
 
  

Introduction, by Ed Lyon 
It is pretty well known that the Germans were the 
first to employ non-metallic magnetic-coated tape as 
a recording medium in WW2.  This the Germans 
considered an improvement on steel tape, such as 
had been first employed by Valdemar Poulsen as 
early as 1932, and by 1938 was in regular use in 
scientific recording in Germany, using Lorenz 
equipment. Early German work on making the tape 
out of non-metallic substance led them to paper tape, 
with a magnetic coating.  The paper-based tape had 
short life, but better audio quality than steel ribbon, 
but the paper absorbed moisture and did have a 
noisier background, likely because of the fibrous 
nature of the paper.  The BBC also used steel 
magnetic tape recording in their broadcasting, from 
about 1933 to well into the war.  The acoustic quality 
of the recording was quite low, but it was useful for 
(male voice) announcements.  In addition, the steel 
tape, itself, was hazardous to handle, and a broken 
tape often led to a huge tangle of the razor-sharp stuff 
piling up on the floor.  Trying to untangle it and re-
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spool it was like groping for double-edge razor 
blades. The BBC tape recorder/reproducer 
machines were made by Blattner, under Marconi 
contracts.   
 
 In America, magnetic recording on a steel wire or 
tape medium was developed by Dr. Simi Begun, 
who had worked in Germany on steel tape recorder 
design until his escape to New York in 1938.  He 
was abreast of the continuing  research underway in 
Germany on the use of magnetic oxides of iron 
cemented to a paper or film tape base, before he 
left, but thought it was failing to produce durable 
recordings.  As a result, his initial research in 
America was on steel wire and steel tape.  Late in 
1938, he devised a steel-tape recorder which looped 
an “endless” tape [1] about 30 feet in length around 
(many times  around) the outer frame of the 
recorder on rollers, for the purpose of producing 
and playing back short recorded messages, such as 
for train stations, elevators, stores, and broadcasters.   

(Continued on page 3) 

MEMORABLE MAGNETIC TAPE MEMORIES 
 BY ED LYON AND RICHARD ALTIG 

Today, we certainly take electronic memories for granted.  At a recent springtime Home and Garden Show, at least five ven-
dors/contractors handed out little “thumb-drives,” or solid-state random-access memories (RAMs) for temporary storage of 
digital data on home computers, scanners, copiers, cameras, sewing machines, or any of many other modern data handling 
devices. The average of these “freebie” thumb-drives could hold up to 16 billion 8-bit “words” of data (sufficient to repre-
sent about 600 issues of Radio Age).  This article is actually three separate stories about pre-digital days, when the data were 
in analog form, and the need to store the data  forced the development of extraordinary devices, like exaggerated-capacity 
tape recorders. Richard Altig worked at Sangamo on one such system, and Ed Lyon worked at ACF on a different one, both 
ending up as massive instruments requiring great mechanical and electrical precision in their manufacture. 
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He had got the idea from seeing BBC steel tape 
recorders employed by BBC for broadcasting 
shortwave schedules and the like, using a Blattner 
machine that looked to him similar to Lorenz’s 
recorder in Germany.  Begun’s endless-loop steel-
tape machine was not a business success, being too 
bulky and expensive for the times.  
 
Meanwhile in Germany, better paper tape (using a 
magnetic oxide film-like coating rather than 
cementing the oxide powder to the paper), followed 
by oxide-coated film material, was further refined, 
and was used by Josef Goebbels’ propaganda 
broadcasts, while good-quality recordings of more 
limited duration were being made on Lorentz 
increased-speed reel-to-reel steel-tape machines for 
the purpose of recording orchestral music for 
broadcasting, largely used to disguise the fact that 
Allied bombing was affecting German evening life at 
the opera houses and legitimate theater.  By setting up 
truck-mounted transmitters and improvised antennas 
in the ruins of a bombed area, the Germans could 
broadcast what seemed like live operatic or classical 
orchestral music from a city’s music hall or theater 
that was supposed to have just been bombed by the 
RAF.  Aside from hiding the bomb damage from the 
rest of the German population, the idea was to make 
RAF Bomber Command believe that the RAF flight-
crews had missed their target or jettisoned their bomb 
loads.  Several broken-tape glitches during the 
broadcasts eventually occurred, and British 
intelligence diagnosed the situation.  BBC’s answer 
was to do the same, using a better (higher speed) steel
-tape recorder, developed by Louis Blattner, another 
escapee from Germany,  to reproduce music and 
announcements over BBC’s international service 
during and after Luftwaffe bombing excursions over 
London.   
 
