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Restoring An Early Motorola Television 
BY TOM HOUGHTALING 

Part II 

[For Part 1 of this restoration article, see page 1 of the August 2002 Radio Age.—Editod 

Last time we began the restoration of the Motorola 
Model 9T1 by examining its filament circuit. 

Today we'll look the B+ power supply, the high-
voltage power supply, the sweep circuits, and hope-
fully get the set going again. (As a reminder, the sche-
matic for this set can be found in Sams Photofact® Set 
#71, Folder 12.) 

The low-voltage power sup-
ply consists of two selenium 
rectifiers, MI and M2, wired 
in a full-wave voltage-doub-
ler configuration with Cl, 
C2A and C3A. This arrange-
ment is not unusual for sets 
that do not use a power 
transformer, as the B+ re-
quirements of most tube tele-
visions are greater than can 
be obtained from a single 
rectifier power supply. The 
main question at this point is 
always: should the selenium 
rectifiers be replaced with 
modem silicon diodes? Most 

restorers would probably answer "yes;" the old 
seleniums were not very efficient, generating a bit of 
heat during operation (hence the radiator-like 
appearance), and if you were unlucky enough to have 
a unit short out while the set is operating, you would 
be introduced to a rotten egg aroma that would not be 
soon forgotten! In the sets that I have worked on, I 
haven't had too many problems with the original units. 

My advice is this: if the set plays 
fine with the original seleniums 
in place, leave them in. If not, I 
install a 5-or 6-lug terminal strip 
under the chassis for mounting 
of the new silicon diodes. You 
are always safe in using 1-amp, 
1,000-volt PIV diodes, available 
at Radio Shack. Be sure to 
observe the polarity as you wire 
in the new diodes, which should 
have a cathode band at one end. 

Figure 1. Three disc ceramic capacitors 
used to replace a single high-voltage 
capacitor. Three 0.01 !IF, 2,000-volt caps 
in series make a 0.003 ¡IF, 6,000 V cap. 

Because the new diodes are 
more efficient than those being 
replaced, the B+ voltage 
produced by the power supply 

(Continued on page 3) 
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(Continued from page I) 
will be higher than before. It is therefore advisable to 
install a dropping resistor ahead of the diodes. The 
appropriate value will be somewhere between 30 and 
80 ohms. In this set, part of the ballast resistor 
assembly, M4, is placed ahead of the input filter Cl. I 
ended up needing a 50-ohm resistor in place of the 
original 37-ohm section to give the required 250 volts 
of B+ at the junction of M1 and C2A. To determine 
the proper value empirically after restoring the rest of 
the set, start with a 75- to 80-ohm resistor, and 
measure the B+ with the set operating normally. Be 
sure to follow the instructions noted below the voltage 
and resistance measurement charts on page 8 of the 
Sams PhotofactO—control settings can have an effect. 

If the voltage is too low, keep lowering the resistance 
in 5- or 10-ohm increments until you arrive at the 
correct B+. Then measure the current flow through the 
resistor, square it, and multiply it by the resistance 
just determined to arrive at the power that will be 
dissipated by this resistor. Double or triple this figure 
and install a power resistor of that wattage. I always 
leave the old seleniums mounted in the set, especially 
if they are visible above the chassis. But, don't forget 
to electrically disconnect the old units from the circuit. 

What about the electrolytic capacitors in the power 
supply? As with radios, electrolytic capacitors 
packaged in paper or cardboard are almost always bad, 
and should be replaced. This Motorola uses several of 
these stand-alone units, including C4 across the output 
of the ratio detector in the sound circuit. The majority 
of electrolytics you will encounter in television work 
will be of the can-type, usually mounted with twist 
lugs on top of the chassis. Typically, each such can 
will have between two and four sections. I've had 
mixed success with these units. Some originals will 
work just fine, while others will have one or two 
sections that are leaky, shorted, or dried out. If you see 
any dried goo oozing from the small hole on the 
bottom, or around the lugs, it has seen its last ripple of 
pulsating DC and must be replaced. 

If the electrolytic can looks good, but has not been 
used for many years, and you wish to try it, it is best to 
bring up the DC voltage on it slowly with a variable 
DC power supply to reform the dielectric while 
monitoring the current. There have been several 
previous articles in Radio Age about how to do this. 

To test an electrolytic: (If you have recently powered 
up the unit, avoid shocks by first discharging it by 
shorting the terminals.) Disconnect all wires going to 

the positive solder lugs Using an analog volt-
ohmmeter (like a Simpson Model 260), set the meter 
for the R times 1,000 scale, place the black (negative) 
lead on the can, and touch the red (positive) lead to a 
lug. The needle should swing quickly to the right as 
the capacitor charges, then gradually move back 
toward infinity. If the needle stays in the low-ohm 
portion of the meter scale, that section is either shorted 
or very leaky. If the section under test is somewhat 
leaky, the needle will settle around 25,000 to 150,000 
ohms. If the needle moves very little or not at all, that 
section (and probably the rest of the capacitor) has 
dried out. In any of these cases, replacement is 
warranted. 

