
 
  

Radio – the Early Days – 

W E are all familiar with the notion that radio 
developed as an extension of the telegraph 

and telephone, as experimenters sought to project 
messages and voice signals over terrain (and 
waterways) that precluded the easy laying of the 
wires necessary to carry the signals.  Of course, the 
telegraph and telephone had to be invented first.  
Even these had a complex beginning, starting with 
the idea that generating a signal by some known 
electrical phenomenon, such as rubbing amber on 
fabric and transmitting the resulting charge of 
electricity along a salt-soaked string (and then, later, 
a wire), carefully insulated from the earth (which was 
recognized as a canceller of electric charge) to a 
distant (maybe 100 yards) place where tiny bits of 
paper in a glass tray under the wire would be 
attracted to the wire.  The observant person at the 
receiving end could be trained to recognize the time 
spacing of the paper bits jumping on and off the wire 
and translate these into crude messages.  Meanwhile 
on mainland Europe, the same experiments were 
proceeding, using the same amber and cloth 
transmitter but using frog legs, recently removed 
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from live frogs, as receivers, noting their twitch as 
signals were received.  Can you see it now: “Didn’t 
you receive my message last evening, Luigi?”  “No, 
my wife made a lovely soup of the frog legs 
instead.”  
 
That sort of beginning was commonplace in the 
development of these arts and sciences: it was 
usually easy to generate a message and transmit it 
by some electrical means, either a current on a wire, 
or, after Hertz, with electromagnetic waves in the 
“ether.”  But the reception of the transmitted signals 
was more elusive.  In telegraphy it went through the 
static electricity stage and onto the successful 
electromagnetic stage only after Joseph Henry’s 
demonstrations of electrically-powered magnets – 
the joining of electricity and magnetism.  This made 
the telegraph sounder a cinch, as well as the 
headphone or telephone receiver, and later, the 
relay, acting as an amplifier, to extend the range 
over which telegraphy would reach [1].  Further 
refinements came more naturally, duplexing the 
interconnecting wires to maximize the density of 

(Continued on page 3) 

 
THE MECHANICAL VIEW OF ELECTRONICS 

BY ED LYON 
When we look at the early stages in the development of radio, television, electronics, and computers, it is apparent 
that each major stage was initiated by a stage of development that involved mechanics, and then gradually 
morphed into electrical (and then electronic) instantiations of the art, and in some cases the transformation has 
just recently been completed. 
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signals enroute, thus saving costs, for 
example. 
 
Radio followed the same pattern.  
Generation of the disturbance, recognized by 
Hertz and Maxwell as an electromagnetic 
wave, was not a large problem.  Lightning 
showed the way.  Make an electric spark, and 
the waves are automatically generated.  
Couple the spark wiring to a tuned 
(syntonous) circuit, which can be as simple 
as a tangle of wires held aloft and away from 
the signal-swallowing earth, and as complex 
as a dozen coils of wire and their interconnected 
Leyden jar capacitors, and you have transmitted a 
burst of such waves – a signal.  Now, how to receive 
it; always the tougher job. Do those Maxwell/Hertz 
waves affect the senses of taste, smell, sight, hearing 
or touch?  Do they make any chemical, thermal, 
acoustic, or optical effects on any materials we know 
of? How can we recognize that a message has been 
sent?  These were the questions needing answers.  
And the answers came painfully and slowly, with the 
invention of things like Marconi’s magnetic 
detector, Dunwoody’s crystal detector, 
Fessenden’s electrolytic detector, the many 
different and mysterious coherers, and finally, 
Edison’s effect, a byproduct of the electric 
lamp invention.  He had found that the glass 
bulb area nearest the positive end of a lamp 
filament (they used d-c in those days) had 
darkening on its interior surface, but the glass 
near the negative end did not.  Fleming, who 
understood that radio signals being transmitted 
rather readily by everybody were high-
frequency oscillating electromagnetic waves, 
and that in Morse signaling with them, it was 
the envelope that carried the message; the 
interior content of the envelope, being a simple 
sinusoidal wave, had no function except to carry the 
signal away from the transmitter. So, by rectifying the 
wave, upon intercepting it with a wire antenna, the 
envelope would not have self-canceling positive and 
negative halves, but would have one or the other, 
depending on the orientation of the rectifier – and 
Edison’s lamp bulb, with an added wire and a battery 
to make the wire positive, so as to pick up the stuff 
that causes the darkening of the glass, could well be 
the rectifier that can recover the Morse signal.  And, 
by the way, then they realized how galena and 
carborundum crystals worked.  And thus was born the 
purely electronic method of receiving. 

(Continued from page 1) 

 
But the transmitting, so easily conceived originally 
as a spark not unlike lightning, coupled to a wire 
antenna, interfered terribly with other 
transmissions, and the ether could hold only so 
many such transmissions; …..” unless we made 
them enormous, each made more powerful than the 
others, to overwhelm the interference.”  No, no, that 
way is foolish.  Power, they thought they needed, 
because they operated at frequencies where the 

(Continued on page 4) 

Dual 500-kW Federal Arc trans-
mitters, each 9 feet tall. 

Fessenden 250-kW rotary spark set (left) and twin 200-kW 
Alexanderson alternators at Kahuku, Hawaii  Navy Radio. 
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losses were very large, but tuning and taming of the 
spectrum consumed by each transmission were also 
critically needed.  And thus were born the 
Alexanderson alternator, Marconi’s synchronized 
sparks, Fessenden’s rotary timed-spark machine, 
Elwell and Poulsen’s arc transmitters, and other 
enormous and complex machinery, most so large 
that it was not possible to use it on ships at sea, 
where sailors saw wireless communication as a real, 
genuine necessity, and not just convenient and 
clever.  In the pictures of these machines, it is not 
possible to see wires or other usual evidence of 
electricity – all one sees is machinery – dwarfing the 
human operators. 
 