In mid 1940 Begun left his position at the New York 
firm of Acoustic Consultants, Inc., to assume the 
director of research post at Brush Development Co., 
in Cleveland.  Along with his continuing tape 
recording research he now became engaged in 
piezoelectric work, microphone and phono cartridge 
research and military projects like sonar and paper 
chart recorders. In magnetic recording, he had 
returned to steel wire as the medium, drawing fine 
(0.005 to 0.007 inch diameter) hard steel wire 
through diamond dies in manufacture, and passing 
the wire through an ultra-sonic a-c magnetic field to 
“bias” the wire magnetically, and to remove any 

(Continued from page 1) accidental magnetized spots.  In this process, done 
during recording, Begun was obtaining 
unprecedented linearity and freedom from 
distortion. His early steel wire recording machines 
were further refined by Battelle Institute, and were 
later carried by military aircraft, to be used by the 
crew for recording intercepted radio and radar 
signals.  They thus replaced delicate shellac disc-
recording machines (“airborne Victrolas”). 
 
But producing the wire needed was not easy, 
because of the extreme hardness of the wire alloy.  
Softer wire was not good, because of its low 
dynamic range (the difference between natural 
granularity-producing noise and the highest 
amplitude recordable short of magnetic saturation).  
So Battelle and Armour Research Foundation, 
under Brush contracts, engaged Minnesota Mining 
and Manufacturing  (3-M) chemists to develop a 
plastic tape that could be made to carry a 
magnetically-coated side.  3-M thought it was 
feasible, and by late 1946 had a successful cellulose 
acetate-film magnetic tape.  About a year later, 
Brush developed a reel-to-reel tape recorder/player 
for home use, put on sale in 1948, initially using a 3
-M paper-backed coated tape, but within a year or 
two could also use the new acetate tape.  One 
reason for Brush’s delay in adopting plastic tape 
from the start was the overload of the 3-M factory 
due to massive and urgent orders from a west-coast 
Begun licensee, A. M.  Poniatoff, founder of 
Ampex.  
 
Home users of the Brush tape system liked it, 
because it did offer higher fidelity than common 
disc records, but broadcasters found it still a bit shy 
of the quality they could get with 16-inch disc 
transcriptions.  Running the Brush machine at twice 
normal tape speed (15 inches-per-second in lieu of 
7.5 ) was the answer to higher fidelity, but half the 
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It is obvious, therefore, that two-track tapes recorded 
on a Magnecord PT-6BN machine will not play back 
properly on a Brush two-channel machine.  Oh, the 
program material will play properly, and the second-
channel material, perhaps commentary on the 
Channel 1 material or maybe a time announcement or 
cueing beep or message, will sound right; but the two 
will be offest in time.  In the PT-6BN, the distance 
along the tape that the two channels were offset is 
about two inches, so that, at 7.5 inches per second, 
the time offset will be almost 0.4 second, which 
might be OK as a coarse cue for an announcer, but if 
the two channels, instead, were two stereo channels 
that had recorded orchestral music, the result would 
sound like it had been recordrd by Spike Jones. 
 