As with the selenium rectifiers, I leave the cans 
mounted to the chassis, and wire new individual 
electrolytics under the chassis. If only one section of a 
multi-section can tests bad, don't trust the other 
sections. Go ahead and install replacements for them 
as well. Never connect the new capacitor to the old 
capacitor lug even if the old unit has dried out and 
appears to be open. That can change quickly once 
operating voltages are applied. If a NOS can is found 
with the proper sections, it may be fine to use as a 
replacement, but may need to be reformed. Again, 
several excellent articles in past issues of Radio Age 
provide tips on capacitor reforming. If all sections of 
the can pass the preliminary meter checks, leave the 
unit in the circuit for now. It may still fail when power 
is applied—more on that later. 

Just about any vintage television, this one included, 
will be full of old wax capacitors. Not only does a 
television set have signal processing circuits with 
coupling and bypass capacitors similar to a radio, but 
there are also lots of caps in the vertical and horizontal 
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deflection circuits, 
and high-voltage 
power supply. My 
advice is to replace all 
of these units. In the 
past I attempted to 
test the old capacitors, 
leaving in the ones 
that tested "good" on 
the ohmmeter and 
capacitance checker. 
Once power was 
applied, however, 
some of these "good" 
capacitors would start 
to break down, heat 
up and fail. If that 
happens, it could 
damage some other 
component. As for the 
replacements, modern 
Sprague Orange 
Drops® work great 
and will last a long 
time. If you are a 
purist and want to 
hide modern, round 
polystyrene caps in 
the old cardboard/ 
paper shells, knock 
yourself out! Just be 
sure to stick to the 
original value and 
voltage ratings (or higher voltage ratings). 

TIP4 

PICTuRE 

TUBE 

Figure 2. Partial schematic showing the high voltage section. C77 in the center 
of the figure is one of the 6,000 volt capacitors mentioned in the text. 

Usually as I go about recapping a set, I will replace 
any resistors that are tied to the same terminals, 
especially in the vertical and horizontal oscillator 
circuits. Many are often found to be out of tolerance, 
and the ones that check OK on an ohmmeter will 
sometimes drift in value after warm-up. After you get 
the set going, if you find yourself having to repeatedly 
adjust the horizontal or vertical hold after the set 
warms up, it's probably one of those resistors you 
didn't replace. Again, stick with the original values 
and wattages (or higher wattages). I use 5-percent 
carbon film resistors from Mouser Electronics. A bag 
of 100 of one value costs about four bucks, and will 
last a good while. 

In this particular set you will notice five large 
capacitors under the chassis, four of which are used to 
couple the vertical and horizontal sawtooth voltages to 

the CRT deflection plates. They are rated at 0.003 and 
0.005 ¡IF at 6,000 volts. Where does one find replace-
ments for these beasts? Antique Electronic Supply 
used to offer them a couple of years ago, but I haven't 
seen them in recent catalogs. (They may still be 
available from AES.) Sometimes they turn up at the 
flea market at RadioActivity and hamfests. Here's 
where discarded '60s- and '70s-vintage TV sets come 
in handy again. These sets are often loaded with 
ceramic disc capacitors, and some 2,000-volt units 
should be located in the damper tube and color 
difference amplifier circuit areas. Check these caps for 
shorts or opens before using them, but unlike the wax 
capacitors, the disc ceramics tend not to deteriorate 
with age. Remember that capacitors in series are like 
resistors in parallel (but the voltage ratings add), so if 
you find three 0.01-µF, 2,000-volt units and put them 
in series, you'll end up with a 0.0033-g, 6,000-volt 
capacitor. This value will work fine for both the 
vertical and horizontal circuits, so you'll need twelve 
of these ceramic discs to replace these four old wax 
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Figure 3. With new capacitors and good tubes installed, hopefully you will 
see a picture when you fire up the set. 

units (Fig. 1). 

The high voltage for the CRT comes from a "stand 
alone" power supply (requiring only B+ and heater 
power in) consisting of V14, the high-voltage 
oscillator, and V15, the 1B3 high-voltage rectifier 
(Fig. 2). The 25L6 oscillator tube drives what looks 
like a small version of a standard flyback transformer, 
which generates the high voltage fed to the plate of the 
1B3, and the filament voltage to its heater. The high-
voltage pulsating DC coming from pin 2 of the 
rectifier is filtered by C77, another 6,000-volt, 0.005-
¡IF unit (the ceramic units in series will work here as 
well). From here the high voltage is fed to several of 
the CRT elements through a voltage-divider network 
that includes the focus and centering controls. After 
restoration, be sure to replace the metal shield 
covering the 1B3 and transformer. Not only does this 
keep stray RF from getting into other circuits of this 
television, it protects playing radios nearby as well. 

Now that the set has new capacitors installed, and 
defective/broken/missing tubes have been replaced, 
it's time to bring the set to life. For the initial smoke 
test, I like to monitor the AC voltage going in and the 
B+ at the output of the power supply. Again, the use of 
an isolated heavy-duty Variac is a must. The nice thing 

about mine is that it has a 
current meter next to the 
voltmeter, so if I see a 
sudden jump in input 
current, I know 
immediately that 
something went bad. 

