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A SLIGHTLY MORE MODERN APPROACH TO POWERING 
BATTERY SETS 

BY ANDREW MITZ 

W e have all seen published circuits and 
commercial products used to power early 

battery radio sets either from flashlight cells or the AC 
mains. Many collectors power their battery sets using 
any of the commonly available power supply kits, or 
build their own based on a published article. These 
circuits typically use a transformer for isolation and 
voltage boost, rectify the AC, filter it, then pass the 
result to a string of dropping resistors or zener diodes. 
If you are like me, perhaps you have "designed" your 
own version using parts from the junk box. 

Through the years various other methods have been 
used. My 1927 Majestic "transition" set has a separate 
"battery eliminator" filled with tar-potted iron, a type 
80 tube, and a (very hot) ballast tube. During WWII 
the power system of choice for the big mobile 
receivers and transmitters was the dynamotor. These 
low-voltage, motor-driven generators were a pervasive 
and noisy source of B+ for the electronics on land, 
sea, and in the air. For low power work, batteries were 
still common. Although the transistor was invented 
before 1950, "beach" and other portable radios of the 
early 50's were still tube sets sporting 22.5-, 45-, 67.5-
, or 90-volt batteries in addition to the "A" battery. 
For car operation and many farm sets, lead-acid 

batteries and vibrators were the source of B+. The 
vibrator is a buzzer that "chops" DC current on and 
off, crudely simulating alternating current. The 
resultant square wave drives a transformer and then 
the remaining circuit follows the typical path of an AC 
power supply to provide high voltage DC. 

As time went on, some radios, including many car 
radios, learned to survive with only 12 volts of B+. 
This was made possible through the use of specially 
designed tubes featuring accelerator grids next to the 
cathodes, these grids providing the electrons a head 
start (or at least a sense of direction) toward the low-
voltage plates. This eliminated the need for boosting 
the available battery voltage. Transistors, operating on 
naturally low voltages, generally eliminated the need 
to boost the automobile's 12-volt battery supply. 
Ironically, modern high performance solid-state car 
radios have migrated back to boosting the car's battery 
voltage to provide the head rattling "hi-fi" that certain 
"discerning" ears demand. 

These modern amplifiers use different methods of 
voltage conversion than the circuits of yore. Figure 1 
shows two different methods that are commonly used 
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Figure 1. Basic circuits for boosting the voltage of a battery. In A, the three 
capacitors get charged to the battery voltage, and in B, they are re-connected 
in series, producing three times the battery voltage, while they discharge. 

(Continued from page I) 

to boost voltages in modern battery-operated devices. 
One method switches capacitors, and the other method 
pulses an inductor with current. Circuits A and B 
show how capacitors are rearranged in a switched-
capacitor converter. A voltage converter integrated 
circuit (not shown) uses internal switches to configure 
a group of capacitors (Cl, C2, and C3 in Figure I A) in 
a parallel arrangement where all three capacitors can 
be charged by the battery. A moment later, the same 
integrated circuit reconfigures the capacitors in series 
(Figure 1B) and connects the stack of capacitors to the 
output. The output voltage is 3 times the battery 
voltage as long as the load does not draw too much 
current. If you are familiar with voltage doubler and 
tripler power supplies, you might recognize the 
switching arrangement. In general, this arrangement 
is reasonably efficient for doubling the voltage or 
inverting the voltage under relatively light loads. 
Higher voltage DC to DC conversion is accomplished 
more efficiently using an inductor. 

Figure IC shows how current through an inductor can 
be used to boost a DC voltage. When switch (S) is 
closed, current flows from the battery (A) through the 
inductor (L). While the current flows, the voltage 
across the inductor is more positive on the left side. 
The battery can also charge the capacitor (C) through 
the diode (D), if the capacitor is not already charged. 
The real excitement starts when the switch is opened. 
Before interruption, the current was maintaining a 

magnetic field in the inductor. 
Upon current interruption, that 
field begins to collapse, which 
generates a current in the 
opposite direction. The 
voltage on the right-hand side 
of the inductor is now more 
positive. The magnitude of 
this voltage (called the "back 
EMF") is determined by the 
equation V = (L) (di/dt). The 
term "di/dt" is the rate of 
change of current flow. This 
means that the energy that was 
stored in the magnetic field of 
the inductor can produce any 
voltage you might need during 
the discharge, as long as the 
inductance is high enough, and 
energy can be moved rapidly 
enough from the inductor to the 
rest of the circuit. With the 
switch open the inductor is in 

series with the battery. Together, the battery and 
inductor impose the sum of their voltages onto the 
capacitor through the diode. Once the inductor's 
energy is depleted, its voltage drops down and the 
diode shuts off. The capacitor is now charged to a 
value that is much greater than the battery voltage. If 
we put a load on the output of this circuit, we must 
turn the switch on and off rapidly to keep recharging 
the capacitor. 

My interest in "boost regulator" circuits comes from 
a project that has been brewing in my mind for some 
time. I collect FM radios and have wanted to build a 
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very small, portable FM radio out of sub-miniature 
tubes similar to the Hastings FM, Jr. This rare coat-
pocket radio uses "A" and "B" batteries to power its 
two tube super-regenerative circuit. I want to build 
one that operates from a pair of penlight cells. It 
would require a B battery replacement that fits into a 
space smaller than a 9 V transistor radio battery. If I 
had such a miniature power converter I could build the 
ultimate two-tube "Walkman" FM radio. 

With this impetus, and specification sheets from a 
number if integrated circuit vendors, I set out to design 
an appropriate DC-DC converter. As a test bed for 
candidate designs, I borrowed a 1 tube regenerative 
AM radio made from a kit. This set uses a 1S4 and is 
usually powered by 2 D cells and a 45 volt string of 9-
volt transistor radio batteries. The result of my 
experimentation is shown in Figure 2. It is a miniature 
3 volt to 30 volt power converter that works well with 
the 1S4 receiver. The design is a typical illustration of 
the switched-inductor method described above. It uses 
a Maxim MAX1771 Step-Up DC-DC Controller to 
manage the switching and voltage regulation of the 
boost circuit. LI is a low-impedance inductor that 
receives a 1 A pulse for about 2 ps whenever the 
controller chip decides more charge is needed on the 
output capacitor, C3. One side of the inductor 
connects to the positive battery terminal. The other 
side of the inductor is switched to ground through the 
MOSFET, Q 1 . Current flowing through R4 (0.1 ohm) 
is monitored by pin 8 of the MAX1771 controller 
chip, Ul. This information is used by Ul to assure the 
inductor current pulse is always 1 A. The moment Q1 
shuts off, L 1 dumps its energy through a Schottky 
diode, D1, into capacitor C3. A Schottky diode is 

used because it can handle high current, switch 
quickly, and has a low forward voltage drop. R1, R2, 
and R3 provide an adjustable voltage divider so Ul 
can sample the output and decide how often to switch 
Q1 on and off. By adjusting the rate at which current 
to Ll is switched on and off, U 1 maintains the output 
at a fairly constant 30 volts. 

