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R estoring this 1940 Philco console involved some 
interesting issues, and so I decided to share what 

I learned with Radio Age readers.  
 
I purchased this radio about twenty years ago. It has 
been in my basement ever since. I have admired it 
many times, saying, “One of these days I should 
work on that nice Philco.” (Sound familiar?) The 
cabinet was in excellent condition, the chassis was 
very clean, and the original grille cloth was clean and 
without flaws. Given its overall condition, I had 
envisioned it to be a straightforward restoration job. 
What forced me to tackle the job now was that I had 
been chatting with a visitor at the National Capital 
Radio & Television Museum. He was fascinated by 
1930s console radios. I invited him to visit my home 
to see my collection. During his visit he admired my 
Philco and wanted to buy it if it could be made to 
work. I promised him that I would work on it, and 
that the proceeds of the sale would go to the National 
Capital Radio & Television Museum. That is what 
happened. 
 
The radio is an 11-tube model in a wider-than-usual 
attractive cabinet (Fig. 1). It has a stage of RF ampli-
fication (originally a type 1232 tube, which had been 
replaced with the equivalent 7G7), a large speaker, 
push-pull 42 output tubes, and negative feedback 
from the secondary of the output transformer to the 
tone and volume controls to reduce distortion. 

Figure 1. The Philco 40-201XX. The arrow shows 
where the on-off toggle switch is located. 

The bandswitch has four positions. The first position 
enables the eight pushbuttons. The second position is 
for the AM broadcast band, up to 1500 kHz. The 
third is for the “Police Band,” 1.5 to 4 MHz, so 
broadcast stations at the high end of the current AM 
broadcast band have to be tuned in on the police 
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band. The fourth position is a shortwave band 
covering the 6 to 18 MHz range. 
 
A 7A6 (dual-diode) serves as the detector/AVC tube, 
and the first audio stage uses a 7C6 tube (dual-diode/
triode) (Fig 2). It is unclear to me what the advantage 
is, if any, in using these two separate tubes when a 
single-tube detector/AVC/first audio should have 
worked just as well. I mentioned this to Ed Lyon, 
who noted that some manufacturers used separate 
tubes in cases where delayed AVC was used and they 
wanted to have different biases on the tubes. In this 
case both tubes have grounded cathodes. Philco 
engineers may have recognized that they gained 
nothing by using two tubes here, because the Model 
40-201 Code 122, which is very similar to mine, kept 
the 7C6 but eliminated the 7A6 tube. Some radio 
manufacturers (e.g., Midwest) used more tubes than 
necessary because they thought it increased sales and 
profitability, but Philco was usually not guilty of that 
approach. 
 
When I removed the chassis, I was surprised to find a 
toggle switch resting on top  of the chassis. Tracing 
the wires from it to underneath the chassis, it was 
obvious that it was the on/off switch. I had never 
before encountered a high-end 1930s console with a 
toggle switch rather than the on/off switch attached to 

the volume control or tone control. I recall having 
worked on a 1939 Philco console, with a cabinet and 
dial mechanism that looked almost identical to this 
one, and it had the more typical on/off switch in 
conjunction with the volume control. My initial 
reaction was that a previous owner must have 
replaced a failed original on/off switch with this 
toggle switch. I examined the volume control, tone 
control, and the dial mechanism for evidence of a 
missing switch, but could see nowhere where it might 
have been located. I also noted that the switch was 
open, and would need to be replaced. 
 
I posted on the MAARC list serve the question of 
where the on/off switch had been located on this 

Figure 2. A portion of the schematic. Note how the design uses a 7A6 detector and 7C6 first audio, when a lone 
7C6 could have done both jobs. Note also the tap on the voice coil winding of the output transformer that 
provides a negative feedback signal to the slider of the tone control and the bottom of the volume control to 
reduce distortion. 
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model. Thanks to Joe Strickland, Dan Koczur, and Ira 
Wexler, the mystery was quickly solved. The toggle 
switch in mine was the original. Its proper mounting 
place is underneath the front lip of the cabinet, as 
noted in Fig. 1. I never would have thought to look for 
a switch hidden in that unusual location, but once I 
peered into the cabinet with a flashlight, I found its 
mounting hole. These helpful colleagues also called 
my attention to information about this model posted 
on the Philco Phorum (philcoradio.com/phorum), a 
great source of information about Philco radios. I had 
heard of that website, but had not thought to check it 
until they reminded me. 
 
A previous owner must have removed the toggle 
switch from its mounting (perhaps because it had 
failed) and left it lying on top of the chassis just to 
confuse me. This switch penetrates a thick part of the 
cabinet and so its threaded shank is much longer than 
a typical toggle switch. Of course I could not contact 
the Philco distributor to order a new factory part. My 
junk box had lots of toggle switches, but none with a 
threaded shaft sufficiently long. I took the longest one 
I could find. While its handle protruded far enough 
out of the hole to be operational, there was insuf-
ficient clearance to thread a nut on it to hold it in 
place. Rather than drill into the cabinet to accommo-
date a nut, I used a bracket inside the cabinet to hold 
the switch tightly in place (Fig. 3). 
 
The next task was to replace the damaged red pilot 
light protruding through the front center of the 
cabinet. The original pilot light used a 6.3-volt bulb 
operating off the filament wiring. It ran very hot in its 
confined space. When my neighborhood Radio Shack 
had its “Going Out of Business Sale,” I bought quite a 
few small parts for my junk box. Among them was a 
modern 110-volt red LED pilot light that turned out to 
be just the right size. I wired it across the power 
transformer primary instead of in the filament circuit. 
Like the too-short shaft on the toggle switch, the 

threaded portion on the pilot light was too short for 
the thick piece of wood it had to penetrate. So, again, 
I came up with a cobbled-up solution. I wrapped a 
thick band of electrical tape around its wires and used 
a clamp over the wires to secure the pilot light 
assembly in place. I also put an insulated two-prong 
connector in series with it so as to make it easy to 
disconnect whenever the chassis had to be pulled out. 
(And, before I had everything working well, I had to 
remove and replace the chassis several times.) 
 