Once everything is plugged 
in and the meters are 
connected, slowly bring up 
the voltage. Around 30 to 
40 volts you should start to 
see the dull glow of the 
filament string. At around 
85 to 90 volts, the whine of 
the high-voltage oscillator 
may be audible along with 
some crackle in the 
speaker. After topping off 
at about 115 volts, if all 
goes well, a raster should 
appear on the screen. Keep 
a finger on any "good" 
original electrolytic cans 
you left in. If they get 

warm, they probably need replacement. 

A pair of rabbit ears hooked across the antenna 
terminals should bring in at least one of your local 
stations. If the controls or the tuner contacts seem 
noisy, use a good contact cleaner like DeoxIT. Don't 
use WD-40! More often than not, contact cleaner will 
improve performance on sets that have not been used 
for several decades. Set your controls for a normal, 
centered picture, and you're done (Fig. 3). 

If you wish to perform a complete alignment of the set 
(as outlined on pages 6 and 7 of the Sams), be sure to 
use the appropriate test equipment and follow the 
instructions carefully. If you don't have the equipment 
or haven't done a television alignment before, don't try 
it. Fortunately, most of the sets I have restored seem to 
have been in pretty good alignment, so this shouldn't 
be a problem. 

Television collecting for me has been as rewarding 
and interesting as radio collecting. With a bit of effort, 
these old classics can be brought back to life using the 
same skills and procedures as those used to resurrect a 
beautiful radio from the dead. Just be careful (watch 
out for the lethal voltages) and take your time—it'll be 
worth it. Thanks for watching!• 
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The AM RAD Buildings and I 
BY LEIGHTON GREENOUGH 

[Noted antique radio author Alan Douglas, whose three-volume set, Radio Manufacturers of the 1920's is fre-
quently referenced, kindly agreed to let us use photographs from his Vol. 1 for this article. - Editor] 

Alan Douglas' article on American Radio and Re-
search (AMRAD) in Radio Manufacturers of the 

1920s' has recently caught my attention. He shows 
their laboratory on page 41 (Fig. 1) and their factory 
on page 43 (Fig. 2). These were located in Medford, 
MA, a western suburb of Boston. About 65 years ago I 
knew both buildings well, having gone through their 
doors hundreds of times. When I was a student in the 
late thirties the buildings belonged to Tufts College. 
However my acquaintance with them went beyond 
academic activities. 

Tufts North Building, AMRAD's former laboratory 

After school hours several days a week and in sum-
mers I worked for the Doble Engineering Company. 
Doble occupied the top floor of the North Building, 
Amrad's former laboratory. Doble's specialty was the 
manufacture and employment of test equipment for 
high-voltage power systems. I began as a draftsman 
and ended up experimenting with 
carrier current (power line commu-
nications) signaling systems. In be-
tween I worked chiefly as a lab 
technician for Phil Eyrick, who ear-
lier at National Company had de-
signed their Type "A" vernier dial. 
He had not gone with the James 
Millen Company upon National's 
breakup. 

The Doble company had several 
field engineers, among them Glenn 
Browning of Browning-Drake fame. 
Another was the grandson of Amos 
Dolbear, who had conducted some 
significant tests related to wireless 
communication in the late nine-
teenth century. Our Dolbear was a 
bit of a prankster at times. I've seen 
him sneak up and blow (pipe) 
smoke up through equipment being 

tested, causing instant consternation! 

On some occasions I drove Doble engineers on field 
trips. Old mill buildings in New England states were 
frequent destinations. We generally used company cars 
but my favorite was a luxurious Pierce Arrow with the 
swooping headlights on the fenders. 

I remember that on the night of the renown 1938 hurri-
cane, I was scheduled to meet Mr. Doble to start on 
some special trip. I had no inkling of the storm's sever-
ity. It gradually sank in that this was not the night for 
anybody to go anywhere. 

On the next level below the top floor in the North 
Building was the school's radio club, devoted to ama-
teur radio as station W1KN. The club's location was 
near the front; the so-familiar windows appear in Fig. 
1. There was a two-masted antenna on top of the 
building left over from a previous station; it was no 

Figure 1. Tufts North Building, AMRAD's former laboratory. 
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longer the single tower in the pictures in Douglas' 
book. The main transmitter was naturally club-built, 
our receiver an HRO. I was president of the club in my 
senior year. Although my interests were on the techni-
cal side, I did secure a ham license. As luck would 
have it, it came as WI KNG! 

Tufts Gymnasium, the former AMRAD factory 

The position from which the 1920 picture of the fac-
tory with the company name was taken (Fig. 2) was 
from the east side, incidentally but fortuitously includ-
ing the North building which is partially visible on the 
right. The second-story windows of the factory corner 
nearest the camera were of the room where we had 
freshman gym classes. One task was to learn tap-
dancing, to "East Side, West Side," according to my 
recollection. I barely qualified for the "Yeager's Fol-
lies" as the final test named for the coach was called 
by students. 