It would not be until 1915 that the new science of 
electronics would be harvested to produce and 
receive radio signals, and it was the earlier (1912) 
bumbling of deForest, inventor of the first basic 
electronics device, the triode tube, that forced him to 
sell rights to that tube to Bell Telephone, who 
performed the 1915 feat of using their improved 
triode vacuum tubes to transmit and receive voice-
modulated signals crossing the Atlantic and the US 
continent.  The purchase of those triode rights by 
Bell enabled a real band of inventive geniuses to 
perfect deForest’s  triode tube, which had 
languished as a haphazard curiosity since 1906.  
Within five years the US had broadcast 
entertainment radio underway, and within ten years, 
almost every family in America had heard a radio in 
operation.    
 
Computers and Their Mechanical Beginnings – 

The slide rule was a classroom device, cared for, and 
carried by mathematics and engineering students 
throughout the period from about 1900 to well into 
the 1960s.  This piece is about mechanical devices, 
like slide rules, that carry out specific mathematic 
and computational processes to solve problems.  An 
example of a slide rule is shown here as Fig. 1, this 
model being a relatively simple type able to carry 
out multiplication, division, and geometric and 
similar engineering solutions to problems.  The 
invention of the slide rule was a gradual thing, 
beginning with the development of logarithms, by 
Napier, in the early 1600s.  In about 1620, a fellow 
named Gunter made up a ruler with logarithmically 
spaced numbers, and found that measuring distances 
on it with regular rulers enabled him to find answers 
to multiplication problems, thus eliminating the 

(Continued from page 3) 

need to count out pebbles or sticks.  About two years 
later, after Gunter’s idea of a logarithmic scale on a 
ruler became better known, a Cambridge teacher, 
combined two such scales, and could carry out 
multiplication and division by sliding one scale past 
the other, reading the answer (the product) at an 
index mark on one of the scales. 
 
By 1800, the slide rule was well known, and 
improvements came along regularly, such as adding 
multiple cycles of the logarithmic scale, enabling 
solving for squares, cubes, and their roots. These 
were called polyphase slide rules, and by 1900 slide 
rules could be had with trigonometric scales, 
involving sine, cosine and tangent scales, and soon 
thereafter, their hyperbolic forms.  The main 
problem with slide-rule computation was accuracy, 
or rather, lack of it.  For many problem needing 
calculations, this was not a major issue, largely 
because the physical model of the system or object 
described by the mathematics hardly ever benefited 
from higher accuracy.  Wernher von Braun, for 
example, relied on his trusty Nestler slide rule, 
brought to America from his lab in Germany, for all 
his basic calculations regarding design of the 
Redstone rocket, but the actual drawings of the 
rocket system required the use of considerable 
machine computation, first by mechanical desktop 
calculators, and eventually by massive digital 
computers. 
 
During the heyday of the slide rule, many 
engineering firms employed staff, called 
“Calculators,” who did nothing but run through 
slide-rule calculations for the engineers, letting the 
latter continue with creative parts of their 
assignments.  This was commonplace in England 
and other parts of Europe, and was followed here, to 
an extent, especially in the aerospace industries.  In 
England, for example, the 1924 design of the 
Vickers R-100 dirigible required computation of the 
lengths and tensions of all the cross-bracing cables 
and the resultant stresses in the rigid struts and 
stringers, all such calculations done by teams of 
Calculators.  Every engineer would recognize that 
cross-bracing by cables involves indeterminate 
solutions to the dimensional and force computations, 

Figure 1, A Pickett slide rule from the 1960s. 
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that might be tens of kilometers distant.  Up to and 
including the US Civil War, naval ship-to-ship 
artillery involved separations of perhaps two hundred 
yards, maximum. (Monitor and Merrimac fought at 
100 yards range, for example (not much more distant 
than Justin Tucker’s best field goal for the Ravens).  
WW1 changed all that and called for a solution to the 
problem of determining the direction, and with what 
elevation angle, shell weight, powder charge, 
geographic location, wind conditions allowance, gun 
barrel erosion allowance, target-ship velocity, own-
ship velocity, pitch, and roll, and instant of time must 
a ship shoot this shell to hit the enemy ship that is 
barely visible on the horizon.  WW2 made the 
problems yet more severe, and some of these were 
helped to solution with radar.  But during both wars, 
and through the Viet Nam affair, the solutions to at-
sea gunnery were made tractable by mechanical 
computers, and not entirely by electronics.  As 
recently as the Gulf War, mechanical fire-control 
computers were in use on de-mothballed battle-ships, 
for their artillery firing. 
 
An example of the kinds of mechanical devices 
invented to carry out mathematical problem 
solutions, aside from the slide rule, is the integrator, 
which can find the distance traveled by any object 
whose velocity can be inputted, and accurate time is 
kept.  This is, of course, because distance is the 
integral of velocity over time.  One mechanical 
method of computing integrals, such as distance 
traveled by own-ship or a target was the roller-ball-
disc integrator, an example I sketched rather crudely 
in Fig. 3.  Rotating the roller uniformly over time, 
perhaps with a spring-wound motor (like an old 
wind-up phonograph used) inputs the passage of 
time, and setting the position of the ball along the 
roller (by housing it in a friction-free cage that can be 

(Continued on page 6) 

but they were tackled nonetheless, requiring up to a 
man-month of full-time calculation for a single panel 
of structure and cables, using multi-scaled 
(cylindrical) slide rules.  This author’s company had 
to design and construct a number of huge helical 
antennas for the shortwave bands, using a ribbon-like 
aluminum alloy material for the helical element (25 
feet in diameter and over 100 feet long, mounted on a 
wood-and-tension-rod cross-braced structure (like a 
dirigible framework, but much heavier in all 
respects).  By means of slide rules and Friden desk-
top calculators, the job was done, and the resultant 
antenna (serial number two of the five built), when 
first erected at Roswell, NM, had its picture taken, 
shown here as Fig. 2. 
 