Magnecord soon had in hand more compact 
recording/playback heads, and designed an in-line 
two-track recorder, resulting in a fully compatible 
system, relative to that of Brush and all the other two-
track tape systems.  Tape and tape recorders at that 
time, at least for amateur or home use, had a quarter-
inch width, and was about 2 mils thick, soon brought 
down to 1.5 mil thickness, allowing more tape on a 
given-sized reel. To gain high fidelity sound quality, 
the gap in the recording and playback heads had to be 
made very narrow, and Brush had got their gaps 
down to lress than 1 mil (0.001 inch) wide, enabling 
essentially flat response up to about 5000 Hz. In 
addition, they had turned their instrumant-makers 
loose on the magnetic head designs, and had got four 
in-line channels squeezed onto the then-standard 
quarter-inch tape width.  This opened the door to the 
possibility of offering two-channel audio recording 
capability, using only the two odd-numbered 
channels, after which the user would turn the take-up 
reel over and use it as the supply reel to play the two 
remaining channels, which would appear to be the 
two odd-numbered channels this way.  This would 
much later be the mode used in tape cassette designs. 

(Continued on page 5) 

time duration per reel.  Further refinement by 3-M 
in tape quality and further reductions in Brush’s 
recording/playback head-gaps (the magnetic gap at 
the tape surface) brought the Brush sound quality 
potential up past that of the best disc records 
(including broadcast transcription discs) of the time, 
and it was then that other manufacturers jumped on 
the domestic-market tape-recorder bandwagon.   
Ampex, in California, continued to improve and 
market their large-format tape equipment to 
broadcasters, movie studios, the music industry, and 
the military, commanding high prices, and high 
quality.  
 
 Quite early it became apparent, especially to radio 
broadcasters and scientific users of tape recording 
equipment, that multiple channels of information 
would be a handy thing, to permit simultaneous 
recording of the main subject (the sound or signal 
time history) on one channel and some sort of 
commentary, editorial, timing, or introductory 
sounds on the second channel.  This combination 
would allow the studio engineer or commentator to 
monitor the second channel in order to “cue up” the 
main channel to the beginning of the program 
material intended to be broadcast.  With single-
channel recordings, the cue-up point had to be 
marked, sometimes with an inked spot on the tape or 
a chip of paper stuck in the reel of tape, but the 
methods were crude and fraught with problems, 
including ruining the tape. 
 
One of the early two-channel moderate-priced 
(threrfore, non-Ampex) tape recorders suitable for 
broadcasting was introduced by Magnecord in the 
early1950s, designated Model PT-6BN [2].  At the 
same time Brush came out with a a 2-channel model 
for home use.  The differences in the two were 
profound, with the Magnecord model having the 
two channels offset on the tape, actually made up of 
two separate half-track record/playback head 
assemblies through which the tape was drawn 
serially, while the Brush model had two half-track-
wide heads mounted in the same block, with the 
heads in line with each other across the tape. This 
comparison is shown in Fig. 1, a schematic 
depicting the two tracks and where they fall on the 
tape as it is drawn across the recording/playback 
head.  The recording and playback actually occurs 
only at a single narrow swath across the tape, where 
the gap in the magnetic head is located, thus 
requiring that the tape be in motion to “paint” the 
signal history along the tape. 

(Continued from page 3) 

Figure 1. Schematic view of typical magnetic 
tape record/reproduce mechanism. 
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During the war, Sangamo Electric Company felt the 
sudden decline in overall business as the nation 
adjusted its manufacturing to fit consumers and not 
so heavily loaded with military products and rush 
orders.  With their stable of precision instrument-
makers and assemblers from their old Illinois Watch 
Company, they were capable of precise design, 
machining, and assembly of electronic, and electro-
mechanical instruments, such as panel meters and 
tiny motors.  So, in the 1950s Sangamo started 
producing industrial tape recorders centered on basic 
technology purchased from the D. G. C. Hare 
Corporation, then located in the San Francisco area. 
The special features were the tape speed control and 
tape handling system. Two-inch wide tape on 10½-
inch reels was used, and  7- and 14-track machines 
were the main product. 
 