The school moved its electrical engineering depart-
ment into the building by my last year. I had spent the 
previous summer helping set up the operation. Much 
of the work was just behind the windows visible in the 

Figure 2. Tufts Gymnasium, the former AMRAD factory. 

rear view showing the other side of the factory. I was 
part of a team; my specialty was working with angle 
iron, making mounts for benches and electrical ma-
chinery. Then came classes in the building. More re-
cently, in looking into the area on my fiftieth reunion 
visit, there was no sign of the work; it was all offices 
and classrooms. 

As a last note to this period, I worked for a few weeks 
one summer for the Browning Laboratories as an elec-
tronic assembler. One of the company's products was 
an early oscilloscope, which featured a triggered hori-
zontal sweep, novel at the time. 

Alan Douglas also mentions a line of capacitors by 
Mershon. These were wet electrolytics with the advan-
tage of higher capacitance in a given space. I've had 
experience with them. When living in an eighteenth 
century house in the mid thirties, I had a wish to listen 
to King George's Christmas message before dawn on 
my homemade shortwave receiver using these compo-
nents. I got mostly hum. Heating in that house was 
minimal and the Mershon capacitors were known to 
have a bad temperature dependence. I found out how 
bad.• 
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• The Tube Collectors Association has 
released another interesting historical 
monograph. TCA Special Publication 
No. 5 is titled J. B. Johnson and the 
224A CRT. Johnson is the Bell Labs 
fellow for whom thermal Johnson 
noise in electronic devices is named. 
Introduced in 1922, the Western Elec-
tric type 224A cathode ray tube was 

the first commercially available U.S. hot cathode CRT. 
In addition to working on the development of this im-
portant tube, Johnson published material to help peo-
ple understand how oscilloscopes worked and how 
they could perform a variety of useful tasks. This 
monograph reproduces a lot of interesting but obscure 
historical technical information and data from the 
1920s on these topics. 

Anyone who joins the TCA this year will automati-
cally receive this monograph as well as the TCA's 
regular publication, Tube Collector (six issues per 
year). If you are interested in becoming a TCA mem-
ber, send your check for $20 for one year's dues, pay-
able to "Tube Collectors Association" to PO Box 1181, 
Medford, OR 97501. 

u'ts 
• The Radio History Society's 2nd Nye estate auction 
on March 30 was a success in spite of lousy weather. 
(It was raining and snowing most of the day.) About 
60 bidders plus some spouses showed up. One fellow 
came all the way from Florida and another from Geor-
gia, but most were from MD, VA, DC, and PA. 

The most expensive item: an RCA cathedral radio that 
went for $ 160. MAARC members helped to make the 
auction a success. Lynne Bushong and Bill McMahon 
brought food (hot dogs and soft drinks). Lynne and 
Domi Sanchez ran the registration table with great 
efficiency. Rusty Wallace and Willie Sessoms were 
recorders, Brian Belanger was the auctioneer, and sev-
eral other MAARC members were runners. 

As with the previous auction, there were a large num-
ber of box lots and items on the floor at the beginning 
of the auction, initially priced at $ 10 a box. After 20-
30 minutes, when business slacked off, the price of the 
remaining items dropped to $5 per item, then $2, then 
$1, and finally, the few remaining boxes were free. 

Total sales amounted to roughly $5,000. Tony Young 
added to the income for the day by selling tubes, and 
business was brisk. The third Nye auction is scheduled 
for June 22 (same location). Don't miss ifl• 

Some of the radios auctioned at the second Nye estate auction on March 30. 
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A Poor Man's Frequency Meter 
BY DALE R JOHNSTON 

Modern synthesized signal generators with digital readout can be pricey, but having digi-
tal readout is certainly convenient. Here is a clever way to utilize a vintage signal genera-
tor and achieve digital readout at very low cost. 1970s car radios often show up at auc-
tions and rarely sell for more than a couple of dollars.—Editor 

The dial calibration on mn-of-the-mill signal gen-
erators is not very accurate to say the least, and 

those tiny little marks can be hard to read (and they 
become harder to see as they fade with age and as we 
radio restorers age). This can get to be tedious and 
frustrating when we're trying to align those old sets. I 
searched for a way to improve the situation. A fre-
quency meter with a large bright digital readout 
seemed to be the answer, but they are too expensive 
for my budget. 

I got to thinking—modern broadcast radios have digital 
readout, and are certainly accurate enough for aligning 
those old sets. Why not? I wanted one with manual 
tuning so I could set the frequency on the radio dial 
and tune (zero beat) my signal generator to it, e.g., 
1500 kHz for oscillator high-end and 600 kHz for the 
low-end setting. For aligning 455 kHz IFs, I could 
tune the radio to 910 kHz to receive the second har-

Figure 1. My vintage Precision signal generator coupled with 

the car radio as described in the text. 

monic of the generator. 