I first built the circuit with standard size components 
to ease testing. After trying various MOSFET 
transistors and power inductors, I got a good feel for 
the values necessary to achieve my design goals of 10 
to 20 mA at 30 V for the power supply output. For 
each mA of output current at 30 V, the batteries must 
supply 10 times that current at 3 V. I did not want to 
draw more than a couple hundred mA from the 
batteries in a portable radio. Fortunately, the 
converter is about 90% efficient, so very little power 
is lost in the converter circuit itself. The version 
shown here can easily deliver 20 mA. 

To get an idea of how small the converter could be 
built, I made a second prototype using a mix of 
through-hole and surface mount components (Figure 
3). The photo shows a rectangular circuit board that 
is about 1 x 2 inches. You can see that I did not use a 
surface-mount MAX1771 on this board. The 
through-hole version of the chip is mounted sideways 
in an 8 pin socket. I was still in the test phase and 
wanted to replace the chip easily if it burned out. A 
surface mount version of the IC is available in a very 
tiny (S0-8) package, so it will not require much room 
in the final product. The resistors are all surface 
mount except the potentiometer. Since the exact 
output voltage is not critical, the potentiometer will 

eventually be replaced 
with a fixed value resistor. 
Inductor LI is the round 
surface mount component 
marked with an upside 
down " 101". In the center 
of the board is the large 
output capacitor, C3. It is 
a 100-V capacitor and 
only a 50-V one is needed, 
so it will shrink quite a bit 
in the next version. I can 
also use two capacitors in 
parallel to reduce the 
overall height of the 
circuit if need be. 
Capacitor C3 obscures 
both the tiny MOSFET 
transistor, Q1, and the 
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Figure 2. My 3-volt-to-30-volt converter or voltage booster. (Look, no tubes!) 
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small Schottky diode. They 
take up almost no space on the 
board and help make the whole 
design very compact. 

Wire jumpers are everywhere 
in Figure 3 showing that this 
was not a particularly well-
planned layout. Nevertheless, 
the exercise has convinced me 
that a very efficient 3-V to 30-
V DC-DC converter can be 
assembled for portable tube 
radio operation in a 2 square 
inch space. Don't try this trick 
with a dynamotor! (On the 
other hand, perhaps that, too, 
may be an option someday 
thanks to silicon micro-
machining techniques.) Now 
can get on with the task of 
building a sub miniature tube 
radio knowing that the B+ 
supply will fit the available 
space. If you are a collector of 
portable tube radios sets, you 
might consider looking into 
modern DC-DC converter 
circuits as an alternative to home-made battery stacks 
or expensive "B" batteries. The cost of using your 
old set drops dramatically when you can run the 
radio completely from a few rechargeable 1.5 volt 
batteries. 

Figure 3. Results of my first trial layout of the 3-volt-to-30-volt converter or 
booster. A little better layout and choice of components would make this unit 

even smaller than its present size, about 1.5 inches long. 

[For AM radios, you may have to experiment with 
shielding of the power supply, since the switching 
might cause some RF interference due to radiation 
from the switch components. Ed] 

For the Record 

The September meeting of the Mid-Atlantic Antique Radio Club was held on September 15th at the usual venue. 
Brian Belanger gave an illustrated talk on transformers that was well received (see Tidbits, p.14). About 58 
members attended. The auction contained a number of nice radios and parts, plus some mystery apparatus. It 
netted the club a whopping $496.50, of which $479.50 came from donated auction items!!!! 

The October meeting of the Mid-Atlantic Antique Radio Club took the form of a swap-meet plus auction held at 
the Davidsonville Family Recreation Center, formerly one a the Nike Ajax anti-aircraft artillery sites that cir-
cled Washington. The date was October 6th, and this day the place was covered with radios. About 45 vendors 
sold from their tailgates as the auction tables gradually filled up with consignees' apparatus and a large lot from 
the Radio History Society (RHS). An estimated 105 members and family members attended. The auction had 
many complete radios and a good quantity of box lots of new radio components. Anyone needing tubes, resis-
tors, capacitors, I-F transformers, power transformers, and the like had a field day. Prices were low, except for a 
few nice radios. 

Tony Young took charge of refreshments (thanks, Tony), and he did a brisk business in hoagies and soft drinks. 
Domi Sanchez reports that the club cleared $ 100.80, total, from $94.80 in commissions and a $6.00 donation. 
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How REJEVVSKI BROKE THE ENIGMA 

BY ED LYON 

The German Enigma cipher machine presented a formidable challenge to British cryptographers during the Sec-
ond World War, one they initially despaired of solving. The Poles, however, had a distinct advantage in their 
efforts to solve the cipher messages produced by this machine; they had the German instructions on how it 
should... er ... make that shall.... be used. There was the Achilles ' heel; inflexible German rules and orders that 
are the enemies of common sense. 

I magine a machine that is interposed between your 
keyboard and your word processor, one that 

whimsically swaps the letters you are typing. It 
would be identical to rearranging the letters imprinted 
on the keyboard's keys. "Dear John" might come out 
"Ftga Ndeo." If the space bar was also included in the 
swap, it might come out as a letter, as well, making 
the result "FtgamNdeo." A long "Dear John" 
correspondence typed on such a machine would 
appear as gibberish, but certain characteristics of the 
resultant text might be very revealing. The spacebar 
would appear as the letter just preceding almost every 
capitalized letter, since a space always precedes the 
start of a new sentence. In our example, the letter "m" 
must be the original spacebar. Counting the frequency 
of occurrence of the various 
letters in the whole 
correspondence would likely 
show that the letter "t" occurs 
most often, and is probably the 
original letter "e." Since 
correspondence usually starts 
out with "Dear so and so," the 
first four letters could be 
"Dear," which is corroborated 
by the second letter likely being 
"e" and the word having four 
letters. The "m" being 
identified as a space is ver. 
helpful, since it tells us the 
lengths of all the words in the 
correspondence. 