When I turned over the chassis to inspect it, I found 
what I feared might be the case. Many circa 1940 
Philcos used rubber-insulated hookup wire, and 
usually the insulation is crumbling. Sigh! Most of the 
wiring would have to be replaced. The IF transformers  
had to be disconnected and rewired to ensure that 
their wiring would not short to the metal can (Fig. 4). 
 
When I restore a radio with a power transformer, I 
always install a 2-amp fuse underneath the chassis to 
protect the transformer in case a short should ever 
develop, and I did so here. The line cord was brittle, 
so I replaced it. 
 
I replaced all of the wax/paper and electrolytic 
capacitors. Roughly 30-40 percent of the resistors had 
to be replaced because they were too far out of spec. I 
was pleasantly surprised that all the tubes tested good. 
 
The Philco Phorum mentioned that the output 
transformers in these radios often open circuit because 
they were wound with unusually fine wire. The 
transformer in my radio was open. One complexity 
here is that this transformer has a secondary tap that 
provides a negative feedback signal to the tone and 
volume controls to help reduce distortion (Fig. 5). 
Here again, it would have been nice to be able to 
contact the Philco distributor to obtain an exact 
replacement. I would have to use a standard replace-
ment transformer without a feedback tap and worry 
later about how to deal with the feedback circuit. 

Figure 3. The original on/off toggle switch, with its 
unusually long shaft (left), and the replacement 
switch with the bracket used to secure it in place 
(right). The two unused contacts on the left of the 
replacement switch were removed. 

Figure 4. The wires to the IF transformers were 
frayed right where the wires exited the can, so I 
replaced all of them to avoid possible shorts to 
ground. 



Radio Age  December 2016 Attend Winterfest at the NEM, January 15          page 5 

 

Hammond-brand universal out-
put transformers sold by Radio 
Daze (radiodaze.com) are excel-
lent. Push-pull output transform-
ers with multiple taps to match 
any impedance are available in 
several different sizes: 3, 5, 8, 
10, or 12 watts. When replacing 
an output transformer, as long as 
space permits, I like to err on the 
high side for the wattage rating, 
since higher-wattage transform-
ers have more iron in their cores, 
and more iron gives better per-
formance. In this case my parts 
cache had a 5-watt Hammond transformer as well as 
an 8-watt size. The 5-watt size would have been 
adequate, but since there was plenty of room under 
the chassis, I used the 8-watt size (Radio Daze part 
number 125C). 
 
Hammond transformers come with a handy table that 
lists a range of primary impedances and various 
typical voice coil impedances and shows which 
connections on the transformer to use to get the 
proper impedance match. Sometimes the voice coil 
impedance is shown in the service data. If it is not, 
you can measure the DC resistance of the voice coil 
and multiply it by 1.3, which will give a good 
approximation to its AC impedance. Then you can 
look up in a tube manual the proper load resistance 
for the output tube, which depends on the plate 
voltage used. I connected the leads to the recom-
mended taps with the feedback circuit disconnected, 
and the radio sounded fine, with volume to spare, but 
just as an experiment, I tried connecting the trans-
former using different taps just to see how much 
difference it would make. The impedance match had 
to be off by quite a bit before there was a noticeable 
drop-off in performance. So, while it is best to use 
the particular taps recommended for the desired 
impedance match, you can be off somewhat and 
nothing terrible will happen. 
 
Others have had to deal with the problem of using a 
replacement transformer without a feedback tap, and 
the Philco Phorum had documented a solution (Fig. 
5). The schematic shows the feedback tap located a 
short distance of the way up the voice coil winding, 
suggesting that the feedback voltage should be some 
small fraction of the voltage applied to the voice coil. 
In lieu of the tap on the transformer, this can be 
accomplished by putting a resistive voltage divider 
across the output transformer secondary. The total 
resistance of the divider should be high compared to 
the voice coil impedance. Fortunately, I did not have 
to experiment to determine the optimal values of 
resistance to use, because the Philco Phorum recom-

mended using a 68-ohm resistor in series with a 4.7-
ohm resistor and taking the feedback voltage as the 
voltage across the 4.7-ohm resistor. I tried that, and 
the radio worked and had plenty of volume. But, I 
still had to determine whether the phase was correct. 
If the resistive voltage divider is connected the wrong 
way, the radio will have positive feedback rather than 
the desired negative feedback. I noted that the radio 
broke into oscillation when the tone control was 
turned up high, and that strongly suggested that I had 
gotten the phase reversed, giving positive, rather than 
negative feedback. 
 
To make a quantitative determination using a steady 
signal tone, I set up my signal generator to provide a 
modulated signal at a frequency on the dial where 
there was no station, and turned up the volume fairly 
loud. I connected an AC voltmeter through a 0.05 
microfarad capacitor between the plate of one of the 
42 output tubes and chassis to measure the audio 
signal, which measured about 9 volts. Then I shut off 
the radio, switched the leads to the voltage divider, 
and keeping everything the same, repeated the 
measurement. The volume of the steady tone was a 
bit quieter, and the voltage at the output tube now 
measured only 1.4 volts, which confirmed that I had 
had the wrong phase initially, giving positive rather 
than negative feedback. Also, no longer was there 
oscillation when the tone control was turned all the 
way up. 
 