The Germans, always eager to seek higher accuracy 
in everything, devised a 2-meter-long slide rule that 
required a stand because of its weight, and had 
mounted on its window slide a microscope which 
enabled computations to six decimal places, at least in 
theory.  By the end of WW2, the engineering 
profession was known for its reliance on the slide rule 
for all basic calculations, and no engineer would 
venture away from his/her desk without the faithful 
Pickett & Eckel or Keuffel & Esser slide rule in its 
holster at the belt.  A common question for a job 
interviewee would be, “Are you a K&E or Pickett 
user?”  And the answer better satisfy the would-be 
boss, or the applicant would have to find another 
place of work.  Sometimes the question was 
somewhat subtle, like, “Do you like to work with 
aluminum or bamboo?”  The Pickett slide rules were 
nearly always made of aluminum alloy whereas those 
from K&E were invariably bamboo cored with plastic 
overlay. By the seventies, though, the slide rule gave 
way to the hand-held electronic calculator, and again, 
engineers were cast into two groups, those who used 
Hewlett-Packard calculators vs. those who used most 
other brands, where the main difference was in the 
entry notation.  H-P calculators always used what was 
called “Reverse Polish” notation, while the others 
used arithmetic script notation.  For younger readers 
who never heard of these, ask your father or mother 
what they are. 
 
A particular task  for the military, that has been a 
difficult one to solve, is that of artillery against 
moving targets, especially difficult as battles spread 
over large distances in WW1 and all wars that 
followed.  The most difficult of these tasks is the 
Navy’s need to carry out shellfire against enemy ships 

(Continued from page 4) 

Figure 2, First of 6 mammoth helical antennas. 
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the event any parts had to be replaced, including 
tubes.  The reason was that these bands were higher 
in frequency than ordinary communications receivers 
of the day were able to cover, and it made these 
receivers critically valuable in the radar war over 
Europe.  To keep the dial readings in line with the 
actual signal frequencies received, the antenna/RF 
stage tuning and the local oscillator tuning tracking 
had to be depot-adjusted at eight spots along the dial.  
To complicate it more, the RF stage tuning and LO 
tuning also needed non-linear ganged-capacitor 

coupling over the dial.  Both were solved by the use 
of  levers, worm gears, and cams, in a mechanical 
nonlinear equation solution.  Fig. 4 shows the 
underside of this receiver’s 300-1000 MHz tuner. 
 
WW2 changed the methods to an extent, but not in a 
revolutionary way, such as has been happening since 
the digital age began.  Many of the same mechanical 
devices developed in 1917-1918 were still in use in 
1940, and had been upgraded but not in any 
revolutionary way.  One of the most prolific of 
organizations developing these mechanical computers 
(if we can call them such) was a small company 
called Ford Instrument Company (now a part of 
Sperry Gyroscope Co.), founded by Hannibal Ford, 
who had invented the Range Keeper, a mechanical 

(Continued on page 7) 

moved  along 
under the roller) is 
varied to represent 
t h e  i n s t a n t 
velocity of the 
ship involved.  
This combination 
causes the disc to 
rotate, its position 
at any time representing the distance sailed;  its 
position can be displayed by means of a Geneva-
mechanism counter (like the kind that 
operated a vintage car’s speedometer/ 
odometer) or dial markings on the edge of 
the disc. 
 
Other mathematical operations can be solved 
by inputting specific adjustments to similar 
mechanisms, including multi-arm levers, 
fulcrum-adjustable levers, odd-looking cams 
and their follower wheels, and so on.  The 
mechanisms can be interconnected by rotary 
shafts, linked levers, crank wheels and their 
pitman shafts, and the like.  For WW1, these 
were the current states of the art, as electrical 
mechanisms were not made to the fineness 
and accuracy needed, and were not 
trustworthy in the heat of battle.  Hydraulics 
were used in some cases, to transfer data (the 
movement of wheels, levers, and split-image range-
finders, for example) from one place on a ship to 
another, and in some cases manned electrical 
communications links were used, such as transmitting 
the range to a distant enemy ship (as seen from the 
range-finder by a seaman located atop a tall mast), 
but usually as a backup to a preferred mechanical 
linkage, in the event of battle damage. 
 
During WW2, General Radio, for example, 
developed a fine intercept receiver given the 
nomenclature AN/APR-1.  It operated with four plug-
in tuning units.  One of these covered the band from 
100 MHz to 300 MHz while the highest covered 
1000 MHz to 3000 MHz.  These two units had to be 
hand adjusted at the factory, or in the repair depots in 

(Continued from page 5) 

FOR THE RECORD: 

 
The current COVID-19 pandemic has forced the curtailment of all non-essential meetings and assemblies of 
persons, and that includes, of course, our radio club membership.  The December meeting consisted of a 
phone and internet-based ZOOM meeting, which was quite successful, with over 72 participants.  The  Radio-
Activity meet had been canceled but a trial online auction is the plan for the immediate future and it is advised 
that the maarc.org webpage be consulted to see the up-to-date schedule of our meetings. 

Figure 3, Author’s sketch of a 
roller-ball-disc integrator 

Figure 4, AN/APR-1 receiver tuning unit, showing how levers, 
cams, and cranks combine to sync the tuning condensers. 
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device that was located in a 
ship’s “battle nerve center,”  
and was operated by a officer 
charged with the responsibility 
of ordering the train and 
elevation of the ship’s guns in 
battle.  Other such devices were 
located in secondary nerve 
centers, for the control of anti-
aircraft fire and torpedo setting 
and launching.  Fig. 5 shows the 
first page of Ford’s patent, 
while Fig. 6 is a photograph of 
a range integrator,  of the roller-
ball-disc type as in my sketch, 
but this one incorporated in an 
actual Ford Range Keeper 
housed in the Smithsonian. 
 
That first page of Ford’s patent 
on the Range Keeper displays  
two of the dials which show the 
ships (own-ship on right and 
target ship on left), while other dials and cranks input 
data measured by range-finders, the ship’s gyro-
compass, ship’s speed log, and all other variables, 
resulting in readout of correct gun train and elevation, 
and  both the current time and “advance” time (the 
time the shells will strike the target ship or ocean 
surface), allowing all such data to be logged and 

plotted if needed, to keep involved officers and crew 
aware of the status of the battle.  For the particular 
setup shown on the first patent page (Fig. 5) dials, a 
vector diagram showing the battle situation is shown 
as “Patent Figure 11,” is reproduced here as Fig. 7.  In 
one of the patent figures, (our Fig. 8) item 147 is an 
end-view of the roller, which rotates two spheres, 
items 145 and 146, which rotate each other, and in 

Continued from page 6 turn rotate the disc, seen 
edge-on, as item 100.  The 
two spheres are caged by the 
small rollers on all sides of 
them, and the stack of two 
spheres, rather than a single 
one, prevents the spheres 
from having to skid on the 
disc below them.  Any 
skidding of the roller, balls, 
or disc would ruin the 
accuracy of the range 
solution. (Fig. 8 is on page 
8.) 
 