The Navy was having a problem training and 
evaluating sonar operators because conditions during 
target detection at sea could not be reliably repeated 
in the training schools ashore.  “Why could not a 
recording be used to train operators?” was a question 
asked in the Navy.  Tthis would solve  the 
repeatability  problem and be less costly because it 
could be done on shore eliminating the need to be at 
sea. The only problem was that the sonar receiving 
system had 48 channels, each covering the 
underwater sound picked up on a specific bearing 
and/or elevation angle (analogous to depth). . Each 

(Continued on page 6) 

 
On the west coast, Ampex was struggling to fill all 
their orders, mostly from professional users, like 
broadcasters, movies,  industry, and the military.  
Many early orders were from movie producers and 
music arrangers, and called for many more parallel 
tracks on the tape, so as to permit post-recording 
manipulation of the “balance” among the various 
instruments in the orchestra, and with respect to the 
singer’s voice.  Ampex hired ex-wartime instrument 
designers who were expert at precision mechanical 
design to refine the tape movement and guide 
systems, as well as the capstan and pressure roller 
techniques, so as to transform their tape recorder/
reproducer to a precision machine not unlike a fine 
watch.  In doing so they had to expand their license 
agreement with Begun, or possibly downright 
“borrow” the licenced design principles, such that the 
Ampex standard ½-inch tape machines soon sported 
up to 7 in-line tracks, enabling music recording 
studios to use the machines to synthesize and produce 
instrumental music of unprecedented complexity after 
which the voice layers were added, through re-
recording.  
 
Meanwhile other military contractors who had 
developed far better (but still legal) relationships with 
their government customers than had Poniatoff’s 
Ampex, were planning the introduction of multi-track 
magnetic tape recording on many platforms, from 
shipboard, to airborne, to outer space.  Two fertile 
fields needing such capabilities were the signals 
interception and electronic countermeasures areas.  A 
very active contractor in both areas, who had been 
attached to the wartime Radio Research Laboratory 
was Airborne Instruments Lab (AIL), where 
“Doctor”. D.G.C. Hare had worked in technical 
management.  He somwehow amassed a portfolio of 
patents, unpatented circuits,  and secret recipes for 
producing clever electronics devices, mechanical 
computing devices, and techniques useful in robotics 
and control of complex machinery.  Most of the time 
he spent in New York State, but then he moved to 
California where he and his small company could 
team with the seedling efforts of the upstart Silicon 
Valley enterprises.  Among his collection of 
techniques and precision mechanical devices were 
several thst Poniatoff had swept into his Ampex tape 
machines.  Whether Poniatoff paid him for any of 
these is not obvious.  
 
Sangamo Sonar Tape System by Richard Altig 

(Continued from page 4) 

Figure 1. A Sangamo multi (56)-channel tape re-
corder/reproducer, as presented in the mainte-
nance manuals prepared for the Navy. 
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were outfitted, the same sort of recorders were 
adapted to fit the needs of power companies as fault 
recorders. A need to monitor many events at the same 
time was important during power disruptions. 
Monitoring 56 at once gave the power companies 
new capabilities.  The electrical characteristics of the 
heads and amplifiers were the same as most high 
quality audio recorders to that time.The tape speed 
was 15 ips. 10 ½- or 14-inch reels of 1 mil mylar tape 
were used.   

 Eight-tracks, Carts, and a CART, by Ed Lyon. 

As was discussed back in the January 2018 issue of 
this journal, this author became involved in the 
detection of what had been considered hard-to-detect 
nuclear bomb tests all over the globe.  The agency 
responsible for this detective work, and the ensuing 
analysis of bomb characteristics, was (and is) AFTAC 
(Air Force Technical Applications Center), originally 
AFOAT-1.  This agency purchased eight OTH (Over-
The-Horizon)  radar stations from our company, and 
we were to install them on various continents where 
they could do their thing, using airmen and officers 
that we schooled in the science (and art) of shortwave 
radio and radar.  All this was being done on an Office 
of Naval Research contract. 
 