The radio was now playing well, with plenty of 
volume and good quality sound, but I noted that the 
B+ voltage was too high. The output tubes were 
supposed to have a plate voltage of 215 volts but I 
measured 250 volts, with proportionally high 
voltages on the other tube plates and screens. The 
radio was designed for a line voltage of 110 volts, 
and the line voltage at my home is typically 125 
volts. Of course, the tube filament voltages were also 
reading a little high, and that shortens the tube life 
and generates extra heat. Some restorers use a 12-volt 
bucking transformer to reduce the primary voltage on 

Figure 5. Modified feedback arrangement. Left: Original tapped secondary 
on output transformer. Right: Voltage divider used to provide negative 
feedback signal. 
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trying two 7J7s with clean pins, I concluded that the 
socket was bad. In the case of old 4-pin sockets like 
those that hold 01A tubes, if the pins are not making 
good contact, you can often squeeze the contact with 
pliers and restore good contact. In the case of this loctal 
socket, where the contacts are molded in, there is 
nothing you can do except replace the socket. Fortu-
nately, I had a NOS loctal socket in my junk box. With 
the new socket installed, the radio played fine and did 
not cut out. 
 
The plastic pushbuttons in circa 1940 Philco radios are 
nearly always crumbling. Fortunately, excellent re-
placements are available. Larry Bordonaro in California 
provided them for years. More recently, Ed Shutz in 
Indiana has taken over Larry’s business (see his ad in 
this issue). We should all be thankful that pushbuttons 
for these models are still available. Ed also provides 
replacements for the triangular rubber bumpers that 
Philco often used under the corners of chassis of this 
era. The ones on my radio had some minor cracks, but 
by wrapping black plastic electrical tape around them, 
they were salvaged. 
 
I gave the cabinet a once-over with Go-Jo to get any 
dirt or fingermarks off, and it looked almost as good as 
it would have in its Philco dealer showroom in 1940, 

(Continued on page 7) 

the power transformer, but I did not have one handy, 
and there was no good place to install one underneath 
the chassis. Accordingly, I chose to ignore the high 
filament voltage but to deal with the high B+. When 
the B+ voltage is too high or too low, the tube’s 
operating point is shifted from where the designer 
intended it to be, and that can affect performance. 
 
I added up the plate and screen currents, and using 
Ohm’s Law, estimated that it would take about 500 
ohms in series with the B+ to drop the voltage. I 
calculated that such a resistor would need to dissipate 
about 3 or 4 watts. I found a square cross section 25-
watt power resistor of the right resistance in my junk 
box. That was a much bigger wattage than necessary, 
but as long as there is space, using a larger than 
necessary power resistor with more surface area to 
dissipate heat is better than using one that is just barely 
big enough. There was extra room inside the large 
chassis, and so I was able to clamp the resistor to the 
back of the chassis for good heat dissipation. After the 
radio played for a couple of hours, the back of the 
chassis where the resistor was mounted was slightly 
warm to the touch, but you could hold your finger there 
indefinitely without it being uncomfortable. The B+ 
was now back to where it should be. 
 
I followed Philco’s alignment instructions. That made a 
slight improvement in performance. The setting of 
trimmer capacitor C29 has a major impact on the dial 
calibration. To get the dial calibration on the broadcast 
band close to where it should be, I found I had to screw 
in this capacitor as far as it would go (maximum 
capacity), which suggested that it might have changed 
in value so as to have insufficient capacity. I put a mica 
capacitor of a couple hundred picofarads in parallel 
with it, and that helped, so that now I was able to get 
the dial calibration right with the capacitor in the 
middle of its adjustable range rather than at one 
extreme. 
 
At this point I thought I had fixed everything that 
needed fixing. I played the radio for several hours and 
it sounded fine. I set up the pushbuttons for the 
Baltimore stations, because the buyer was near 
Baltimore. I made station tabs on my laserjet printer 
(Fig. 6), cut them out, and inserted them into the little 
slots in the brass escutcheon. 
 
But after several hours, the radio cut out and stopped 
working! I tapped the chassis and it came back on. 
Then it quit again. Frustrated, I pulled out the chassis 
and determined that the 7J7 oscillator had quit. As I 
wiggled the tube in its socket, the problem came and 
went. I tried a new 7J7, but the problem was still there. 
Loctal tubes often develop corrosion or oxidation on 
the pins and I know from experience that you usually 
need to scrape the pins with an emery board to ensure 
that they make good contact with the socket. After 

WCAO 
 
WFSI 
 
WBMD 
 
WBAL 
 
WOLB 
 
WRBS 
 
WJZ 
 
WCBM 

Figure 6. With Microsoft Publisher and a color 
laserjet or inkjet printer, it is a simple matter to make 
replacement station tabs and print them out on stiff 
cardstock. Just set up a text box, use a black font and 
a text box fill color that resembles the original color of 
the pushbutton tabs. (For some radios you may need 
to use a white font on a black or brown fill 
background.) In this case I used a 9-point Arial bold 
font to simulate the look of the original tabs. The 
challenge is to cut them out with a sharp scissors or 
Exacto knife and get them exactly the right size. I had 
to print several duplicate sheets and keep re-cutting 
them until I got the dimensions just right. 
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RadioActivity 2017 
Sheraton College Park North Hotel 

June 15-17, 2017 

and hopefully plays as well as then. Its new owner 
is pleased with it. He brought it home and played it 
for a while. Then he emailed me to say that one 
day, the volume suddenly dropped appreciably. I 
suggested that he wiggle the tubes in their sockets 
one at a time, using a hot pad so as not to burn his 
fingers. He tried that and determined that one of 
the type 37 tubes in the phase inverter circuit was 
the source of the problem. I suggested that he try 
inserting and removing it multiple times in case 
the problem is just contact corrosion. If the 
problem persists, I have offered to take it back. 
Perhaps another tube socket needs to be replaced. 
Ah, the joys of restoring old radios! At least should 
I ever work on another of these Philcos, I will 
know where to look for the on/off switch! ■ 

(Philco 40-201XX—Continued from page 6) 

Plans are now in place for RadioActivity 2017. 
Next June we will be returning to the Sheraton 
College Park North Hotel, just off I-95 between 
Washington and Baltimore. This is NOT the 
hotel we used for the past three years, but rather 
the hotel where RadioActivity was held back in 
2013, and for several years prior to that. The 
dates are June 15 to 17, 2017. We have been 
trying to select dates that do not conflict with 
the ARRL Field Day that so many ham opera-
tors participate in. This year we finally managed 
to avoid that weekend. All the usual fun active-
ities will be featured: flea market, seminars, 
banquet, and auctions. We are lining up some 
excellent speakers. Details and registration 
information will be provided in an insert section 
in the March and April issues of Radio Age. 
 