My youngest brother  was a 
Vietnam-era Navy gunner 
aboard a destroyer that had a 
Ford Fire Control system 
operating its 5-inch guns  
This system incorporated a 
later-model Range Keeper 
plus a number of additional 
mechanical and electro-

mechanical computational devices that allowed the 
ship more flexibility in the choices of target types and 
operating conditions, and included the integration of 
radar data into the problem solution, but some 
operations continued to use the mechanical computing 
processes, because they worked, and were easier to  
(continued from page 7) 
 

Figure 5, H. Ford’s Range Keeper patent, p.1.  

Figure 6, Photo of Smithsonian’s Ford integrator. 

Figure 7. Vec-
tor diagram of 
Fig. 5 Range 
Keeper solu-
tion; own ship 
is lower left. 
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 use than the all-electronic 
methods that were also 
available, but were relatively 
new, and had growing pains. 
The instruction manual for his 
ship’s fire control system 
shows, for example instructive 
pictures indicating the flow of 
parameters in fire control, 
such as the example in Fig. 9.  
Note the symbol for an 
integrator is the roller-double-
ball-disc, indicating the 
cont inued use of the 
mechanical computation of 
integrals in the 1960s.  Two 
such integration steps are 
evident in the figure. 
 
The Ford Range Keeper was 
used as a pattern for an 
electronic computer of similar 
capability, but used over much 
shorter ranges in WW2, the 
Mark 9 computer, an analog 
type which had servo-
controlled mechanical devices 
for certain computations for 
which electronics alone were 
inadequate.  The Mark 9 was 
used to control the 90-mm 
anti-aircraft gun, with target 
location inputs supplied by the 
microwave SCR-584 radar.  
Churchill had seen this 
combination in training  in 
England and ordered several of 
the setups to be placed on the east coast of England 
to intercept V-1 “buzz-bombs.”  The combination 
shot down over 90 percent of the available German 
weapons. [2] 
 
Future at-sea battles will not use mechanical fire-
control computation, since the modern use of GPS 
satellite-based navigation and location finally enable 
this sort of fire control to be left to electronics.  The 
only place not yet completely electronics-ized is in 
the machine shop, where metal-working machines 
continue to hum along.  Of course, maybe that will 
not be the case for long, since we now have 3-D 
printing of small components.  Still, mechanical 
implementation will continue in certain printed-
hardware tasks and in some factory machine shop 

processes involving low volume production and 
numerous variations in details which are more quickly  
accomplished mechanically.  Maybe we can finally 
put the old Keuffel&Esser in the next garage sale. 
 
End notes: 
[1] Morse received the patent for successful 
telegraphy, although there had been three or four 
earlier inventors, but all used unsuccessful static 
electric methods. 
[2] Until the use of such fire-control computers (and 
proximity fuzes), anti-aircraft artillery was 
enormously expensive in ammunition usage, improved 
about 10,000 percent in the trials against the V-1s. 

Figure 8. A figure reprinted from Ford’s patent, showing his range inte-
grator , involving items 147, 145, 146, and 100. 

Figure 9. Page from Viet Nam era Navy fire control handbook, showing 
data flow, some being shaft rotations, to two integrators on the right. 
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The recent article on op amps (November 2020 Radio 
Age) discussed the relative difficulty designers had in 
analog computer development when it came to the 
arithmetic operations of multiplication and division.  
Adding and subtracting as arithmetic steps as well as 
differentiation and integration in calculus were very 
easy to accomplish using operational amplifiers, but 
accurate multiplication (and its inversion, division) 
required the use of potentiometers.  Both multiplying 
and dividing are commonplace steps in radio work, 
since we use potentiometers as multipliers in our ra-
dios, often calling them volume 
controls, and they act as voltage 
dividers.  The output from a vol-
ume control is equal to the prod-
uct of the input signal level (the 
multiplicand) and the fractional 
position of the wiper arm of the 
control (the multiplier).  But 
multiplication in an analog com-
puter setting required that some-
thing (or someone), had to twist 
the potentiometer shaft to the 
proper setting to input the multi-
plier, so as to get the product, 
which comes from the wiper arm 
of the potentiometer.  In the big flight simulator com-
puters, those “somethings” which twisted the potenti-
ometer shafts were called servo motors[1]. 
 
These servo motors were powered by what turned out 
to be excellent audio amplifiers, one shown in Fig.1; 
ours at ERCO used push-pull 6L6 tubes in the output 
stage and a three small tubes, two 6AU6s as a differ-
ential amplifier, followed by a 12AX7, to get the 
phase-splitting and gain needed to feed the push-pull 
6L6 stage.  A big old 5R4GY was the power supply 
rectifier for the servo motor amplifier, and it boasted 
a large Chicago brand power transformer and an 
equally large output transformer.  It would have made 
a good audio amp for the home [2], even though in its 
servo motor driving role it amplified only 60-Hz sig-
nals, which were the primary computer signals 
throughout the simulator.  Our F-86D simulator had 
51 such amplifiers, nearly all driving a servo motor, 
either carrying out multiplication or integration. 
 
And that is part of the reason why an Air Force offi-

cer asked our Test Manager why we consume so 
much power with these simulators.  He felt we could 
conserve power by generating the B+ supply voltage 
for all the servo-motor amplifiers, or at least a good 
number of them, in a centralized power supply, and 
run wires to the amplifiers, scattered around the com-
puter racks as they were needed in the solving of 
flight equations.  The Test Manager asked me to look 
into the feasibility of such a change.  His question 
prompted another of our test engineers (I think it 
might have been Jim Martin, who joined ERCO the 

same day I did in 1953, or old-
timer Bill Jameson) to suggest to 
me a way to power the servo am-
plifiers with a-c power to the 
output tubes, rather than waste 
energy converting the a-c power 
to d-c B+ voltage, in order for 
the amplifier to drive the servo 
motors, since the amplifier’s out-
put signal is 60-Hz power for the 
motor, anyway.  I asked him to 
sketch out a method that might 
work, figure the savings in com-
ponents or power no longer 
needed, and I would take it to the 

boss who might even get the patent department to 
research it.  I’ve reproduced it, from memory, some 
scribbled notes, and descriptive paragraphs in the F-
86D Simulator handbook, here as Fig. 2. 
 