This is how a cryptanalyst 
would go about solving a 
simple substitution cipher, 
which is the kind of cipher we 
get when we swap the letters on the keyboard or 
typewriter. This is what Ovaltine's Orphan Annie 
code ring did, as well. Such encryption is so very 
simple that even children like to solve messages 
coded in this cipher. The newspaper comic pages 
often contain famous quotes encrypted in simple 

The formidable 4-rotor Naval Enigma 

substitution ciphers as puzzles for the readers. 

An obvious way to perform such substitution ciphers 
would be by typewriter-like machine. In the period 
between World War I and World War II, many cipher 
machines were developed, one of the successful ones 
being the Scherbius machine. This device had a 
keyboard and a set of 26 lamps, each bearing a 
translucent image of a letter of the alphabet. Each key 
on the keyboard operated one lamp. In the most basic 
setting of the machine, with no encryption, depressing 
the "A" key would light the "A" lamp, depressing "B" 
would light "B," etc. But Scherbius put a scrambler 
rotor in the circuit, the rotor having 26 contacts 
arranged in a circle on one side (the input) and 26 on 

the other (the output), but the 
contacts were scramble-wired, 
so that the first input contact, 
say, for the letter "A," was 
wired to the 9°' output contact; 
the second input contact, "B," 
was wired to, say, the 21s' 
contact on the output side, input 
contact "C" was wired to the 6°' 
output contact, and so on, the 
scrambling having been chosen 
at random. 

Now, typing the letter "A" 
would light up the "I" lamp (the 
ninth letter), while typing B 
would light up the "U" lamp 
(21'' letter), typing "C" 
produces "F," etc. So far we 
have effectively swapped the 
letters imprinted on the keys of 
the keyboard. The machine just 

produces a simple substitution cipher — so far. But, 
note that Scherbius' scrambler was a rotor, implying 
that it could rotate. Now, try this: each time the 
operator depresses a keyboard key, the machine will 
light up the simple-substitute letter, but it will then 
rotate the rotor exactly one space. Thus, inputting 

Radio Age • Month Year Visit MAARC's web site at www.maarc.org page 6 



Two rotors from an Enigma, with the one on the 
right disassembled to show the scrambled wir-

ing connecting input pins from output pins. 

(typing) the keyboard letter "A" will illuminate the 
letter "I" lamp, but the next letter typed, say, "B," will 
not produce the letter "U," since the rotor has moved 
one space, and typing "B" actually is identical to 
inputting the former "C," the next letter after "B." 
Now, "C" normally produces "F," but the rotor 
movement has advanced the outputs, as well as the 
inputs, so that the "G" lamp is lit instead. It is easy to 
see that any given keyboard-typed letter will produce 
different output letters, depending on how far into the 
text the typed letter falls. 

Still, once a cryptanalyst learns how such a machine 
operates, even if the scrambler wiring scheme is 
unknown, he (or she) can mentally "de-rotate" the 
rotor after each letter in the enciphered text, and 
providing the volume of resulting enciphered text is 
sufficiently high, it can be analyzed as in the case of a 
simple substitution cipher. Scherbius realized this, 
and so he designed his machine with not one 
scrambling rotor, but three of them, all wired in series. 
Thus, if the first rotor converted an input letter "A" to 
an "I," the second rotor might scramble the "I" to form 
"D," and the third rotor might convert the "D" to a 
"P." The three rotors are geared together such that one 
(the fast rotor) rotates the second rotor one letter's 
worth after it rotates a full rotation; the second rotor 
moves the third (slow) rotor one letter's worth as it 
turns one full rotation. Thus the fast rotor turns 26 full 
rotations in order to rotate the slow rotor just one 
letter's worth. This mechanism is like the odometer in 
your car in this respect, except that there are 26 
positions on each rotor, rather than the odometer's ten. 
Therefore, upon typing each letter from the keyboard 
the fast rotor moves one notch; after typing 26 letters, 
the fast rotor has turned one full revolution, and the 
second rotor moves one notch. 

The upshot of this mechanism's operation is that 
instead of having one fixed scrambler, like an Orphan 
Annie ring producing a simple substitution cipher, 

there are 26 X 26 X 26 (or 17,576) different 
substitution formulas. This means that in a normal 
message of, say, 500 characters length, the substitution 
scheme is different for each character in the message. 
Now, counting the frequency of occurrence of letters 
in the enciphered text is useless as an analysis tool. In 
fact, unless the cryptanalyst has access to the design of 
the machine, there is no practical way to know the 
meaning of the enciphered text. This was what the 
Germans wanted to hear when Scherbius sold them his 
machine. They tested the machine's performance 
repeatedly, using their best cryptanalysts, and what 
Scherbius said was apparently true; the enciphered 
messages were unbreakable. 

This, in 1933, was the problem that had faced the 
British cryptanalysts at their updated "Room 40" 
facility for the past five years, ever since they first 
realized the Germans were using a machine cipher — 
one they could not break. They did know (through 
espionage) what type machine was in use, but the 
wiring of the scrambler rotors was a mystery, and it 
was not apparent how to make a dent in the meaning 
of the thousands of encrypted radio messages they 
were intercepting. 

But a few hundred miles to the east, the Polish, too, 
had been trying to break into German messages. Led 
by Marian Rejewski, they looked deeper into the way 
the Germans used the Scherbius cipher machine, 
called Enigma, to see if there was a weakness any-
where. They knew, for example, how each German 
message started, this knowledge gained through 
espionage. Rejewski noticed that despite his knowing 
that every message in a given month might start with 
the letter "J," for JULI, part of the date, he never, ever 
saw the letter "J" in that position in the messages. 

It stands to reason, with all the multiple letter sub-
stitutions that take place in an Enigma machine, that 
every once in a while a letter typed into the Enigma 
keyboard will result in that same letter being illum-
inated — that's the way laws of chance work. A letter 
"J" might change in the first rotor to a "B," then the 
"B" changes to a "S" in the second rotor, then it might 
change to a "J" in the third rotor, and thus, might 
emerge, this instance, unchanged — it's still a "J." 
Well, it so happened that during a demonstration of the 
machine to some high German military officials, not 
one, but several such occurrences came about. The 
military official was outraged. It was a failure of the 
machine, as far as he was concerned. It must never 
happen again. This became mandatory thereafter. 
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And Rejewski learned of this requirement. To satisfy 
the requirement, the German cryptologic engineers 
added a "reflector" to the output of the third rotor. 
This was a set of wires that fed the output of the third 
rotor back into the output side of the same rotor. For 
example, on this third rotor the first output contact was 
wired to the 11th output contact, the second was wired 
to the le, and so on, with the wiring chosen at 
random, again. Thus, the outputs of the third rotor did 
not feed the lamp bulbs, but sent the signal back 
through the rotors, again, backwards. Finally, the 
circuit led through all the rotors and emerged from the 
input side of the first rotor, where it lit a bulb. But it 
could never be via the same rotor input contact as was 
initially energized by the keyboard, because it came 
back a different route, the result of using the reflector. 