MAARC has been able to keep the cost of 
attending this event lower than that of most 
other radio meets of this type. MAARC your 
calendar now and plan to attend! 
 
General Electric is the theme for 2017. GE has 
made huge contributions to radio technology 

and has produced many interesting radios. Geoff 
Shearer will be in charge of the Old Equipment 
Contest. We are trying some new contest 
categories this year to make things interesting. 
Questions regarding the contest should be 
referred to Geoff (gshearer2@verizon.net). 
 
Contest Categories 
 
1. GE radios pre-1936  
2. GE radios post-1935 
3. GE ephemera 
4. Four-tube radios 
5. Early battery radios 
6. Tiny cathedral and tombstone radios of the 

1930’s, less than 13 inches tall 
7. Hi-Fi and audio equipment 
8. Pre-WWII European radios 
9. Speakers and headphones 
10. Red radios 
11. Clock/radios 
12. Advertising 
13. Vacuum tubes 
14. Novelty radios 
15. Open category 
 

You never know what will turn up at RadioActivity Old 
Equipment Contests. Last year the theme was 
Western Electric, and this prototype Bell System 
picture phone showed up. Where else could you see 
something as rare as that? 
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T here are several fine radio museums east of the 
Mississippi. Among them is the excellent Radio 

Technology Museum located at Info Age in Wall
(Belmar), New Jersey: 
 
Info Age 
2201 Marconi Road 
Wall, NJ 07719 
732-280-3000 
infoage.org 
 
I visited Info Age several years ago, and had reason to 
visit again this October. It is well worth going out of 
your way to see. Current hours are Wednesday, 
Saturday, and Sunday from 1 to 5 p.m. The illustra-
tions that accompany this article provide examples of 
the kinds of exhibits that visitors to the Radio 
Technology Museum can enjoy. 
 
The official name of the complex is the Information 
Age Science History Museum and Learning Center. 
Its mission is to Preserve, educate, and honor 
scientific innovation and history to inspire new gener-
ations of thinkers, dreamers and visionaries. 
 
In addition to the Radio Technology Museum, Info 
Age includes several other interesting components: 
 
 The Vintage Computer Museum 
 The Museum of Military Technology 
 The New Jersey Shipwreck Museum 
 The Electronics Warfare Museum 
 The WWII Diorama Museum 
 The National Broadcasters Hall of Fame 
 
One can easily spend a whole day taking them all in. 
The site, which is listed on the National Register of 
Historic Places, and is a State-designated WWII 
Living Memorial, is of special interest to radio histor-
ians. In 1914 American Marconi established a trans-
Atlantic receiving station here. A hotel was built on 
the site to accommodate Marconi’s crews. The old 
hotel is being refurbished for offices and exhibits. It 
featured an WWII art exhibit on the first floor the day 
I visited. 
 
When Marconi’s trans-Atlantic radio-telegraph busi-
ness wound down, the U.S. Army acquired the site, 
made it a sub-post of the Signal Corps’ nearby Fort 
Monmouth, and named it Camp Evans. It was 
particularly important during WWII when, among 
other things, it was used for radar development. When 
the Defense Department concluded that it no longer 

A Visit to Info Age 
By Brian Belanger 

This exhibit features loose couplers and other early 
radio gear. 

The Marconi Hotel at Belmar about the time it was 
built. The building still stands, and is next to the 
Radio Technology Museum building. 

needed Camp Evans, the property was transferred to 
Wall Township. That occurred in 2006, and then the 
Township signed a lease arrangement with Info Age, 
an IRS 501(c)(3) organization. Info Age had been 
incorporated in 1998 in anticipation that the site 
would soon become available. Info Age then nego-
tiated agreements with the several organizations that 
wished to make use of the abandoned buildings on 
the site. (The radio museum started in 2004.) As each 
organization acquired the use of a building, it had to 
commit great amounts of volunteer time to clean up 
mold, put in new electric wiring and wall board, 
repair windows, etc. It has been estimated that more 
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than two million hours of volunteer time have already 
been contributed by the organizations that currently use 
the site. Members of the New Jersey Antique Radio 
Club provided the labor to create the Radio Technology 
Museum and continue to provide volunteers to staff it.  
 
The National Capital Radio & Television Museum in 
Bowie, Maryland, (founded by MAARC), has cooper-
ative arrangements with other museums, including the 
Radio Technology Museum at Info Age. When the 
NCRTV Museum has surplus property, it notifies other 
museums that may have an interest in the items. 
MAARC member Ray Chase is one of the founders 
and loyal volunteers at Info Age. Ray determined that 
the Radio Technology Museum could make use of 
good two items of surplus property from the NCRTV 
Museum (a console wire recorder and a radio/
phonograph/record cutter). I planned to be driving 
north through New Jersey in October, so it was a 
simple matter for me to drop off these items at Info 
Age. That provided a pleasant opportunity to visit with 
Ray and enjoy the Info Age’s radio museum for a 
second time! ■ 

This exhibit includes attractive 1930s consoles. 

The Museum has a fine collection of WWI era radios. 

Classic communications receivers are found in this 
section. 

1920s radios are featured in this corner of the 
museum. 

In this section, cathedral and tombstone radios are 
exhibited. 
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Websites 
 
John Okolowicz called our attention to 
an interesting website. George H. Clark 
was an avid collector of radio history 
information (catalogs, company records, 
lab notebooks, newspaper articles, and 
more). His huge collection ended up in 
the archives at the Smithsonian’s 
National Museum of American History. 