However, there were strings attached.  AFTAC had 
been highly interested in our use of photographic film 
as the way to record the intensity-modulated 
oscilloscope traces representing radar range (distance 
from the radar site).  In this form of display, the 
steady slow movement of the film (we used 35-mm 
film) became the time history axis, and it was usually 
labeled with ticks representing minutes after a coded 
tick identifying each hour.  AFTAC had become so 
interested in the display technique that they engeged 
a Garland, Texas oil exploration instrumentattion 
firm (Geotechnical Corporation) to devise a 

(Continued on page 7) 

channel would have to be available for the system to 
display the same images of the sonar signals an 
operator would see, so that he could be trained to 
identify and react to the appearance of a variety of 
innocent, versus enemy, targets.   
 
The chief mechanical engineer proposed designing a 
56 track recording and playback head since no 
vendor responded to Sangamo’s request for such a 
device.  56 tracks were proposed so there would be 
tracks to record range, azimuth, tape speed control 
and audio, along with the 48 spatially diverse sonar 
signal tracks. After much trial and error, windings 
were successfully made small enough to fit.  A head 
with all 56 tracks in-line was constructed, tested, and 
worked fine. Now a sonar recorder/reproducer could 
be made.  But now it was the electronics engineers’ 
turn to dampen the enthusiasm of Sangamo 
management..  The sonar signal has a 90dB dynamic 
range [3] and the tape recorder could record and 
reproduce about 60 dB at best.  A compressor/
expander system similar to that used in long distance 
telephone systems was adopted, thus permitting the 
recorder to work with decibel scales of voltage, not 
linear scales, or at least approach that goal.  It 
became a long development project to find a suitable 
and economical component with the proper non-
linear characteristics to simulate the scale conversion, 
and several possibilities emerged. The next problem 
was choosing one that would be uniform enough for 
48 channels to track close enough to keep the channel
-to-channel responses equal at various gain settings.  
After several months a satisfactory result was 
obtained and a standard Sangamo tape handler was 
modified with the 56-channel head, 48-channel 
amplifier unit, and servo amplifiers to handle the 
additional channel data. Protoype testing proved very 
successful and the Navy placed immediate orders.  
 
When all applicable ships and training classroom/labs 

(Continued from page 5) 

FOR THE RECORD 
 

The April meeting of the Mid-Atlantic Antique Radio Club was held at “Sully Station” in Northern VA 
on 15 April, 2018.  About 52 members were present.  The Show-n-Tell session brought out several no-
table items, including a huge recording tape cartridge made for storing radar data (and featured in this 
issue of Radio Age).   
 
Brian Belanger presented an interesting slide show intermingled with sound bites from the news as 
reported by WW2 news commentators, such as Ed Murrow.  The auction followed with some very 
nice radios and test gear featured.  
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combination oscilloscope/camera/film transport/
film developing/fixing/washing/drying machine to 
do all the data capture.  Oh, yes, at the conclusion 
of the drying phase, the film was passed through a 
magnifying projector so the crew could examine 
the data for any tell-tale signs oif a nuclear blast, 
and also so they could keep track of the radar 
operating characteristics, and make necessary 
changes in frequency or antenna steering.  This 
large machine was called a Develocorder.  It 
required the operators to mix development and 
fixing chemicals which collected them in the 
machine’s processing tanks, and to do a daily 
cleaning and washing of all the tanks, rollers, 
applicators and so on. 
 
We were at first appalled at the idea of pouring 
corrosive and vaporous chemicals like film 
developer, fixer, and acetic acid into our rack-
mounted electronics-rich equipment bays, but 
AFTAC assured us that their airmen would be very 
careful with the chemicals. 
 
The prototype radar for the ensuing eight production 
models was set up at Muirkirk, Maryland, on an old 
WW2 Navy intercept site (for German U-boat 
signals) that had been given to the Office of Naval 
Research (ONR).  There the fine details of the 
Develocorder’s quirky operation were revealed.  The 
main problem was that there was a 21-minute gap 

Continued from page 6 

between the time the oscilloscope image is captured 
on the film and the time the image on the film is fist 
available for viewing by the operators.  The 21 
minutes represents the time taken to transport the film 
from the camera to the development process, the 
development, fixing, an washing of the film, and its 
getting dried and transported to the projection 
compartment for showing on the screen.  The 21 
minutes could be lost forever if anything went wrong 
with the oscilloscope trace, or any of the processes 
after that, because during that time period all those 
events were unobservable.  AFTAC’s plan was to 
operate an Ampex FR-1100 four-track tape recorder 
only as a way to capture what was seen on the 
Develocorder, if it looked suspicious or “interesting.”   
But the 21-minute gap needed to be fixed. 
 