The idea is to run the plates and screens of the 6L6s 
directly from the power line, via a transformer, rather 
than rectify and filter the a-c power feeding these 
tubes.  The input signal is a 60-Hz signal developed 
in the simulator, and intended to make this particular 
servo motor rotate until a potentiometer that it drives 
sends an opposite-phase 60-Hz signal back to the in-
put to cancel the incoming signal.  Other potentiome-
ters on the motor shaft then have also been rotated to 
their proper settings by this motor rotation to solve 
some aerodynamic equations that were called for.  
Looking at the motor-drive circuit it is clear that the 
motor would rotate one way for a 60-Hz signal “in-
phase” with the plate supply, and the opposite rota-
tion direction for an opposite or anti-phase input, 
since the phase of the input directly chooses which of 

(Continued on page 10) 

WHEN TUBES RUN BACKWARDS 
BY ED LYON 

In virtually all radio tubes, electrons flow from the cathode to the anode, but these electrons didn’t!! 

Figure 1. ERCO servo-motor amplifier. 
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the two 6L6s gets energized (a posi-
tive-going grid voltage to both tubes’ 
grids when one tube’s plate and screen 
are positive-going), and therefore 
which motor stator winding gets 
power.  Looks good. 
 
Then the fellow who brought it up ex-
plained that this was the way they 
drove a Brown recorder in the place 
where he worked before.  I had used 
Brown recorders while in college, and 
never looked into how they were 
wired, because they were seldom out 
of whack, and always seemed to be 
good and accurate.  Brown recorders 
were made by an outfit named Brown 
(surprised?) Instrument Co., and were 
chart recorders, plotting the input signal on a large 
paper chart, via a motorized arm with an ink pen at 
its tip.  The inputted signal was usually a delicate d-c 
voltage of very low signal strength, perhaps from a 
chemical reaction sensor,  a temperature sensor de-
vice, or light sensitive cell.  Key to its operation was 
a chopper, called a Brown converter, which was basi-
cally like an automobile radio vibrator; it chopped the 
incoming signal into 60-Hz bits by means of a tiny 
set of magnetic contacts vibrated at 60 Hz by a coil. 
The chart was drawn along by a separate motorized 
set of rollers. 
 
The ERCO shop crew, always eager to try a new de-
vice, put the motor-driver amplifier together, using 
the same chassis as the usual servo-motor amp, but 
with a small power supply to feed B+ only to the 
three miniature amplifier tubes, and a separate mid-
sized transformer to produce the motor power feed-
ing the 6L6 plates and screens (tied together as tri-
odes) [3]. We set it up with a servo-motor driving a 
gearbox and three potentiometers, one being the 
“answer-pot” or feedback voltage source, that would 
cancel any input we would feed the amplifier; the 
other two potentiometers were just for looks.  Both 
the input resistor and the feedback resistor were 1 
Meg in size, so we felt secure in feeding a half-
reference  (25 volts at 60 Hz a-c) into the input resis-
tor.  This was not fed in all at once, but gradually, 
using a separate Helipot potentiometer, part of a stan-
dard simulator check-out test box. 
 
The motor hummed and rotated, in the correct direc-
tion (to our surprise!!) the very first time, and it 

(Continued from page 9) 

stopped as the stack of potentiometers got to about 
half scale, meaning the answer pot had reached 25 
volts of the opposite phase from the input, and all 
was perfect.  We would have to run much more ex-
tensive tests with this setup, though, to see if the mo-
tor had sufficient torque and sensitivity, and to see 
how much damping would be required, that coming 
from a drag-cup generator mounted on the motor 
shaft, but not connected in our quick setup.  But it did 
look like we had a good system here, and Jim or Bill, 
whichever it was, would get a commendation, and 
maybe a token check from Management.  Then some-
one removed the input signal lead, and the motor was 
supposed to have reversed and returned the potenti-
ometers to their start positions.  But it did nothing.  
But the motor hummed as though it was trying.  We 
shut the setup down and I had to return to simulator 
checkout issues, leaving Jim (or was it Bill?) to take 
some measurements on the a-c drive setup and diag-
nose the trouble. 
 
He apparently stayed quite late making measure-
ments, and these included connecting multimeters in 
the plate leads (one in each lead) of the 6L6s to read 
the a-c currents (the voltage drops across two 10-ohm 
resistors inserted there).  He had a pile of tablet 
sheets covered with drawings and voltage/current 
readings.  What he found was almost unbelievable.  
One of the two 6L6s was drawing negative plate cur-
rent!  That is, when its plate/screen went negative in 
voltage, being fed a-c from the transformer, it drew 
current, or rather, it supplied current, as though it was 
a cathode.  The other 6L6 operated normally, drawing 

(Continued on page 12) 

Figure 2. Crude schematic of Jim Martin’s a-c-powered amplifier. 
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Tidbits-Jan21 
 
Restoration Bench: 

L 
EST our Radio Age readers 
think the only radio using a 
saturable reactor-powered 

light-bulb dimmer for a tuning indica-
tor was the beautiful Majestic 300A 

like the one Brian Belanger restored this past year, 
be advised that one of our intrepid restorers just 
worked on a GE E-105 Colorama radio, the second 
one we have been aware of. (Ron Roscoe restored 
one, as reported in the August 2004 issue of this 
journal.) Seems these type tuning indicators have 
had problems with the saturable-core transformer 
that modulates the brightness of pilot lamps, it usu-
ally turning out that the primary (d-c winding) 
opens.  Best fix is to re-wind the transformer, but it 
can be replaced by pairs of small output transform-
ers. 
Also tumbling from the e-mail bag was news from a 
restorer about another of those Emor 100 globe-
radios, this one suffering  from earlier repairs, which 
ended up having to be un-done, and the correct re-
pair made instead.  The original problem had likely 
been a short in the AVC bus, which made the radio 
reception weak until the earlier repairman raised the 
IF amplifier screen voltage to the full B+, which 
made for distortion on local stations.  Correctly re-
pairing the AVC problem allowed restoration of nor-
mal IF screen voltage, and good reception.  
The e-mail repair-bench also received a note that in 
several Zenith radios in the robot-dial category have 
a strange 2-inch hairpin of bare wire mounted in the 
band-switch shortwave local oscillator circuit, ap-
parently needed for trimming that band for tracking 
purposes.  The hairpin is not shown in the schemat-
ics, but is faithfully present in other examples of 
those models.  Best not to remove it or bend it away 
from its location, shown here: 