My search for a satisfactory radio with digital readout 
took me back to 1970s vintage sets that still had man-
ual tuning. (More recent radios mostly have automatic 
tuning, and no longer have knobs on them.) I was un-
successful trying to find an AC model like I wanted, 
but my good friend and old radio expert extraordi-
naire, Charlie Scarborough, provided me with a car 
radio that filled the bill. If you are lucky enough to 
find a house radio, it will save you building or buying 
a 12-VDC power supply. I took the easy way out and 
used a 12-V, 500-ma wall transformer from Radio 
Shack that worked out just fine. A bonus is that in ad-
dition to providing digital readout for my signal gen-
erator, the car radio also serves as a radio and a clock 
at my workbench!• 

Radio Age 
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The Coca-Cola Cooler Clock Radio: 
Who Made It? 

BY TED HANNAH 

T have long been intrigued by private label and or-
1 phan radios, particularly in trying to discover who 
made those off-brand and no-name sets. In some 
cases, it's fairly obvious: "WG 24" on the license no-
tice of, say, a Sky Rover or Truetone radio means it 
was made by Wells-Gardner. Similarly, "B.R.C." 
identifies the Belmont Radio Corp. Other times, how-
ever, it is much less obvious, as for example, "Plant 
A" for the Clinton Radio Co. of Chicago.' 

Then there is the 1949 Coca-Cola cooler clock radio 
that I recently restored (Fig. 1). Like the more com-
mon non-clock version, this radio carried the follow-
ing identification on the back cover: Point of Pur-
chase Displays, Inc., 2120 North Menard Avenue, 
Chicago 39, Illinois. As for rarity, the owner of the 
radio, a serious Coca-Cola collector, estimates that 
only one of every 100 cooler radios is a clock type. 

If I am correct in assuming that the Point of Purchase 
company didn't make the radios but rather resold 
them to the Coca-Cola Company, the question then 
arises, who actually made them, or at least, made this 
one? I think it may, just may, have been Zenith, for 
these reasons: 

First, all four paper capacitors were Zenith types. 
Moreover, they were all rated at 200 volts, even the 
AC line bypass capacitor, which reminded me of a 
sad experience with a 200-volt line bypass cap in a 

Figure 1. Who made this rare radio? 

Zenith radio some years ago. Stressed by heat, today's 
higher line voltages, and old age, the capacitor failed, 
putting a dead short across the line, causing the isola-
tion transformer to overheat, smoke, and then burn 
out. My point is that Zenith was known to use 200-
volt caps in its own radios at about the same time as 
the Coke cooler radios were made. Wouldn't it be rea-
sonable to assume that they would also use them in 
sets produced for another company? 

Second, the cooler's model number, 5A410A, is simi-
lar to Zenith's own model numbers, with the first digit 
denoting the tube count. Hoping to find a Zenith radio 
identical or nearly identical to the cooler set, I 
searched Rider manuals of the period but no joy, thus 
I couldn't prove that Zenith made the set, leaving the 
evidence largely circumstantial. (Both Zenith and 
Point of Purchase were located in Chicago, so for 
Point of Purchase to have contracted with Zenith 
would have been convenient.) I should add that the 
tubes were mostly GE types, not Zenith, and the elec-
trolytic capacitor was not a Zenith part, probably be-
cause it looked like a replacement. It appeared that 
there had originally been a license notice on the rear 
of the chassis, but for some reason it had been re-
moved, thus adding to the mystery. 

Casting doubt on my Zenith theory is the fact that 
Don Patterson, former publisher of Radio Age, wrote 
about, and drew a schematic of, a cooler radio (non-
clock version) that he believes to have been made by 
Point of Purchase Displays.2 If his set had Zenith ca-
pacitors, he didn't mention it. His reconstructed sche-
matic differs somewhat from the circuit of the radio I 
restored, suggesting that more than one radio manu-
facturer may have been involved. It's also possible 
that whoever made the radios, or at least some of 
them, may have simply bought up a supply of Zenith 
capacitors. And, of course, there are other possibili-
ties. Any thoughts? 

1. For more of these manufacturers' codes, see pages 
709-719 of Radio Troubleshooter's Handbook by 
Ghirardi, New York, 1939. 

2. Radio Age, November 1987, p. 8.M 
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A Plug-in Module With Time Delay and Soft 
Start to Replace Rectifier Tubes 

BY LEIGHTON GREENOUGH 

M any times the thought strikes that it should be 
possible to replace a rectifier tube with a di-

ode pair. Often the rectifier is the hottest tube in a 
radio or amplifier. The potential benefit is the reduc-
tion of 10 or 15 watts of dissipated power in the set. 
However, the process has a bad reputation because 
of reports of sometimes immediate destruction of 
filter capacitors or of long-term damage to tube fila-
ments and cathodes. These problems arise because 
the semiconductor diode is much more efficient than 
a vacuum tube rectifier. 

In its catalog, for instance, Antique Electronic Sup-
ply accompanies its listing of its diode replacement 
device with a warning about delaying the applica-
tion of power until the filaments or heaters are 
ready. Here the problem is "cathode stripping," re-
ferring to the extraction of electrons before the cath-
ode has reached operating temperature. The ap-
proach taken in the circuit which this article covers 
sidesteps the need for separate power sources and 
manual or time delay switches. It also eliminates the 
high current surge associated with snap-action con-
tacts in switches. 