So our own ex-watchmakers and aircraft-instrument 
designers got together and sketched out something 
that looked a lot like a magnetic tape cartridge-like 
affair for broadcasters that had recently been 
mentioned in Electronics magazine.  This was what 
broadcast engineers would later call a “cart,” or 
endless tape loop cartridge [4]. Our designers glibly 
said the endless tape loop could capture and hold the 
21 minutes of radar data, and if the data looked good 
coming into view on the Develocorder, the recording 
on the endless loop could be simply erased while 
being over-written by new data.  If, on the other hand, 
something bad happened in the film system, the 21 
minutes of missing data would be captured on the 

(Continued on page 9) 

Figure 3. Develocorder Model 4000, which sits atop a 
short (30”)  cabinet that houses the oscilloscope cir-
cuits.  The CRT is labeled (1) in this illustration, pro-
jecting upward from the cabinet. 

Figure 3. The film processor in the Develocorder 
had the usual three tanks (developer, fixer, and 
wash), each applied to the film by nylon rollers 
that dipped into the fluids and swept the fluid onto 
the film as it passed slowly, guided by other nylon 
rollers. The film was 16mm unperforated Plus-X. 
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Seen at the IRE 1944 Winter Technical Meeting 
by Dan Howard 
 
This replica of the famous 1895 Marconi transmitter was shown at the Institute of Radio 
Engineers Winter Technical Meeting, held January 28-29, 1944 at the Hotel Commo-
dore in New York City.  MP Private Calvin Mercer is shown keying the spark gap.  The 
large copper plate hanging behind the display is the antenna.  In the foreground, for 
comparison, is a state-of-the-art BC-611 FM handie talkie.  Ironically, both devices had 
an effective range of about one mile. 

 
Also on display at the meeting, captured German and Japanese radios allowed the record 1,700 regis-
trants to get an idea of the types of enemy technology then in use, about 4 months before D-Day. 
 
The two-day event featured several technical talks and presentations from the IREs various panels.  
Common themes included:  reconversion from military to civilian production, the emergence of FM 
and television, and especially concerns about allocating the limited available frequency spectrum.  
Sound familiar? 
 
Sources: 
“Radio Key Factor in War, IRE Informed.” Broadcasting, February 7, 1944.pp. 22 & 24. 
Photo by Acme Pictures 1/28/44 

Tidbits 
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loop, and the regular Ampex FR-1100 reel-to-reel 
tape deck could be started immediately, and the loop 
stopped, until the Develocorder problem got fixed.  
Returning the system back to normal would then 
involve saving the loop until it could be transferred to 
another Ampex FR-1100 tape reel. The 21-minute 
tape loop, having been removed from use until the 
transfer to the Ampex was convenient, would be 
stored , while a replacement loop assembly was 
inserted , in case of another Develocorder problem. 
 
What the watchmakers didn’t mention was the sheer 
size and complexity of the 21-minute loop.  While a 
then-novel broadcast engineer’s “Cart” was about the 
size of a small book, the 21-minute 4-track loop 
(using ½-inch tape) was about 20 inches square by 3 
inches thick, weighed 25 pounds, and barely fit into a 
slot in our 24-inch-wide electronics racks.  It held a 
loop of tape 1800 feet in length, which made about 
375 wraps on the 18-inch floating reel.  In operation, 
the tape is drawn off the inner wrap on the reel, and, 
after passing through guides, is squeezed between the 
capstan and its pressure roller, pulling the tape past 
the heads and more guides, taking it back onto the 
reel, becoming the outer wrap..  The ACF instrument-
makers’ design and construction of this transport was 
most exquisite.   
 