 

Tidbits 
Radio News: 

T 
HE second known parabolic dish antenna built 
into the earth’s surface, that big one at the 
Arecibo observatory in Puerto Rico, shown 

below, has recently been severely damaged by nature’s 
stormy forces, but has been pledged to be restored, say 
the local government officials.  It had been damaged 
and repaired in the past, most fdamage from water 
accumulation and hurricanes.  We reported on the first 
such antenna carved into the earth and used by the 
Navy to bounce signals off the moon, that now-
overgrown one at Stump Neck, MD, as described in 
the article on radio echoes in Radio Age , November 
2011 issue. 

O 
N perusing a stack of 20 or 30 American 
Electrician magazines dating from 1895 to 
1905, I ran across  but two mentions of wire-

less or radio, and these were trivial.  I was surprised at 
the lack of attention given in those days of  the work 
of Marconi and other pioneers in wireless.  However, 
there were detailed articles about electric automobiles 
and delivery-trucks, and the types of batteries being 
developed for them. 
 
There were detailed calculations of the numbers of 
batteries needed, their ampere-hour ratings, and the 
total weight of them, compared with the weights of the 
cars and trucks involved.  These numbers were not 
unlike those shown for modern electrics, including 
Tesla brand.  However, the down-side was the dura-
tion (or range achieved) of operation before recharg-
ing is required . They were hoping for 25 miles. 

Please continue on page 14. 
The hairpin is inside a rectangular dashed box. 

The Arecibo radio telescope in north-central PR. 
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current through the motor winding when its plate 
was going positive and its control grid was also go-
ing toward positive.  But the strange tube did the 
opposite. It drew current (backward-directed cur-
rent) when its plate went negative and its grid was 
positive-going.  And it acted this way only after it 
had been on for a while.  It was clearly a bad tube, 
but how did it produce current when its plate was 
negative? 
 
Then I remembered something from college  where I 
worked with photomultiplier tubes.  These are 
photo-cells of a sort, but with several (up to nine) 
special anodes, called dynodes, which, when they 
get hit by an electron, give up a spray of secondary 
electrons which are attracted to any nearby positive-
appearing object, which in a photomultiplier tube is 
another dynode, where the process repeats, but 
stronger, and so on until the last dynode gets show-
ered by electrons, which produces a large current to 
the anode, carefully placed just where the electrons 
are expected.  In the 6L6 tube problem, the plate 
(and the screen grid), when negative-going, and 
fully heated (remember, all was OK when first 
turned on, but after full warm-up it went bad) it be-
came a dynode, showering electrons which went 
backward in the tube, ending on the control grid.  
This further heated the plate (and other elements), 
making the situation worse the next cycle.  Of 
course, the situation was made serious since we had 
the screen grids tied to their own plates, and the root 
problem probably started in the screen grids, which 
are heated more  and tend toward secondary electron 
production in many tetrodes and pentodes.  
 
Replacing the tube helped, but the problem recurred 
the next day, as Jim stayed after work and experi-
mented again, this time getting “backward current ” 
in the opposite tube.  When we employed both tubes 
from the “bad” lot, the servo-motor would work, but 
very weakly, and very slowly, and the tubes got 
quite hot. A fix for the situation would be solid state 
diodes in the plate leads, oriented to allow only nor-
mal current direction and block any reverse current, 
but of course in 1954 we knew of no such thing on 
the market.  We had selenium rectifiers, but the ones 
available were rated at 120 volts and only 70 or 80 
milliamperes, and we didn’t know how much cur-
rent this setup would demand, in a fully-loaded 
servo-motor.   
 
We considered converting to 6B4 triode tubes, but 
the pressures on the simulator production line 

checkout and test flight work were too great, and the 
project sat on the shelf in the test department office for 
a year or more, and we forgot about it.  That is, forgot 
until recently when I dug out the old F-86D simulator 
handbook, and recalled the experience as though it had 
happened just recently, relatively speaking.  The issue 
was one not encountered in normal tube circuits, where 
the plates are usually kept positive, and generally al-
ways more positive than the screen grids, so we were 
definitely operating the tubes out of their normal enve-
lope of operating parameters.  It’s pretty certain that the 
main problem was the screen grid, since it behaves this 
way in many tetrodes when the element voltages are 
favorable for this secondary emission effect, and that 
triodes, like 6B4s and 2A3s, would have worked. 
 
In revisiting this unusual tube reverse-emission experi-
ence in the 1990s, I found that some early radio experi-
menters tried operating radios, especially output ampli-
fiers, on a-c power, for lack of decent rectifier tubes, 
which hadn’t yet come out.  He was bothered by hum, 
of course, and resorted to three-phase and six-phase 
power circuits to lower the hum, but made it higher in 
pitch, and therefore more objectionable owing to the 
better hearing sensitivity at the higher frequencies he 
got, even though the hum amplitude fell as he added 
more phases.  I searched my various service bulletins, 
and uncovered a Sylvania Engineering Service bulletin 
from May 1954 that discussed the secondary emission 
of power tetrodes like the 6L6, when pressed into in-
dustrial service such as industrial motor controls, oper-
ated on a-c plate voltages.  It noted that such effects are 
not normally monitored by tube manufacturers during 
development, so they do not have remedies to prevent 
the effect.  
 