Aside from these important considerations there is 
concern with the over-voltage which can result from 
simple tube replacement with diodes. Left alone, 
semiconductor diodes deliver a rectified output 
close to the peak value of applied voltage. This is 
not the way rectifier tubes behave. Tubes exhibit an 
effective resistance which "cushions" the output at 
the expense of power loss. The voltage drop in a 
diode is one volt or so whereas it may be 50 volts in 
a tube. Hence to apply any peak-charging circuit 
without disturbing normal operation requires insert-
ing a resistance in series. Simple exchange is risky, 
and even an added equivalent dropping resistor may 
still allow excessive voltage during warm-up. 

The replacement 

There is a way of replacing the tube and getting 
around these problems. The circuit in Fig. 1 repre-

sents one approach. It provides the desired time de-
lay followed by slow rise of the plate voltage to its 
normal condition. By choice of component values 
the delay period can be set up to about a minute to 
match either filaments or indirectly heated cathodes. 
The circuit itself is entirely contained in a plug-in 
module that directly replaces the tube rectifier. 

This article describes an experimental model built 
up mostly from parts I had on hand. In dollar cost it 
might add up to $ 10, depending upon your junk box 
contents. After the description I have included meas-
urements on some standard rectifier tubes to deter-
mine the approximate series resistance required to 
simulate the original operating conditions. 

The circuit and how it works 

The basic element of the device is a semiconductor 
of the type known as MOSFETs. These are high-
power field-effect transistors capable of functioning 
in linear and switching circuits, One type, N-
channel, resembles a vacuum tube in that conduction 
from drain to source, equivalent to plate to cathode 
in a tube, is controlled by the voltage on the gate, 
which matches the grid's function. The transconduc-
tance is very high, measured in mhos (amperes out 
per volt in) rather than the micromhos for tubes. The 
most noticeable external difference is that inputs to 
these transistors operate in the few volts positive 
region. As with tubes, the input impedance is very 
high. Conduction begins when the gate is raised 
about four volts above the source. In output charac-
teristics they are like pentodes, where the current 
flow is substantially independent of the applied sup-
ply voltage. These transistors are available in ratings 
of several hundred volts. As electronic switches they 
can handle currents of amperes. 

All of these characteristics are put to work in the 
accompanying circuit in Fig. 1. It operates by gener-
ating and applying a slowly rising voltage to the 
gate of a MOSFET whose drain-to-source path is 
interposed between the diode rectifiers and the plate 
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Figure 1. Circuit for replacement of rectifier tubes to provide time delay and soft start. 

supply filter. Initially the transistor is an open circuit. 
Charging of the capacitor C3 by the current through 
R2 between the gate and source starts with power 
turn-on. After about 10 seconds the capacitor reaches 
the four-volt threshold of the transistor, causing partial 
conduction to begin. In a few more seconds the gate 
rises to the region where the MOSFET becomes fully 
conducting, with a resistance of less than four ohms. 
The result is delayed and gentle application of the 
plate supply power to the set. 

Power for the charging circuitry comes from rectifying 
the five-volt winding which originally heated the fila-
ment of the rectifier tube. The voltage-doubler ar-
rangement generates approximately 12 volts DC 
across R1 from the five volts AC available between 
the filament pins. 

When the set is turned off, this voltage at R1 disap-
pears, leaving C3 with an accumulated charge. Then 
the diode D4 allows the charge to leak off rapidly 
through R2 alone. This develops a quick reset which is 
desirable in most cases. 

Tube resistance measurements 

I did experiments to determine at least approximate 
values for several examples of rectifier tubes I had on 
hand. The process consisted of inserting a value of 
resistance in series between the diodes and the MOS-
FET circuit so as to give the same output voltage as 
the tube. Samples ranged from the ordinary 5Y3, a 
type 80 equivalent rated at 125 mA max., to the husky 
5U4 with a max. rating of 225 mA. Here are the re-
sults: 

Type Load Current Series Resistance 

5Y3GT 55 mA 450 ohms 
92 450 

5V4G 67 100 
125 100 

5U4GB 64 170 
140 190 
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These tests indicate that it might be safe to replace a 
tube rectifier with a simple commercial diode pair and 
series resistor. However, I have known of one instance 
where capacitors were destroyed, although whether 
from over-voltage or a current surge was uncertain. In 
any event, the safest technique is that offered by an 
arrangement which provides time delay and soft start. 

Application 

If you desire to employ the MOSFET circuit as a peak 
rectifier without any resistor, it makes a difference 
which terminal of the original five-volt winding is 
connected to the filter input. That is, in setting up the 
plug-in unit, the transistor output should be connected 
to the filament pin wired to the filter in the set. Other-
wise a 5-volt, 60-Hz component is unfavorably intro-
duced into the filter input, possibly raising the hum 
level. In addition, the improper condition produces a 
major difference between the currents of the two diode 
rectifiers when charging the filter input capacitor to 
the peak voltage. Under this condition only one diode 
is doing most of the work. 