The George H. Clark Radioana Collection includes 700 
record boxes of materials from the early days of radio. 
Serious scholars may request permission to use this 
material for research. Most of us will never go to the 
Smithsonian and take the time to look through 
hundreds of boxes of material, but a comprehensive 
finding aid is available on line that lists what is in each 
box. The 235-page finding aid also contains informa-
tion about Clark as well as nice summaries of the 
history of major companies involved in early radio 
(e.g., Marconi, RCA, NESCO). You can find it at 
 
http://americanhistory.si.edu/archives/AC0055.pdf 
 
Here are three other websites worth checking out: 
 
americanradiohistory.com 
 
This website contains pdf scanned versions of 
thousands of radio and TV books and magazines. It has 
an amazing quantity of material. If you need to see an 
article from an old magazine, that is the place to check. 
 
theoldradiofixerupperguy.com/dial%20cord.html 
 
That website provides dial-stringing information. 
 
https://www.youtube.com/watch?v=b--FKHCFjOM 
 
In that You Tube video you will see a very interesting 
1943 film showing how piezoelectric crystals for radio 
applications are manufactured. 
 
A Marconi Statue in DC! 
 
Gene Gardner wrote to call our attention to an item by 
Washington Post columnist John Kelly (p. C3, Oct. 2, 
2016). Kelly noted that at the corner of 16th and 
Lamont Streets, NW, in DC, is an impressive 
monument to none other than radio pioneer Guglielmo 
Marconi. The monument contains a bust of Marconi as 
well as a gilded nude woman symbolizing electricity. 
Marconi died in 1937. His fans established the Marconi 
Memorial Foundation and raised money for the statue. 

 Tidbits 
President Franklin Roosevelt approved its erection in 
April 1938. By the time it was completed and 
dedicated in 1941, there were misgivings because 
Marconi had supported Mussolini, but the statue was 
dedicated anyway. Kelly noted that sometime around 
1950 students from the Capitol Radio Engineering 
Institute climbed to the top of the statue and put a bra 
on the nude woman. If you are driving through DC you 
might want to stop at this intersection and take a look 
now that Miss Electricity is naked once again. 
 
Fallfest Enjoyed by All 
 
A large crowd of radio aficionados from as far away as 
Florida attended this annual event on a sunny and 
warm fall day. The flea market buzzed with activity. 
While some high-end items sold for big dollars, the 
huge auction (that included a couple of estates) 
provided some real bargains for bidders, especially 
those who stayed until the bitter end.  
 
In addition to the usual antique radio offerings, the 
auction included Hi-Fi tuners and amps, test 
equipment, ham radio gear, parts, tubes, and books. ■ 

The Fallfest auction included  so many consignment 
items they were piled two deep on the tables. 

Auctioneer Steve Hansman calls for bids. 

https://www.youtube.com/watch?v=b--FKHCFjOM
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The General Electric Colorama Tuning System 
 
The circuit diagram of the Colorama tuning indicator 
used in a number of General Electric receivers is 
shown in Fig. 1. The A.V.C. voltage developed by 
the diode detector in the receiver is applied to the 
control grid of an ordinary type 6C5 triode tube 
(designated as the Colorama tuning indicator tube). In 
the plate circuit of this tube is the primary of the 
Colorama tuning reactor (an iron-core transformer) 
while across the secondary of this transformer is an 
arrangement of three green lamps in series and four 
red lamps in series-parallel, connected as indicated in 
Fig.1. Condenser C52, across the primary of the trans-
former, serves to filter out any A.F. components in 

the A.V.C. voltage; R28 and CSS are power pack supply 
filters. 
 
When the A.V.C. voltage is low or zero, as it is when 
the receiver is tuned off resonance or between 
stations, the C bias on the 6C5 tube is zero, and D.C. 
plate current for this tube is therefore quite high. 
This high plate current flowing through the primary of 
the Colorama tuning reactor saturates its iron core. 
This core saturation lowers the reactance of the 
secondary winding, so that it is practically a short-
circuit path for 60-cycle alternating current. Under 
this condition the green lamps are in effect shunted by 
the 15-ohm resistor R30, and the current which is sent 
through the bank of red lamps and R30 by secondary 

winding S on the receiver power trans-
former is high enough to light all of the 
red lamps. We thus have the red lamps 
glowing whenever the A.V.C. voltage is 
reduced by tuning between stations. 
 
Now let us see what happens when a 
station is tuned in. Tuning the receiver to 
resonance increases the negative A.V.C. 
voltage applied to the grid of the 6C5 
tube, and the plate current of this tube 
drops. The core of the Colorama tuning 
reactor becomes less saturated as primary 
current drops, and consequently the induc-
tance of secondary winding L28 increases. 
The reactance of this secondary winding at 
60 cycles is correspondingly increased, 
reducing the shunting effect of R30 and thus 
increasing the resistance of the entire 
circuit across transformer winding S. Less 
current now flows through the red 
lamps, and they begin to grow dim. 
 
At a critical negative A.V.C, voltage, full 
current (0.150 ampere in this case) flows 
through the green lamps, lighting them 
brightly, while the current through a red 
lamp is only half of the circuit current, 
because of the series-parallel connection. 