End notes: 
[1] Of course, many candidate multiplying circuit ar-
rangements were offered to the analog computer com-
munity, including pulse rate generators, square-wave 
generators, logarithmic converters, and deflection-plate 
vacuum tubes, but none were very accurate, and few 
were true four-quadrant multipliers. 
[2] Each F-86D simulator had 51 of these power ampli-
fiers, and there were a total of more than 90 of these 
and similar simulators built by ERCO, and many by 
others  Here was a substantial supply (over 7000) of 
excellent audio amplifiers for pickers when all these 
simulators were scrapped in the 1980s and 1990s. 
[3] ERCO servo amplifiers used metal 6L6 tubes, held 
by tube clamps, but we used glass tubes, having built 
the chassis and forgot to include the  clamps. 
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RESTORATION TIPS 
BY ED LYON 
35Z5 Circuit Variations- Why?  

A  large volume of e-mail messages received 
since springtime 2020 attests to the sequester-

ing being practiced by MAARC’s intrepid restorer 
corps.  Most share restoration discoveries and tips to 
locate faults, and some ask outright questions about 
what to do about some odd symptom or other in a 
radio.  Thankfully, not many ask about cabinet resto-
ration, since that is not the safest activity in closed 
quarters, especially now that it’s decidedly cold out-
side, and many restorers are faithful to the original 
nitrocellulose lacquer-based finishes.  During this 
period, an inordinate number of issues have cropped 
up regarding the simple (sometimes) power supply 
section of the radios under repair.  Six or seven notes 
from restorers complain about the variations found in 
the otherwise straightforward power supplies of AA5 
ac-dc radios (although some are 6-tube varieties, with 
the usual untuned-output RF amplifier). 
 
Several nasty symptoms of design deficiency in these 
AA5s are bothersome to some restorers, like pilot 
lamp bulbs that seem to be awfully blow-out prone.  
Some pop as soon as you turn on the radio, or at least 
come on with enough brightness to worry airliner 
pilots about being blinded while approaching Dulles 
in a nasty cross-wind evening as they pass over the 
restorer’s repair-shop window. (Just kidding.)  Some 
have asked why there are so many variations in the 
circuit, as though, by the end of the tube era nobody 
had yet found the optimum one insofar as pilot lamp 
and tube longevity and performance were concerned.  
The circuit should be relatively simple. 
 
The 35Z5 was a clever development, probably by 
Ken Rad, in 1939 or thereabouts.  It has a heater 
rated at 35 volts rms, a-c, connected by way of pins 2 
and 7 of its octal base; there’s a tap in this heater, 
emerging at pin 3, which is rated to be 7.5 volts away 
from that on pin 2 when the tube is properly wired 
with the rest of the radio’s tube complement, and 
with 150 mA of heater current passing through all the 
tube heaters.  The tap in that heater was designed to 
provide about 5 to 5.5 volts for a pilot lamp of the 6-
volt, 150 mA variety, like type 47 (bayonet base) or 
40 (threaded base).  That was sufficient brightness for 
seeing the dial, usually, and was long-lasting,  but 
was not as bright as was possible with that particular 
bulb.  Variations in current and brightness in different 
radios were due to circuit and tube-complement dif-
ferences.  With the usual complement of AA5 tubes, 

it yielded about 150 mA overall heater current for a 
120-volt power line.  Many early AA5 radios used 
the simplest circuit, exemplified here in the Airline 
74BR-2001 set, part of whose schematic is shown in 
Fig. 1.  It is prone to pilot lamp blow-out if the power 
line voltage is somewhat high and/or when the bulb 
has some age on it and has thinning spots in its fila-
ment (revealed by a silvery dark deposit on the inside 
of the glass bulb).  The radio will continue to play 
with the bulb blown, and the heater current will be a 
tad lower, but quite adequate.  The designer of the 
radio in Fig. 1 took the precaution of adding a net 
series resistance of 33 ohms in the overall heater 
string, but this resistor is rated at 1 watt, and dissi-
pates nearly that amount, so might look a bit cooked. 
The industrious restorer might substitute a type 51 
bulb for the original 47, or type 50 for an original 
type 40. These are rated at 7.5 volts at slightly higher 
current, and should last longer. 

 
A variant in that heater wiring hookup had been dis-
covered by some radio designers, already realized 
and described by Ken Rad and other tube manufac-
turers, in which the pilot lamp is still connected in 
parallel with the 7.5-volt section (pin 2 to pin 3) of 
the 35Z5 heater, and this combination is then placed 
in series with the a-c power line feed to the plate of 
the 35Z5.  This lets the net B+ d-c current flow in 
part through that 35Z5 heater section, and the rest 
through the pilot lamp, as exemplified in Fig. 2, an 
Automatic Model 720.  This passes the B+ current, 
usually running at about 45-65 milliamperes, through 
the pilot lamp/heater section combination, resulting 
in a full 150 mA heater string current and a brighter 
bulb, once the radio heats up.  Its weakness is that 
when the radio has been on for a while, and is fully 
heated up, it should not be switched off-then-on-
immediately.  The resulting inrush of B+ current to 

Figure 1. 

Figure 2. 
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the discharged first electrolytic capacitor, via the al-
ready-hot 35Z5 rectifier, will promote hundreds of 
milliamperes of excess current through the bulb and 
35Z5 heater section, and will likely pop the bulb.  
The cure here, short of adding resistors, is to substi-
tute a more rugged bulb. like 50 or 51, and avoid 
flipping the on-off switch off-then-on-immediately. 

 
This sudden inrush of added d-c current when the on-
off switch is turned on while the set is still fully 
warmed up was found, by the designers, to be tamed 

quite easily, as Motorola does in their models 56X11 
and 57X12, shown in Figs. 3 and 4.  The resistor, in 
this case 27 ohms can be designed to go in the cath-
ode lead or plate lead of the 35Z5, as shown in the 
respective figures.  In the event of a shorted electro-
lytic capacitor, the resistor, at a half-watt rating, will 
likely act as a fuse, and burn out. 