Rejewski knew how the Enigma machine was 
designed in principle— he did not know the rotor 
scrambling schemes, though. When he discovered 
that characters never, ever emerged unchanged, he 
reasoned that it had to be because of a reflector. This 
was of great value to cryptanalysts: one of their ways 
of operating was to guess the clear text in certain 
places in a message, a method made easier because all 
German messages from a given command tended to 
follow a rote format. If Rejewski guessed a word, say, 
"JULI," as part of the date, and he found the 
enciphered text to read "SMAI," he knew that the 
guessed word was wrong, because of the unchanged 
letter "I." 

Through espionage, the Poles had stolen an old 
Enigma machine, a commercial model built prior to 
the use of the reflector and other enhancements, and 
they had the instruction books for a new military 
version of the machine. Rejewski dug deeply into all 
the rules that were compulsory in the German armed 
services, when it came to encryption. Some of these 
might help him discover more about the modern 
Enigma, especially the rotor wiring. He studied the 
standard German method of machine setup, and found 
some interesting facts. But first, we must understand 
what is meant by "machine setup." 

The basic Enigma machine comprises three scramb-
ling rotors, geared to each other via 26-tooth 
"Geneva" mechanisms plus a reflector that could be 
rearranged, and a third confusion factor, the "stecker" 
board, which further swaps several letters (up to six 
sets of letter pairs can be swapped). For both the 
sender and recipient of messages, it is obvious that the 
three rotors must be put in the proper order. Then the 
starting position of each of the three rotors must also 

be known, since that adds another dimension to the 
letter-scrambling. Now, the Enigma rotors, unlike the 
odometer in a car, had Geneva gearing that could be 
set to advance the next wheel at any notch on that 
wheel, through the operator's choosing the pawl 
setting of each wheel, not always at the last character, 
as in an odometer's "zero." Finally, the stecker wiring 
should be known, but given all the other setup factors, 
this final setting was relatively easy to solve. Now, as 
to Rejewski's reasoning, we consider the following. 

To begin with, these complex setup elements of the 
machine had to be known by both the sender and the 
intended recipient (or recipients — many messages 
were sent to vast numbers of addressees) before any 
message could be sent. Well, there were two ways of 
doing this: Method 1: set all machines in the entire 
service to a given setting, perhaps changed each 
month, each week, or each day; Method 2: use a daily 
(or weekly or monthly, but daily is best) machine 
setup to communicate only a vital, but simple, 
adjustment in the daily settings for that particular 
message; then, once that adjustment is read out by the 
intended recipients, they reset their machines by 
making the indicated adjustment, and then restart the 
message deciphering process, this time reading out the 
body of the message. 

This latter method is far more secure, because the best 
way a cryptanalyst breaks a tough cipher is through 
intercepting "in depth," that is, intercepting huge 
quantities of messages (especially those with 
stereotyped formats) known to use the same cipher. 
To set all the machines throughout a military theater to 
the same cipher for all the messages for a week (or 
even a day) would make the cipher very vulnerable to 
breaking by cryptanalysts. The latter method above, 
however, would have only a few characters 
(representing the machine adjustment needed) 
encrypted with the daily cipher, and if each message 
sender were to choose his own machine settings for 
each message, then there would be nothing in common 
in the cipher text circulating throughout the military 
theater. 

So far, knowing this was of little help to Rejewski; but 
then he noted the detailed instructions for the 
personalized selection of the machine setting 
adjustment by the operator. They went on and on 
about how to pick the three personal variables, these 
being the initial positions of the three rotors. [All 
else, including the wiring of the reflector, the order of 
the three rotors, and the location on each rotor for 
setting the pawl (or trigger) that moves the adjacent 
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(on the left) rotor, were fixed for each day.] The 
warnings given to the operator regarding his options 
for the rotor starting positions were formidable: 
"...you shall not use three-letter names, three-letter 
words or initials of friends or relatives; and you shall 
not use letters ascending or descending in the 
alphabet; you shall never repeat letters; you shall use 
randomly-chosen letters, always." Then he noted the 
admonition: "You shall type in the three initial rotor 
position letters, and then retype them a second time, 
just to ensure that a signal garble or static burst does 
not ruin the clear reception of these letters for one or 
more of the message addressees. You will then stop 
all typing, carefully advance the rotors to the indicated 
positions, and then commence typing the message." 

Quite obviously, setting a machine up on the daily 
common settings will result in messages coming out as 
gibberish, except for the six initial characters — the 
three characters denoting the proper rotor initial 
settings for this particular message, and then the 
repeat of those three letters. Rejewski thought about 
this for a moment, and then it suddenly hit him — "here 
is something we know for certain about every radio 
message we intercept." For example, if a message 
starts off, "RGYSDJ ," Rejewski knew that what-
ever letter produced the initial "R" also produced the 
letter "S" after the fast rotor clicked along exactly 
three notches. Likewise, whatever letter yielded the 
"G" also made the "D," and whatever made the "Y" 
also made the "J," each time after the fast rotor moved 
three notches. Further, he had hundreds, maybe thous-
ands of messages with this same pattern in the first six 
characters, even though the particular three characters 
would be different for most of the messages. 

The idea suddenly struck Rejewski that the sure 
knowledge that the Enigma produced two specific 
characters from one input character, simply by 
advancing three notches on the rightmost rotor must 
tell him something about the rotor wiring in use. He 
grabbed a handful of messages all from a given day's 
intercepts, and wrote down the initial six-character key 
for each message. He got a list looking like this: 

WLMSGT 

HUAMIC 

AQIOND 

KAYTKX 

FUSPLN 

HZ I FRS 

CJGUAM 

Then he listed only the first and fourth characters for 

each six-letter key, placing the fourth character 
directly under its companion first character, arranged 
in an alphabet: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 
0 U P M T F S 

He asked for more and more intercepts, and soon had 
the entire alphabet filled in: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 
OLUCIPWMTYXGFQZHDKBENRSVJA 

He made up separate charts for the other companion 
characters; the second and fifth, and the third and sixth 
letters in each six-letter key. Not sure what to do next, 
he noticed "chains" of letter pairs, like A and 0, 
followed by 0 and Z, then Z and A, forming a three-
pair closed chain. Another chain appeared: B-L, L-G, 
G-W, W-S, and S-B, this time a five-pair chain. 
Others included C-U, U-N, N-Q, Q-D, and D-C, 
another fiver, as well as E-I, I-T, and T-E, a short one, 
another being F-P, P-H, H-M, and M-F, and the very 
short J-Y, Y-J chain, and finally, K-X, X-V, V-R, and 
R-K. Totaling these chains up, he got one 2-link 
chain, two 3-link chains, two 4-link chains, and two S-
link chains. Sometimes the chains were very long, 
with 12 or 13 links, while at other times there were 
many very short chains. He had a hunch the chains 
had something to do with the fast rotor wiring, and 
nothing to do with the reflector wiring or the stecker 
selections. To prove it, he made some simple swaps of 
letters, like changing all As to Gs and vice versa, all Ps 
to Ts, etc, for five or six pairs, and the chain count 
was not altered by these swaps. 