Rarely Encountered Tuning Aids 
The General Electric Colorama System, 

The Silvertone Neon Lamp Flasher, 
and the Grunow Zero-Beat Indicator 

 
[Philco’s shadowgraph tuning indicator, Allen B. DuMont’s magic eye tube, and the Fada Flashograph tuning 
indicator are three examples of devices developed to help consumers tune in a station accurately. Still other 
schemes are sometimes encountered in radio restoration. This article deals with three less well-known approaches 
by reproducing material from the National Radio Institute’s correspondence course booklet Number 31FR-1 from 
1952. – Editor] 

Figure 1. The Colorama tuning indicator used in General Electric 
Models E-101, E-105, and E-106 receivers. The green lamps light 
up when the receiver is properly tuned; red lamps illuminate tuning 
dial whenever receiver is off tune. The reactance values given here 
for the primary and secondary (L27 and L28) of the Colorama 
tuning reactor are for 60 cycles A.C. Ohmmeter measurements will 
therefore give considerably lower values. 
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Resistor R30 controls the maximum current which can 
flow through the red lamps when the receiver is off-tune, 
while resistor R29 controls the current which the 
green lamps can draw when the receiver is tuned to a 
station and also controls to a certain extent the current 
for the red lamps. These resistors must be properly 
adjusted if the red lights are to illuminate the station 
selector dial when the receiver is off resonance, and 
the green lights are to illuminate the dial when the 
receiver is at resonance.  
 

Neon Lamp Flasher Indicator 
 
A single neon lamp connected into a circuit which 
causes it to glow only when a station is tuned in, 
serves as the tuning indicator for a number of 
Silvertone receivers. The circuit diagram is shown 
in Fig. 2; an ordinary I.F. transformer with weak 
coupling between the tuned primary and tuned 
secondary is connected between the primary of the 
last I.F. transformer and the 6B7 duo-diode-pentode 
which is designated as the flasher tube. Primary 
circuit L1-C1 of this extra I.F. transformer forms a 
series resonant circuit which is connected across 
condenser C in the last I.F. transformer circuit, with 
the result that the small I.F. voltage drop across 
condenser C is applied to L1-C1. At resonance this 
series resonant circuit acts as a low resistance, and 
hence does not affect the plate load of the last I.F. 
stage. Loose coupling between L1 and L2 insures 
higher selectivity for resonant circuits L1-C1 and L2-
C2 than could be secured in the I.F. amplifier, for 
we are not concerned with fidelity in the tuning 
indicator circuit. 
 
The I.F. voltage developed across resonant circuit L2-
C2 is rectified by the diode section of the 6B7 flasher 

tube, and a rectified voltage is developed across the 1-
megohm diode load resistor. The control grid of the 
pentode section is connected to the negative terminal of 
this load resistor. 
 
The plate of the pentode section receives its D.C. 
voltage through 130,000-ohm resistor R; between the 
plate and the cathode is the flasher neon lamp which 
glows only when its terminal voltage exceeds a definite 
value. Furthermore, the terminal voltage of this neon 
lamp is equal to the supply voltage minus the voltage 
drop in resistor R.  
 
When the receiver is tuned off resonance, little or no 
I.F. voltage is applied to the diode section of the 6B7 
flasher tube. As a result, no rectified voltage exists 
across the 1-megohm resistor, the C bias on the 
pentode section is practically zero, and plate current of 
the pentode section is high. This plate current produces 
a large voltage drop across resistor R, making the neon 
lamp voltage too low for it to glow. Since resonant 
circuits L1-C1 and L2-C2 are highly selective, the 
receiver must be tuned exactly to resonance 
before enough I.F. signal can get through these circuits 
to excite the diode section and produce sufficient 
negative voltage across the 1-megohn resistor to reduce 
the pentode plate current to a low value. Reducing the 
plate current reduces the voltage drop across R and 
raises the neon lamp voltage. The lamp therefore 
glows when the receiver is properly tuned to a station. 
When the receiver is tuned rapidly from station to 
station, the lamp flickers each time a station is passed; 
this is why this particular arrangement is known as a 
flasher indicator. 
 

Zero Beat Tuning Indicator 
 

If the I.F. carrier signal produced by the mixer-
first detector of a receiver is mixed with a locally-
produced signal having exactly the correct I.F. 
value, and this mixing occurs just ahead of the 
second detector, an audio beat (low-frequency 
audio note) will be heard in the loudspeaker 
whenever the receiver is improperly tuned to a 
station. 
 
When the receiver is properly tuned, the 
difference between the two I.F. signals will be less 
than 30 cycles, and the beat note will therefore be 
inaudible. When the receiver is tuned off a station, 
there will be no incoming I.F. signal to beat with 
the locally produced signal, and consequently no 
audio beat will be heard. A zero beat indicator of 
this type is entirely satisfactory provided the 
listener does not object to the squeal which 
occurs while tuning in a station. Furthermore, 
this indicator is effective regardless of whether 
the I.F. amplifier is peaked or band-passed. A 

(Continued on page 15) 

Figure 2. Neon lamp flasher indicator circuit as used in 
Silvertone Models 1722 and 1732 receivers. The neon 
flasher lamp glows only when the receiver is tuned correctly. 
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Irving Langmuir and Vacuum Tube Development 
By Brian Belanger 

N ow and then Radio Age issues includes an article 
about people who have made important contri-

butions to the radio art. This article tells the story of 
Irving Langmuir, a researcher at General Electric who 
made important contributions to vacuum tube tech-
nology. 
 
Langmuir was born in Brooklyn, NY, in 1881. Highly 
educated, he received a bachelor’s degree in metallur-
gical engineering from Columbia University in 1903. 
After being granted a PhD from the University of 
Goettingen in Germany in 1906, he taught chemistry 
at the Stevens Institute of Technology. In 1909 he was 
hired by General Electric’s research department and 
soon got involved in research on tungsten filament 
light bulbs, which at the time was a growing and 
important business for GE. He made improvements to 
the performance of light bulbs, and then turned his 
attention to vacuum tubes. When Langmuir began his 
work, de Forest’s audion tube was in limited use as a 
detector, but had serious shortcomings in both per-
formance and reliability. Langmuir was one of the 
key people who contributed to an understanding of 
how those shortcomings could be overcome. AT&T’s 
laboratory was the other place in the United States 
where scientists were undertaking a major effort to 
understand and improve vacuum tubes. Both GE and 
the Bell System deserve credit for making vacuum 
tubes such a critical element in the progress in elec-
tronics for the first half of the 20th century. 
 