(continued from page 13)  
Then, of course, there were many radios designed 
by persons not entirely up to date on their reading 
assignments, especially the bulletins from the tube 
manufacturers.  The Globe Model 500 was such a 
radio, and its heater/rectifier schematic is shown in 
Fig. 5.  It had no pilot light at all, and the pin 2-pin 3 
pilot light section of the 35Z5 heater must have con-
fused the designer, so he/she simply shorted out that 
section of the heater, and treated it as a tube with a 
lower heater voltage rating, which it then certainly 
was (28.5 V at 150 mA).  Then, a 35-volt locktal 
tube was chosen as the audio output tube, which, if 
it’s locktals they want, and other locktal-based tubes 
had been chosen instead of those 6.3-volt and that 
35-volt type, the designer could have eliminated the 
nasty 200-ohm power resistor in the heater string. 
Perhaps the direction came from above, to use up a 
quantity of military surplus tubes (this was designed 
in the late 1940s). 
 
One of the MAARC restorers referred me to a re-
print of a Sylvania “Radio Circuit Hints” brochure 
which explains the features of the 35Z5, and then 
goes into detail about these matters, concluding that 
the real cure for blown pilot lights with the 35Z5 is 
to add a resistor of 300 ohms, 5 watts rating, in par-
allel with the pilot lamp and the pin 2/pin 3 section 
of the 35Z5 heater, assuming the lamp is a type 40 
or 47.  This will certainly make the bulb last longer, 
by lowering its applied voltage (and brightness).  
But the power rating seems high, as the resistor 
should normally dissipate less than a half watt.  
Then, to really frighten the meticulous restorer, the 
brochure recommends using an 800-ohm, 10-watt 
resistor in that position if the radio has no pilot light 
at all.  The 800-ohm resistor will be dissipating all 
of 0.08 watts, so a half-watt size should be suffi-
cient, although, at that resistance level, not neces-
sary or effective at all. Put the soldering iron away. 

Figure 3 

Figure 4 

Figure 5 
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 Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

 
WELCOME NEW MEMBERS 

 
David Edwards, Richmond, VA 

Justin Omps, Arlington, VA 
Michael Wirtz, Lexington, VA 

 
And, in case the December issue 
has been destroyed by the USPS. 

 
Robert Krassa, Boulder, CO 

Joseph Wehberg, Baltimore, MD 
 

And new Life Member 
 Gary Norman, Granby, CT 

 
Welcome to the best Radio/

Electronics Collector’s club in 
the land. 

 

For Sale:  Reproduction knobs, push 
buttons, tabs, and various rubber 
parts for  
vintage/antique radios. Many parts 
aren’t found anywhere else. (Latest 
product:  
Rubber feet for Zenith table-tops.) 
Go to www.RenovatedRadios.com to 
see the full selection of radio parts.  
 Ed Schutz  
http://www.RenovatedRadios.com  

pick up their items by appointment 
only at the NEM in Linthicum MD. 
We will not be able to ship, but you 
can authorize a friend to pick up for 
you.  
  
All bidders must pre-register before 
the day of the auction. All paid-up 
members of MAARC will be auto-
matically registered with a bidder's 
number. (You don't have to bid, or 
even attend, but this makes the auc-
tion manager's job much easier.) 
Bidders will enter dollar-amount 
bids through the chat function of 
Zoom.  
We will have a demonstration and 
practice sale at the start of the auc-
tion. Please get familiar with Zoom  
before the auction.  Winning bid-
ders will receive an email invoice 
from MAARC. Payment must be 
online,  
through a PayPal account to be an-
nounced.  
  
More details will be shared in an 
email to members and on the 
MAARC.org website soon. After 
this first auction, we intend to hold 
auctions online regularly until we 
can meet in person again. So, open 
up those wallets, let the moths out, 
and buy some radios! 
 
ALWAYS CHECK MAARC’s 
WEBSITE FOR LATEST COVID- 
19-INFLUENCED NEWS ON 
MEETINGS, AUCTIONS, etc. 

PRESIDENT BEGG’s 
SPECIAL NOTICE 

 
- AUCTION- 

 
MAARC's First Online Auc-

tion is Coming Soon  
 

January 17, 2021 at 1:00 pm 
on Zoom 

  
We've all been frustrated for lack 
of options for buying nice radios 
during the COVID pandemic.  To 
deal with this problem, MAARC 
will host its first online auction in 
January, through Zoom. We are 
still working out some details, but 
here are the highlights.  
  
This is our first auction, so we 
will keep it rather small so we can 
work out any kinks. On the block 
will be just 40 or so items from 
just four sellers—three museums 
and one estate. The vendors are 
National Capital Radio and Tele-
vision Museum, Northern Virginia 
Radio and Television Historical 
Society, National Electronics Mu-
seum, and the Felder estate han-
dled by MAARC. (The museums' 
items were donated to the muse-
ums for fund-raising, they are not 
from the their collections, and 
they are nice.)  
  
All items will be photographed 
and described in a catalog to be 
published on the MAARC.org 
website. For the safety of all in-
volved, there will be NO onsite 
inspection. Winning bidders can 

Regular ads have been saved, 
and will re-appear here  when  

conditions allow. 
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MAARC Your Calendar! 
MAARC meetings are held on the third Sunday of each month, unless 

specifically changed by the Board.  Watch these pages and MAARC.org 
website for any such changes. 

 RadioActivity 2020 and RadioFallFest 2020 were canceled, but monthly 
meetings via ZOOM (with either computer and/or telephone attendance) 
will be the rule until the COVID-19 pandemic has subsided. 

The January 2021 ZOOM meeting will be held on 17 January, 2021 

SEE SPECIAL PRESIDENTIAL AUCTION NOTICE ON P. 15 

The February 2021 ZOOM meeting will be held on 21 February, 2021. 

To attend these meetings, held via Zoom, follow these instructions: 

On your computer, go to www.zoom.us 

COMPUTER: Click on RESOURCES and download the appropriate Zoom client for 
your computer. Just before the scheduled meeting start time, start the Zoom client 
on your computer, and use this number as the meeting ID:  871 9732 6013 

PHONE: If you are dialing in on phone instead of computer, use any of these 
numbers: Maryland: (301)715-8592;  New York: (929)205-6099; Chicago: (312)
626-6799; TX: (346)248-7799; CA:(669)900-6833; WA: (253)215-8782. 

 When prompted, enter  871 9732 6013 on the phone keypad. 
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