He realized he had simplified the problem of breaking 
the Enigma terrifically. Whereas the original odds 
were 1 in 10 16 that he could not break the daily key 
settings, he had reduced the odds to 1 in 100,000, a 
manageable number. He intuitively thought that the 
chain count was tied to the daily settings uniquely, and 
so he had his crew take their home-brew Enigma 
machine, which had rotors of their own creation, 
rather than actual German rotors, and they encrypted 
hundreds of six-letter keys on each of several hundred 
imagined daily settings. He made up the chain charts 
for these, and then had chain charts made for a great 
number of the possible daily rotor settings, ignoring 
the reflector and stecker, a job that took the better part 
of a month for his crew. When they were finished, he 
found that through chain characteristics comparison, 
alone, he could narrow the search for the daily settings 
down to a few possible settings, rather than the 

100,000 facing him before. The stecker settings for a 
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whole month were made available through the efforts 
of spies, including a disgruntled German soldier, and 
these enabled Rejewski to recreate the wiring of all 
three rotors. The Germans seemed to have only two 
settings available for their reflector, making its 
variations virtually irrelevant. Now he could recover 
the daily settings, and through that find, just like the 
German operators on the receiving end, the three rotor 
starting positions from the six-letter keys. One 
obstacle was left: what was the German "input" 
alphabet? Rejewski had been using an imaginary 
"normal" alphabet, A, B, C, etc., to Z. But Scherbius 
had originally made typewriters, and might use an 
alphabet like Q, W, E, R, T, Y, etc., as the order of 
input terminals on the rotors. So he was temporarily 
stumped, but imagined that the Germans' lack of 
imagination would have them use A, B, C, D, ... as 
their alphabet. He wired his hand-made Enigma that 
way, and, after setting the initial settings he had 
discovered, trial messages came out perfectly. His 
hunch was right. 

Now, breaking back imaginary German military 
messages, using his home made Enigma machine's 
rotors, was a piece of cake. Through Polish espionage 
and cooperation with French spies, Rejewski managed 
to obtain two pilfered modern German Enigma 
machines, and so he now had real rotors, and he 
repeated the task of cataloging the chain 
characteristics for all rotor settings, this time for the 
real prize of breaking the Enigma. This took almost a 
year, but then his crew had completed the catalog, and 
from mid- 1934 onward, the Poles were reading 
German Enigma traffic as quickly as were the 
Germans. High-level state visits by Ribbentrop and 
Goering were made between 1934 and 1939, and each 
time they sent back derisive radiograms about the 
"stupid Poles," completely unaware that these Poles 
were reading their mail. 

The weakness in Rejewski's method was the huge 
effort needed in the event a small change was made to 
the Enigma, necessitating re-cataloging the chains. 
Over the next several years, he suffered through many 
minor Enigma changes, but in 1938 the Germans 
made a sweeping change. The six-letter indicator 
suddenly became nine letters, and it was not a 
"threepeat." For the first time, the Germans let the 
operators choose the basic (formerly daily) initial rotor 
positions, indicated by the first three letters. The last 
six were the usual repeated rotor initial position 
indicators for the message proper. 

Rejewski's method was rendered useless. He had 

relied on getting a huge quantity of messages having 
the same meaning for the six-letter indicator, but now 
each message used a different "daily" setting for the 
key to these six letters. He and Henryk Zygalski, a 
mechanical genius, discovered that about one percent 
of the time one of the letters in the message indicator 
three-letter set could become enciphered the same way 
both times in the six letters sent. Thus, if the message 
indicator had been GTS (of course, repeated to 
become GTSGTS), it might come out RJMRUV, 
meaning that the G was converted to R both times it 
occurred. They exploited these occurrences by making 
up six card sets, one for each of the six rotor orders, 
each set comprising 26 stiff paper sheets, one for each 
possible initial setting of the fast rotor. A card's X-
axis had spaces for each possible starting position of 
the second rotor, and the Y-axis plotted the initial 
position of the last rotor. Holes were punched at the 
coordinates where the repeats occurred, and stacking 
the cards up in various ways, they looked for light to 
shine through hole coincidences. (Was this the first 
IBM card machine?) 

But this method was fragile, and the paper cards wore 
out quickly. As a substitute, Zygalski made up six 
Enigma machine replicas, all running in synchronism, 
from common motorized shafts. One machine was set 
for each of the six possible rotor orders, and, at high 
speed, all machines were set into operation, with one 
of the "repeat" letters inputted. All machines were 
wired in series, and all cycled through all possible 
initial positions, and when the right output lamp lit, it 
also triggered a stop (the machines were de-clutched 
to stop immediately) at the proper settings. This mon-
strosity they called a "bomba." 

Being thus able to recover the machine settings for 
each message put Rejewski back in business, for 
another year. It required that they search for certain 
six-letter keys, namely those in which a letter ap-
peared whose chain length was the shortest possible: 
one link. This occurred about one percent of the time, 
but with thousands of intercepted radio messages each 
day, they had a good quantity of samples to input to 
their apparatus. 