In addition to being a good experimentalist, Langmuir 
worked diligently to understand the basic physics of 
electron emission and space charge effects in tubes. 
Systematic research on what occurs when small 
quantities of various gases are introduced into a 
vacuum tube helped Langmuir understand what was 
going on. He published numerous technical papers in 
prestigious journals such as The Physical Review, 
with equations to predict tube performance. Early 
vacuum tubes used tungsten filaments. Langmuir 
discovered in 1914 that by introducing a bit of 
thorium oxide into the filament, the performance of 
the tube could be enhanced. Copious electron emis-
sion could be achieved in tubes with thoriated 
tungsten filaments at considerably lower temperatures 
than in tubes with filaments of pure tungsten. He also 
investigated the physics of mercury vapor tubes. 
Langmuir and his colleagues developed the argon-
filled Tungar rectifier bulb. 
 
Two publications noted under Sources provide insight 
into Langmuir’s work to understand vacuum tube 

behavior. Tyne’s Saga of the Vacuum Tube is quite 
good. Even better is a reprint by the Tube Collectors 
Association. TCA Special Publication Number 23 
contains extensive material, including lengthy quota-
tions from Langmuir, about the details of his work. 
W. C. White, who wrote the material, was Langmuir’s 
colleague, and therefore was in an excellent position 
to document the details of the work. I recommend this 
TCA publication highly to anyone interested in early 
tube development. The quoted passage below is taken 
from that publication and gives Langmuir’s remarks 
in a 1919 patent interference litigation case. He 
describes how progress in vacuum tube development 
had made possible the many applications of vacuum 
tubes that had come to pass by the end of WWI. He 
emphasizes the fact that high-vacuum devices work 
better than tubes such as the audion that contain gas.  
After listing successful applications of vacuum tubes 
such as detection, amplification, generation of radio- 
frequency oscillations, etc. Langmuir said:  
 
And there are many other uses to which these devices 
have been put, especially in the recent war. 
 
Prior to 1913, there was not a single one of these to 
which thermionic devices were being put to use 
except the detection of radio signals. For this particu-

Irving Langmuir 
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It should be noted that, even in 1914, De Forest with 
his audions was only able to obtain a 3- to 5-fold 
amplification with his audion, and even then it 
required separate adjustment of the filament temper-
ature and the anode voltage of each of his tubes in 
order to get even this result. Today, on the other hand, 
because of the great constancy of the characteristics, 
as much as 1000-fold amplification in current or voltage 
can be obtained with a single tube. 
 
Many of the uses to which I referred depend upon the 
fact that, with our present-day thermionic devices, we 
can control large amounts of power. This is especially 
true in connection with radio telephony, which has 
become of such great importance during the course of 
the war. The whole development of radio telephony has, 
it seems to me, been absolutely dependent upon the 
uses of these devices. In fact, immediately after 
these devices were available, the real development of 
the radio telephone began. I have never heard of a 
case where radio telephone messages have been 
transmitted with thermionic devices of the types used 
prior to 1913. 
 
Langmuir won numerous prizes, including the Nobel 
Prize in Chemistry in 1932, the Hughes Medal from 
the Royal Society of London, the Rumford Medal from 
the American Academy of Arts and Sciences, the 
Faraday Medal of the Institution of Electrical 
Engineers in England, and an honorary doctorate from 
Princeton University. He was president of the Institute 
of Radio Engineers in 1923 and also served as pres-
ident of the American Association for the Advancement 
of Science.  
 
Langmuir once said, “Whatever work I’ve done, I’ve 
done for the fun of it.” He died in August 1957. 
 
Irving Langmuir’s son Robert was one of my college 
professors at Caltech, and he was my favorite of all the 
EE professors I ever had.  
 
Sources: 
 
Orrin E. Dunlap, Jr., Radio’s 100 Men of Science, (New 
York: Harper & Brothers, 1944). 
 
Austin Eastman, Fundamentals of Vacuum Tubes, 2nd 
Ed., (New York: McGraw-Hill, 1941). 
 
Gerald Tyne, Saga of the Vacuum Tube, (Indianapolis: 
Howard W. Sams, 1977). 
 
H. J. Van der Bijl, The Thermionic Vacuum Tube and 
Its Applications, (New York: McGraw-Hill, 1920). 
 
W. C. White, The Story of Electronics Development at 
the General Electric Company, Tube Collectors 
Association, Special Publication 23. ■ 

lar purpose a sharp change of curvature in the volt-
ampere characteristics greatly increases the sensitive-
ness of a device, at least when used with the kinds of 
circuits that De Forest used in 1912. It is for this 
reason that De Forest and Fleming found that they 
obtained the best results when considerable ionization 
was present. 
 
In every other one of the uses to which thermionic 
devices are put, better results are obtained by the use of 
a pure electron discharge. This true to such a degree, 
that the devices that have used gas ionization have 
never been successfully used commercially for any of 
these purposes. Once the pure electron discharge type 
of device was available, it was found that, because of 
the constancy in the characteristics of the new devices, 
entirely new circuit arrangements were made possible. 
In this way we have been able, with tubes that do not 
have sharp changes of curvature, to obtain arrange-
ments which are enormously more sensitive for the 
detection of radio signals than any of the earlier 
devices which made use of gas ionization. Moreover, 
the new tubes, with the new circuits, give perfect 
reliability in service. 
 
With the older tubes, the results were very erratic. 
Sometimes extraordinary good results were obtained, 
but then, for no apparent reason, the apparatus would 
fail to operate properly or would require constant 
adjustment to keep it in operating condition. These 
were not merely slight inconveniences, but constituted 
a fatal objection to the use of the tube for anything 
other than experimental purposes. Thus, in 1912, 
the audion was, as far as I know, not used regularly in 
any of the commercial or government radio stations, 
notwithstanding that, under certain conditions, the 
audion possessed very much greater sensitiveness in the 
detection of radio signals than any other detector then 
known. Even a couple of years later than this, I found 
that the government radio station at Arlington, near 
Washington, was using a crystal detector for all of 
their regular work, as they found the audion much too 
unreliable. 
 