To make the design universal I incorporated polarity-
reversing jumpers in the unit, allowing choice of fila-
ment pin. The other pin then automatically becomes 
the source of power for actuating the circuit. The bet-
ter choice is quickly evident when the filter input is 
displayed on an oscilloscope—the half waves in the 
ripple signal differ by several volts for the wrong con-
nection. If the 120-Hz ripple appears balanced, the 
polarity is either correct or doesn't matter. 

I built a demonstration model of the circuit of Fig. 1, 
as shown in Fig. 2. This is a view from the transistor 
side with the cover removed before the installation of 
a voltage-dropping resistor. It was built on a small cir-
cuit board mounted on an octal plug. I checked it out 
in a radio using a 5Y3GT at about 300 volts and 75 
milliamperes. The time delay was about 10 seconds 
with the circuit components of the diagram, plus a few 
seconds for the plate voltage to reach its final state. No 
modification to the radio was required beyond ex-
changing the module for the tube. 

For replacement of the 5Y3 tube, I added a series re-
sistor of 500 ohms to the top of the module to bring 
the plate voltage down to its original level. The power 
dissipation in this resistor may amount to several 
watts, so use a resistor of sufficient wattage and allow 
for ventilation. There are AC ripple currents in addi-
tion to the DC product of voltage times current. 

Figure 2. Rectifier module without its cover. 

The desirability of selecting the better filament pin to 
use for output was apparent, the alternate choice intro-
ducing a minor hum, as was to be expected. 

Customization 

I have already touched upon the possibility of tailoring 
the design by adding a series resistor to create the 
original supply voltage. Another option is adjusting 
the delay time through changing C3 or R4. To shorten 
the time, either or both of these may be reduced. 
Lengthening the time is best done by increasing C3. 

To extend the reset time from a couple of seconds, say 
to match tube heater cool-down, a resistance of per-
haps one megohm should be inserted in series with the 
diode D5. 

The 1N4007 diodes have the highest voltage rating 
(1,000 volts) of commonly available units. For safety, 
this limits the circuit shown to transformer sources of 
about 700 volts center-tapped. Higher supply voltages 
require multiple diodes. If such is needed, it might be 
a good idea to replace each one in the standard design 
with three diodes in series. Then if one breaks down, 
the other two should still withstand any voltage 
(usually around 1,500 volts) within the original tube's 
rating. Finally, because the reverse leakages may not 
be equal, it makes sense to shunt each one in the series 
with about a one-megohm, one-half-watt resistor.a 
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The Bremer-Tully Counterphase 8 was introduced in 1926 at a list price of $225. Bremer-Tully was incor-
porated late in 1922, began by making radio parts, progressed to making kit radios in 1924, and by 1925 
was offering complete radios with the "Counterphase" name. Late in 1928 the company was sold to 
Brunswick. Bremer-Tully radios were well made. (Photo from the Radio History Society archives.) 

Expert Local Repairs 
Leigh Bassett of Golden Age Radio fame has opened a 

shop in the Laurel area specializing in the repair of 
vintage radios and amateur radio equipment 

Call for info ( 301)595-5349 most mornings 

Shipping address and local drop-off / pick-up: 
ATS cío Schiller's Packaging Plus 

3507 Ft. Meade Rd. Laurel MD 20724 

Service provided by 
ATS Inc PO Box 2509, LaLrel, MD 20709 

If it glows, we fix it' s?'" 
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censs; peet A 44 
Ads are free of charge to club members. Please, one ad member month, per per 
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. 

For Sale: Repro spherical Audions as 
seen in the May Old 7imers' Bulletin. 
Czech-made standard base tennis ball 
tube with bright filament. Limited 
quantity - $ 100 each, postpaid. Spec 
sheet included. Dick Parks, 2620 Lake 
Ridge Ct., Oakton, VA 22124, (703) 
242-8268, email: dparks@erols.com. 

For Sale: E.H. Scott Allwave Deluxe 
in Wellington cabinet. Outstanding 
condition. Excellent original finish. 
Excellent chrome. The best is not 
cheap. First check for $ 1800 takes it. 
Email for detailed description/photos. 
Delivery to Lansing or Rochester. 
Excellent Emerson 520 Catalin, $ 150. 
Excellent Bendix 526C Catalin, $725. 
Rider 23 volumes on CD-ROM, $99. 
Wanted: Early quality US and 
Japanese transistor radios. Best prices 
anywhere paid for your exceptional 
quality sets. Paul Farmer, PO Box 352, 
Washington, VA 22747-0352, (540) 
987-8759, email: . 
oldradiotime@hotmail.com 

For Sale: Complete Riders Vols. 1-16. 
GE console, AM-SW, Magic Eye, 
electric tuning, nice cabinet. Works 
OK but needs minor assembly. Circa 
1930 Stewart-Warner small console, 
refinished cabinet, strong tubes include 
twin 45s, works weakly, $75. Email for 
pictures. Richard Young (703) 897-
9182 (home) or rjyoung007@aol.com 
(Woodbridge, VA). 