After years of successes, interspersed with short set-
backs caused by German changes in their hardware, 
Zygalski's "bomba," suddenly faced disaster in early 
1939. At that time the Germans equipped their 
machines with two additional rotors, but continued the 
original use of three (out of the five) at a time. Now 
they added to the daily setting routine the choosing of 
which three of the five rotors to use. It multiplied the 
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difficulty faced by the Poles, from six possible rotor 
arrangements ( 1,2,3; 2,3,1; 1,3,2; 3,2,1; 3,1,2; and 
2,1,3) to 60 possible selections. The bomba would 
have to be made one hundred times larger, to handle 
the extra rotor possibilities, clearly an impossible task, 
now that war seemed very close. To confound the 
Poles even more, the stecker was now equipped with 
not six cables for swapping letter pairs, but ten. 
Rejewski realized he could not cope with these new 
changes, just when the Poles needed most desperately 
to intercept German radio messages and read them. 
He decided time was short, and he should give all his 
machinery and knowledge to the French and British, 
hoping they could combine it with what they were 
doing toward German message breaking. This he 
imagined was far superior to his own results to date. A 
meeting was arranged with French cryptanalysts and 
the "ex-Room 40" boys from Bletchley Park, to take 
place in Warsaw. The visitors, yawning occasionally, 
listened politely as Rejewski shyly explained the 

The Enigma rotor kit that broke Rejewski's 
"bomba" had five rotors, of which three were 
chosen at random for each day. The kit pictured 
here was even more diabolical—ten rotors (7 in 
the box plus 3 in the Enigma), of which three are 
chosen at random each day. 

nature of their seven-year project, but when the 
covering tablecloth was withdrawn, and they saw the 
bomba and heard how Rejewski had been breaking all 
German traffic for the past several years, they were 
slack-jaw astonished. They had long since given up 
on the Enigma, certain the only way to break into it 
was to steal a machine with its daily settings code 
book, hoping the Germans would not change it. This 
meant they would have to steal these codes regularly, 
and surreptitiously, a very tough job. Any mistake in 
this pilfering activity discovered by the Germans 

would mean wholesale changes in Enigma, and loss of 
all capability. In Rejewski's methods they saw that it 
was possible to break what they had "known for over 
10 years to be unbreakable." They got all Rejewski's 
equipment and blueprints out of Poland and into Paris, 
and then into London. Rejewski followed, soon 
thereafter, but was not allowed to get into the code-
breaking business in England, since he was "foreign." 
His bomba was duplicated many times over, re-
designed to work with "cribs," instead of "repeats," re-
named a "bombe," and started the work of breaking 
the new Enigma for the British. For the Bletchley 
Park boys, "cribs" were highly reliable guessed-at 
decrypts of words, based on German message 
stereotyping. 

Later, the British became aware that the German 
Naval Enigma machine was used with far more 
security awareness than was usual with Enigma. The 
key rotor initial settings were NOT repeated, ruining 
the work of the original bomba, and then the Germans 
added a fourth operating rotor, then later, a fifth. In 
addition, they kept up to 12 different rotors stored with 
the machine, every one of these augmentations 
multiplying the effort needed to break Enigma 
enormously. But Rejewski had showed the way, and 
the new breed at Bletchley Park, rather than wringing 
their hands, stepped up to the task. Of course, 
sometimes they had to resort to old-fashioned stealing, 
to speed up the work. They regularly stole machines 
and codes from German weather ships in the Arctic. 
The British pirates often waited for brilliant aurora 
borealis displays to ensure disrupted radio calls for 
help by the victims, then carefully attacked, with the 
captured ships skillfully crushed in the ice and 
sinking, leaving debris all over the pack ice for the 
Germans to find. Somehow it all succeeded, and, 
except for Admiral Doenitz, no high-ranking German 
ever seriously doubted Enigma's invulnerability. And 
Doenitz's concerns were scoffed at by the rest, so he 
meekly swallowed his skepticism. 

Recovered recordings of intercepted messages from 
some of Doenitz's U-boat skippers to headquarters 
reveal that several of these skippers were convinced 
the Allies were reading their enciphered messages, 
based on the uncanny appearance of British or U.S. 
hunter-killer planes or anti-submarine warships at 
exactly the time and place of delicate U-boat refueling 
operations in the mid-Atlantic. 

NNNN 
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BOOK REVIEW 

BY 
GEOFF SHEARER 

The Complete Price Guide to Antique Radios: 
Tabletop Radios -Volume 1 

By Mark V Stein 

I recently received Mark Steins' latest book and I was de-
termined to write a review. However, I misplaced the book 
and had to borrow Donald Cochrane 's in order to com-
plete this task. As I booted up the computer I opened up the 
doors to the Victrola we have in the library and there was 
my book, in with the records. Talk about senior moments - 
why in the world would I have put it there? Anyway, heres' 
what I think of Marks' latest book. 

I really like the Radiomania books because of the 
introduction, acknowledgements, price guide values, 
but most of all - the "general considerations" section 
which is a "must read" for all radio collectors. Mark 
goes into an outstanding explanation of the various 
plastic cabinets and why they hold their particular 
values, how items such as rust and missing backs af-
fect the price of a radio, and what wood finishes were 
used on radios. Please read these introductory items - 
they're great. Tabletop Radios - Volume 1 also in-
cludes resource listings to help the radio collector 

hook up with the hobby. 

Volume 1 is laid out similarly to the earlier Machine 
Age to Jet Age, but has much better features. The first 
book carried six radios per page whereas the "new" 
Volume 1 contains nine sets per page with the tube 
numbers listed. Also, the first book had blank spaces 
between manufacturers (e.g., DeWald - Emerson). 
This latest book doesn't do that so it's packed with 
more pictures. That reminds me, Mark added new 
sets to this book so you'll have all the pictures from 
the first book plus a whole lot more. The pictures are 
black and white but nice and crisp. 

The best part of this new price guide is the listing of 
all the sets in the first three volumes with "new" price 
quotes plus an index to locate the set. This cross ref-
erence lists over 9,000 radios with the basic manufac-
turer information, model year, number and name, all 
known variations and market value for 2003. The 
only problem I found was in the price quotes for the 
Stewart Warner sets - the publisher duplicated some 
of the listings and added zeros on the prices. This is a 
truly wonderful book and I invite Mark to Radioac-
tivity in June to sell and autograph this and previous 
publications. 

Geoff 

RADIOACTIVITY-2003 UPDATE 

We have news about our progress toward finalizing all the details of RadioActivity-2003. First of all, the dates 
are set into concrete— June 6, 7, and 8, 2003. And those dates are Friday, Saturday, and Sunday, this time, 
rather than our usual Thursday start. We anticipate a Friday dawn start for the fleamarket, this year in response 
to numerous complaints from attendees who either have to take off from work or have to travel a distance to 
get to the meet. The location is same as last year, the Sheraton College Park, located at the intersection of In-
terstate 95 and MD Route 212 (Powder Mill Road), just one exit north of the Beltway. Special rates will be 
arranged with the hotel for a block of rooms handy to the conference rooms and fleamarket entrances. Free 
coffee and donuts again, and lunches served right on the patio, only a few feet from the fleamarket. 