On the other hand, this condition is completely changed 
today, for practically all the large radio stations are 
utilizing thermionic devices of the new type in detect-
ing their signals. This change has taken place direct-
ly as the result of the fact that, in the new devices, a 
pure electron discharge is used. 
 
If today we had no other type of thermionic device 
than those that were available in 1912, I think it still 
be true that there would be no important commercial 
applications of thermionic devices at present. In other 
words, I believe that, practically, the entire commer-
cial development which has taken place with these 
tubes in the last five or six years is directly the result 
of the use of the new type of discharge. 
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Tube Radio Repair Classes: The 
National Capital Radio & Television 
Museum will be offering tube radio 
repair classes again this spring, choice 
of evening or weekend sessions. 
Classes are three hours per week for 
ten weeks and cover radio theory as 
well as practical instruction on things 
like soldering and troubleshooting. 
$250 for museum members, includes 

textbook and handout materials. Call 
the museum at 301-390-1020 or email 
to info@ncrtv.org for information.  
 
For Sale: Reproduction knobs and 
rubber parts for vintage/antique radios. 
Go to www.RenovatedRadios.com to 
see the full selection of radio parts. 
Don’t do Internet? Call me at (586) 
876-9802 (Leave a message). Ed 

Schutz, 
blacksmith@RenovatedRadios.com. 
 
Antique Radio Repair: 30 years 
experience in repair of antique radios 
and tube equipment. Reasonable rates. 
Jay Forbes, 21128 Stonecrop Pl, 
Ashburn, VA 20147, (703) 729-9432, 
email: JFRADIO@aol.com, website: 
www.jfradiorepair.com. ■ 

 

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. 
No phone-in ads, please, but email is welcomed. 

zero beat tuning indicator is also of great value when 
tuning in continuous wave code signals, for it provides 
an audible tone for these signals. 
 
The special local oscillator circuit which is used as a 
zero beat tuning indicator in one receiver is shown in 
Fig. 3. The oscillator tank circuit is made up of L1 
and C1, with C1 being adjusted to make this circuit 
produce a frequency exactly equal to the I.F. value of 
the receiver. A.C. plate current flowing through coil 
L2 induces in L1 the feedback voltage required for 
oscillation. The A.C. plate current produced by this 
oscillator flows through a 2,000-ohm resistor which is 
also in the plate supply lead of the last I.F. amplifier 
stage. The result is that an A.C. voltage is super-
imposed on the D.C. plate voltage applied to this last 

(Tuning Aids—Continued from page 12) I.F. stage. Two signals, the exact I.F. signal produced 
by the oscillator and the I.F. signal produced by 
tuning the receiver to a station, reach the second 
detector. After detection, we have left the desired 
audio signal and a beat note equal to the difference 
between the two I.F. signals; when the receiver is 
accurately tuned to a station, this difference will be 
zero, the beat note will disappear and we have what is 
known as zero beat. ■ 

 

Figure 3. Circuit of the R.F. oscillator which serves as 
a zero beat tuning indicator in the Model 12A-1241 
Grunow receiver. 

RadioWinterfest 2017 
Sunday, January 15, 2017 

 

Once again, Winterfest is being held at the 
National Electronics Museum, 1745 W. Nursery 
Road, Linthicum, MD. Take I-195 east from the 
B-W Parkway (MD 295). Exit east on MD 170, 
and at the first traffic light, turn left on Elm 
Road. Take an immediate left on Elkridge 
Landing Rd. Turn right on West Nursery Road 
and look for the sign that says BWI Hilton Park 
and the large radar displays in front of the 
museum building (which will be on your right). 
Free parking at the rear of the building. Bring 
your lunch or use the nearby McDonalds or 
Quiznos. Vendors enter at 8 a.m. for indoor flea 
market set up. (No selling outside.) Tables are 
free. Buyers enter at 9 a.m. Auction consignment 
ends at 11:30 and the auction is at noon. NEM 
members admitted free. Non-member admission 
fee is $5. NCRTV Museum members and 
MAARC members can join NEM for the 
discounted price of $20. 

mailto:info@ncrtv.org
http://www.renovatedradios.com/
javascript:window.top.ZmObjectManager.__doClickObject(document.getElementById(%22OBJ_PREFIX_DWT2960_com_zimbra_email%22));
mailto:JFRADIO@aol.com
http://www.jfradiorepair.com/index.h
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MAARC Your Calendar! 
Sun., Dec. 18 MAARC meeting at the Sully Station Community Center, 

Centreville, VA. See map below. Tailgating at 11:30 a.m., meeting 
at 1 p.m. Display Table: Allied Knight kits. Presentation: Radio 
kits by Ed Lyon.  

 
Sun., Jan. 15 MAARC Winterfest at the National Electronics Museum in 

Linthicum, MD. See p. 15 for details. Indoor flea market at 9, 
auction at noon. 

 
Sun., Feb. 19 MAARC meeting at the Davidsonville Family Recreation Center. 

See p. 2 for map and directions. Tailgating at 11:30 a.m., meeting 
at 1 p.m. Presentation: Super Show and Tell. 

 
Sun. March 19 MAARC meeting at the Davidsonville Family Recreation Center. 

See p. 2 for map and directions. Tailgating at 11:30 a.m., meeting 
at 1 p.m. Display Table: 1950s clock radios. Presentation: High-
end audio by Steve McAllister. 

 
Sun. April 23 MAARC meeting at the Sully Station 

Community Center, Centreville, VA. 
See map to right. Tailgating at 11:30 
a.m., meeting at 1 p.m. Display Table: 
Pre-WWII FM radios. Presentation: 
Beam of light by Donald Cochrane.  

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

and click on hamfests.) 
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