For Sale: Pilot Model 1601 Pilotuner, 
$35 plus shipping. Mark Hewitt, 6659 
Tipperary Trl. Roscoe, IL 61073, (815) 
623-8729. 

For Sale: Federal book: Limited 
supply available again. 64-page 
booklet describes Federal Tel. & Tel. 
radios from the beginning in 1921 to 
the end in 1929. Over 60 illustrations 
including pictures of early Federal RF 
and audio amplifiers as well as all 

early radios. Many Federal parts are 
pictured and described. The article and 
speech by Dick Schamberger, the 
Federal expert, are included. All 
Federal models are listed with the year 
and month introduced, cost new, and 
description. The Federal broadcast 
station, WGR, first in Buffalo, is 
included. There are two pages of 
references for more Federal 
information. This booklet contains 
more Federal information than exists 
in any other single spot. Good quality 
printing. Send $7.95 (including S&H) 
to Larry Babcock, 8095 Centre Lane, 
East Amherst, NY 14051. 

For Sale: Over 250 antique & 
collectible radios and other radio 
related items at the Radio Attic. Each 
has a description and a color photo. If 
you look for radios on the Internet, this 
is the place to find quality stuff! 
Selling a radio? Your ad is published 
for worldwide viewing until your radio 
sells, for one reasonable payment. 
Check us out at http://radioattic.com, 
or email Steve@radioattic.com for 
more information. Steve Adams, 
Webmaster, the Radio Attic. Visit the 
archives at 
http://archives.radioattic.com. 

For 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 5,700 shows 
arranged by category and title. Only $2 
(P&H). Erstwhile Radio, PO Box 
2284, Peabody, MA 01960. 

For Sale: 1941 and 1942 Philco 
escutcheons, knobs, and pushbutton 
reproductions now available. Other 
various knobs and pushbuttons also 
available. Contact us for specific 
model numbers on escutcheons. Old 

Time Replications, 5744 Tobias 
Avenue, Van Nuys, CA 91414, (818) 
786-2500 , 
http://www.antiqueradioknobs.com, 
email: oldtimerep@aol.com. 

For Sale: EVERYDAY LOW PRICES 
on tubes, transformers, components, 
wire, supplies, grille cloth, books, etc. 
etc. Radio Daze, LLC, 7620 Omnitech 
Place, Victor, NY 14564, (585) 742-
2020. Fax: (800) 456-6494, email: 
info@radiodaze.com, web: 
www.radiodaze.com. 

Wanted: I need the meter for a Hickok 
model 533 tube tester. Also, detector 
for Steinite crystal set, and crystal 
parts for BTH type C form A crystal 
set. For Sale: Nice Guild roll-top 
stereo/record player/amp for sale. Best 
offer or trade. Would need to pick up. 
Michael Crain, 3 Hillside Ave., 
Harveys Lake, PA 18618-9782, (570) 
639-2794 after 5:30. 

Wanted: Output transformer for 
Crosley Model 124 radio, and the 
following Sams Photofacts0: 850-7 
(Sears radio Model 6049), 1422-6 
(RCA stereo Model VST 113F), 2144-
2 (Zenith Y2512E-TV), 2212-1 (RCA 
TV Model GJR-2033L, chassis CTC-
121D). Paul M. Williams, 2364 Beaver 
Valley Pike, New Providence, PA 
11560-9622, (717) 786-3803. 

Wanted: The Radio-Television 
Museum needs an index for our Rider 
TV manuals. (We have the index for 
the radio manuals.) Does anyone have 
one that we could borrow to photo-
copy? (Or have a copy you would be 
willing to donate or sell?) Please 
contact Brian Belanger, Curator, 5730 
Avery Park Drive, Rockville, MD 
20855-1738, (301) 258-0708, 
email: bcbelanger@aol.com.111 
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Sun. June 22 

Sun., July 13 

Sun., July 20 

Sun., Aug. 17 

Sun., Sept. 21 

Sun., Oct. 5 

Sun., Nov. 16 

Nye Estate Auction, Part 3, Davidsonville Family 
Recreation Center, Davidsonville, MD. Viewing from 11 
to 1 p.m., auction begins at 1 p.m. Directions: From Rt. 
50 between Washington and Annapolis, exit south on 
Rt. 424. In about 3 miles turn right on Rt. 214 After 0.7 
miles, bear left on Queen Anne Bridge Rd. and watch 
for the chain link fence on the left. Turn in at main gate. 

Mid-Atlantic Amateur Radio Club Annual Hamfest, 
Kimberton, PA. Information: www.marc-radio.org. 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, Tailgating at noon, meeting at 2 p.m. 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, Tailgating at noon, meeting at 2 p.m. 

MAARC meeting at Sully Station Community Center, 
Northern Virginia. Directions in subsequent issues. 

MAARC Fall Mini-Meet, Davidsonville Family 
Recreation Center, Davidsonville, MD. 

MAARC meeting at the Seventh Day Adventist Church, 
Burtonsville, MD, Tailgating at noon, meeting at 2 p.m. 

Mid-Atlantic Antique Radio Club 
do Paul R. Farmer 

P.O. Box 352 
Washington, VA 22747-0352 
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