The theme this year is Philco. In keeping with this theme, the Old Equipment Contest (OEC) will feature a 
category for Philco radios. A summary of OEC categories is: 
1. Philco radios and associated material (theme category); 2. Yellow radios (must have been yellow when it left 
the factory, not painted later, nor a faded Catalin); 3. Classic plastic radios of the 1930's and 1940's (no cata-
lins — these belong in Category 9); 4. Test equipment — tube testers, signal generators, scopes, etc.; 5. One-tube 
wonder radios; 6. Radios with clocks in them; 7. Tubes and tube boxes; 8. Foreign radios; 9. Catalin radios; 10. 
Multi-band table radios & communications receivers; 11. Audio gear — hi-fi, early stereo, tape/wire recorders, 
amps, tuners, etc.; 12. Modem homebrew radios in vintage 1920's/1930's style; 13. Manufacturer's parapher-
nalia — item's with a manufacturer's name on them — paper, advertising, tools, customer incentives, showroom 
items, etc.; 14. Three-dial battery radios, 1920's vintage; and 15. Novelty radios — transistor or tube 

Stay tuned for the news of the very special seminars and presentations, and the banquet theme on Saturday. 
We wanted to give you an early glimpse into the OEC categories, so you can get a head start on that special 
project of preparing a prize-winning entry. Don't forget that documentation of the entry is essential to getting 
a first prize. Main point, though, is this: Mark your calendar NOW! June 6, 7, and 8. 
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RCA's LITTLE NIPPER DIVISION —A SEQUEL 
BY ED LYON 

There have been several articles in this journal regard-
ing the RCA Little Nipper line of radios. I did a lot of 
research on the subject over the past twenty years, and 
found that several bits of evidence point to RCA set-
ting up a special department to market, design, and 
build the Little Nipper radios. I wondered why, but 
suspected that RCA management was disappointed in 
RCA's sales of small personal, "young-peoples' ra-
dios." It was easy to see why: RCA was a ponderous 
corporation, used to making decisions through endless 
meetings of committees. Meanwhile, Fada, Arvin, and 
Emerson were eating RCA's lunch. 

Even Sears was outselling RCA in small radios, and 
one reason was that Sears could get companies like 
Gilfillan Brothers (in suburban L.A.) to deliver brand-
new-design radios in quantities of 1000 in less than 
two weeks. Emerson and Fada were also able to de-
sign a radio, have a cabinet made, and then slip any of 
five or six ready-designed chassis into the cabinet. 

So RCA management made this new division, aimed 
at agility in responding to demands for clever little 
radios that could sell for less than $ 10. According to a 
credible interview with the late Larry LaPatka, an 
RCA production engineer in 1937-42 conducted by 
Floyd Paul (SCARS), this division operated like the 
Lockheed "skunk works," hiding their designs even 
from the rest of RCA. They benefited, though, by us-
ing RCA's massive purchasing and accounting depart-
ments to get bargain-priced parts and keep track of 
them. 

Their Little Nipper designs were very successful, in-
ducing RCA management to keep the group going, 
despite grousing and accusations of bad business man-
agement by other RCA groups. They took over the 
entire fourth floor of the old Victor building in Cam-
den, and turned out several designs of the little radios. 

The first design, the 9TX— series, had 13 different suf-
fixes, for the 13 models eventually produced. These 
models differed in cabinet designs, mostly, but there 
were different tube lineups and chassis designs, as 
well. Then emerged the 9SX— series, with two bands. 
Two other model series were developed, but partway 
into the last model, RCA thought that many of the 
complaints from other divisions might hold water— 
this upstart division was not carrying its part of the 
RCA overhead, and the profits were fictitious. 

As a result, the last series was made by the general 
RCA Victor division, now trimmed down in its mar-
keting department to be able to exert more pressure on 
design and manufacturing to be more responsive to 
market demands. At least the Little Nipper Division 
had taught them a lesson. 

The odd little Catalin Little Nipper cabinet that 
emerged as RCA Victor reclaimed the Little Nip-
per Division in 1941. 

I became very interested in this division, because I had 
found the original steel arbor and its drawings from 
the old Catalin Corporation, clearly marked with RCA 
as the owner, but could never find a radio out there in 
the public that corresponded to this arbor. Yet the ar-
bor had been used, based on its wear and tear, so there 
should have been cabinets out there in this design. 
Catalin Corporation records showed that at least 200 
radio cabinets of this design had been made and deliv-
ered to Plastic Turning Corporation, Leominster, MA, 
who was the finish contractor for all of Catalin 's prod-
ucts. 

It is apparent that the timing, here, was crucial. The 
cabinets were made in 1941, right after the dissolution 
of Little Nipper as a division. It was probably a quick-
turnaround design by RCA Victor, and used an exist-
ing chassis from the 45X-series. The cabinet has all 
the fittings and features of that UL-approved model 
(bullet-shaped boss to center the chassis, no screw 
holes in bottom, etc.). Only thing missing is the grille, 
whose design is completely unknown. RCA did not 
contract for a grille from Catalin Corp., and so they 
either intended for the radio to use a soft plastic grille, 
or an existing Plastic Turning Corp. grille. Anybody 
seen one of these? 
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1. Brian Belanger's talk at the MAARC 
monthly meeting on September 15 was 
on transformers and coils—a subject 
often covered far too briefly in radio 
repair seminars. He showed how to 
identify them, how to test them, and 
how to repair or replace them, even 
when they bear no identifying markings. 

But the most interesting feature of Brian's talk was his 
explanation of the variation of inductance of an iron-
core transformer or choke with d-c current through the 
winding. He showed the following plot for typical 
coils, which shows why some cheap, compact choke 
replacements don't work out so well in reducing hum 
in radios. When the tubes draw current the cheap 
choke virtually stops being a choke. 
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The curves here show the way indictance falls as d-c 
current increases in an iron-core coil. Curve S is for a 
choke rated at 30-milliamperes d-c current. 

2. IT'S IN THE BAG by Dick Young 

A lot of the fun of this hobby is in the pursuit of ra-
dios. Kind of like dating back in high school! Some-
times, a radio comes with its own history, or at least an 
interesting anecdote. Such is the case with my latest 
find, a green Catalin Emerson EP-375. 

The EP-375, commonly referred to as the five plus 
one, features vertical grill bars in two groups: a group 
of five and one single bar. Colors were available in 

white (now butterscotch), oxblood red, green and blue. 
Some came with handles, and some came with brass 
rivets holding the grill pieces in place. Although the 
total package is small and cute, the radio chassis itself 
is just a rather conventional, five tube AC/DC set. 

