, needs to know what programs most interest the 

members who attend MAARC monthly meetings. For you who attend the meetings, please fill out the 

form here, and send it to Charlie, whose address is on page 2. If you don't want to cut up Radio Age, 
photocopy the form first. Or, contact Charlie via e-mail, also on page 2. 

3. I would like to learn more about radio 
I. I want to learn more about: repairing, including: 

IIMIESTIIIMMAIIIIII 

Radio Technology Radio Repair 
 a) Yes  a) Yes 
 b) No  b) No 

2. My interest is in the historical side of: 
 a) Radios 
 b) Radio Manufacturers 

 c) Radio Inventors / other contributors 

a) Signal tracing 

b) Alignment 

c) Use of an Oscilloscope 
d) Use of Voltmeters, other instruments 

4. I am interested in the following: 

111 -111L5 W 1/411 
Recapping 

Calendar 

MAARC News Tidbits 

The Crosley Auto Expressionator 

Bruce Kelley Obituary 

Classified Ads 

o gel0 iligt: 
Ed Lyon 

MAARC meets and hamfests 

from all over 

Brian Belanger 

Ludevell Sibley 

and more! 

Mid Atlantic Antique Radio Club 

Barry Zimmerman, Membership Chairman 

5825 Woodwinds Cir. 

Frederick, MD 21703-7579 

Lielm ilmiLifisiiiiiiiiinililismillimillwiliseil 

Bruce Shetrone 9811 
1817 Cremen Rd 
Pasadena MD 21122-3304 

Bulk Rate 
Postage Paid 

Buckeystown, MD 
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