Paul, the previous owner, recalls that this particular 
radio was purchased around 1941, when he was just a 
tot. It was his mother's favorite radio, and spent most 
of its life - and hers - by her bedside. The radio disap-
peared from sight about the time Paul's mother passed 
away. Very recently, as Paul was cleaning out the old 
homestead, he quite by accident came across the old 
radio. As he later learned, shortly after his mother's 
death, a cleaning team had gone through the house, 
packing up boxes and bags of clothes and assorted 
household appliances for charity. A bag stuffed with 
clothes with the green Catalin radio on the bottom was 
put out on the porch for Goodwill to pick up. After 
two days and no sign of the Goodwill truck, someone 
retrieved the bag from the front porch and stuffed it in 
a back closet. So it was just by a stroke of luck that 
Paul looked inside the bag, before tossing the whole 
thing in a dumpster. 

As an avid eBay browser and general antiques buff, 
Paul knew the value of the radio. He also knows that 
I'm a radio nut...so we cut a deal, and I ended up with 
the thing, at a "wholesale price," of course. It had not 
a scratch or chip on it. After carefully buffing off the 
yellowish-orange tinge, the beautiful swirled green 
color came through. Now there it sits, next to its ox-
blood red sister. 

So the fun of this hobby is that you never know what 
will show up-usually quite unexpectedly, too. But be-
fore you toss those mystery bags of junk in the dump-
ster, check to see what's inside. 

For the uninitiated, these are examples of the Emer-
son EP-375, this picture snapped at a prominent 
Catalin collector's bookshelf. ( Note that the Emersons 
are stacked two-deep! Great balls of fire!) 
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Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

For Sale: Crosley Model 51 
(working). Radiola 20. Atwater 
Kent Model 36. Philco Farm 
Radio. Phico Tombstone Model 
16B. 2 tube Homebrew (laugh-
able attempt). Many others, re-
storable, pickup. Wally 
Anderson, Falls Church, 703-
560-6227, knwa@erols.com 

For Sale: ARBE-III, universal 
battery eliminator, $ 161.95 
including S/H; comes with a full 
5 year warranty, owner's manual, 
and wiring diagrams for many of 
the common battery operated 
radios from the 1920's; provides 
isolated A, B, C power sources in 
one self contained unit; the "A" 
supply is continuously adjustable 
from 1.25 to 6.5 Vdc and 
provides up to 2.75 amperes 
continuously; the "B" supply 
provides 5 different fixed, 
regulated and short circuit proof 
voltages ( 135, 90, 67, 45, 22 
VDC); the "C" supply provides - 
22, -9.0, and -4.5 Vdc, also 
regulated and short circuit proof. 
Visit us on the intemet at www. 
arbeiii.com. Or order by mail at 
Antique Radios Inc, PO Box 
6352, Jackson, Michigan, 49204. 
Email, arbeiii@yahoo.com 

For Sale: RCA 77DX micro-
phone, good condition, complete, 
working, $ 1000. Can email 
digital photos to those interested. 
Arnie Hauser, 2919 Tapered 
Lane, Bowie, MD 20715, 301-
262 - 9727 , email: 
armil@ccconline.net. 

For Sale: Knobs, pushbuttons, 
and 1941/42 Philco escutcheon 
reproductions are now available. 
Contact us for specific model 
numbers on escutcheons. Old 
Time Replications, 5744 Tobias 
Avenue, Van Nuys, CA 91411; 
818-786-2500. 
http://www.antiqueradioknobs.cm 
oldtimerep@aol.com 

SERVICES: Professional 
restorations for all antique table 
radios, consoles, cathedrals, 
tombstones, battery sets, and 
communication receivers. 
Complete overhauls. Lacquer-
sprayed, hand rubbed cabinet 
refinishing. Reasonable rates. 
Free estimates. UPS/USPS/ 
FedEx shipments accepted. All 
work guaranteed. Bob Eslinger/ 
KR1U, Antique Radio 
Restoration & Repair, 20 Gary 
School Road, Pomfret Center, CT 
06259. Hours: 9am-5pm eastern 
time, Tuesday thru Saturday. 
Telephone/fax: 860-928-2628 E-
mail: bob@oldradiodoc.com. 
Please come visit us in 
Connecticut or on the web at 
http://www.oldradiodoc.com 

Subscribe to Autocall, the 
official monthly publication of 
the Foundation for Amateur 
Radio (FAR), Inc. Keep up to 
date on all FCC decisions, 
hamfests, swap meets, and club 
meetings; Call John Swafford, 
703-536-9537, to get on the 
mailing list. 

For Sale: P.H.Brans' "Radio 
Schemas'," five-volume set of 
European radio schematics books, 
covering the years from 1929 to the 
war years, on CD-ROM, in easy-
to-use PDF format, only $50. Ed 
Lyon, 11301 Woodland Way, 
Myersville, MD 21773. 
LYON@FRED.NET 

"MAARC Schematic Service" is 
now RHS Schematic Service. 
Radio schematics $3 for the 1st, $2 
for each additional (same order). 
TV schematics are $5 for the first, 
$3 for each additional (same or-
der). Checks should be payable to 
RHS. Librarian, Radio-Television 
Museum, 2608 Mitchellville Rd., 
Bowie, MD 20716; 301-258-0708. 

Radio Age Bonus Offer! 

One Month FREE for 
Early Renewal! 

If you renew your MAARC 
membership before the month 
shown on your mailing label 
(your expiration month), you 
will receive an extra month of 

Radio Age! 
13 issues for the price of 12, 

26 issues for the price of 25, etc. 
Check your mailing label and 
renew early—don't miss out! 
(Renewal notices are mailed 

30 days before your 
renewal month.) 
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Sun., Nov. 17 

Sat., Dec. 15 

Sun., Jan. 19 

Sun., Feb. 16 

Sun., Mar. 16 

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

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

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

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

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

Watch for announcement of the great March 2003 Meet in Charlotte, NC 
(Carolinas Chapter AVVA) 

Also watch for announcement of special MAARC April meeting to be held at 
Sully Station, Chantilly, VA. 

Don't forget, the hamfests will begin again as soon as the snows start to melt, 
with the first big one of 2003 in February. 

Fri.-Sun., June 6-8 MAARC's RadioActivity 2003 at Sheraton College Park, 
1-95 at MD Rte 212. 

Mid-Atlantic Antique Radio Club 

do Paul R. Farmer 

P.O. Box 352 

Washington, VA 22747-0352 

2004-03 
Bruce Shetrone 
969 Shore Acres Rd 
Arnold, MD 21012-1724 
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