Today, if someone said they needed a 21-minute 
temporary storage for radar data, complete with 
annotation, time and parameter labels, they could 
have everything digitized and put on one of those 
four-dollar Chinese-made thumb drives, but back in 
the late 1950s, a magnetic tape loop was the way to 
go.  
 
End Notes: 
[1] The steel tape was, of course  not endless, but was 
about 25 feet in length and had the ends butt-welded 
together by brazing. 
[2]  The letters “BN” indicated “Binaural,” a special (and 
early) form of stereo recording/reproduction.  Although the 
unit had a loudspeaker that could be switched to either 
channel or to the sum of the two channels, the machine 
was intended to be used with high-quality moving voice-
coil separate-channel headphones.  In addition the taped 
music or voice was intended to be recorded by two 
microphones, and in an acoustically refined auditorium or 
hall.  Thus all the reverberation the listener would ever 
hear would be that of the recording hall, and not the 
listener’s living room.  Magnecord’s idea was to show the 
public how realistic recorded music could sound. 
[3] 90 dB dynamic range means that the sound levels 
expected could cover a span of one billion to one in sound 

(Continued from page 7) power. Magnetic tape machines to that date could 
reproduce sound levels spanning only a million to one in 
power.   
[4] In the broadcasting Cart,  the tape loop is not actually 
endless, as the ends are butt-spliced together with special 3
-M cement on an overlapping plastic film strip.  In these 
Carts, the splice often had a special electrically-conductive 
or optically contrasting spot or code on it which would 
pass by a sensor to stop the tape transport just at the 
beginning of the recorded announcement or program.  

Figure 5. Typical 2-channel broadcast “cart” carry-
ing a one-minute canned announcement on the 
left; and on the right is an early “8-track” with 
about ten or twelve minutes of music in stereo. 

Figure 6. The ACF “21-minute  magnetic tape 
memory”  actually held 25 minutes of four-
channel radar data, and performed quite well, 
considering its large size (~20”x20”x3’)and its25-
pound weight.  
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F 
ROM 1938 to well into 1941 the Brit-
ish embassy in Washington, and their 
legation in New York had been mak-

ing it a practice to send scientific attachés 
through the Washington, New York, and 
Chicago “radio markets” on shopping 
sprees.  There, they would shop for the lat-
est and most adaptable radio and test equip-
ment on the market, and send them, via dip-
lomatic pouch, to London, where they were 
distributed to test shops at Swansea, Cam-
bridge, Aldershot, and other military/
scientific labs for evaluation.  Of course, the 
Hallicrafters so-called “UHF receiver,” S-25 
(later to become the S-36), was early to get 
a solid “thumbs-up” from the RAF, and so 
hundreds of S-25s were bought up, mated to aircraft 
power supplies, and flown in bombers and ferret air-
craft to find (and allow avoidance of) German radar 
signals.  Best part of the S-25 was that it was dirt-
cheap, relative to any the military-industrial complex 
could manufacture. 
 
The SX-28 was another that the British liked, but the 
USAAC (US Army Air Corps) laboratories at Wright 
Field in Dayton also liked, and the Air Corps had, by 
1942, gotten the backing of Dr. Terman’s Radio Re-
search Laboratory at Harvard, who thought the SX-
28 to be a very good shortwave radio, considering 
that it used  “single conversion” for the entire cover-
age span, from 550 kHz to 42 MHz.  Double-
conversion was promoted by some high-end receiv-
ers, like some by Hammarlund and Collins,  promis-
ing very effective suppression of image-frequency 
signals interfering with reception. “Double conver-
sion” means the incoming signal is first heterodyned 
(converted) to a relatively high intermediate fre-
quency (IF) of perhaps 4 or 5 MHz, passed through a 
filter at that IF, and then heterodyned again to the 
final IF of 456 kHz.   The problem with double con-
version is that the first IF cannot be within the span 
of frequencies covered by the receiver.  In other 

words, there must be a gap [1] in the overall coverage, 
located at the first IF.  For the SX-28, claiming uni-
form coverage from 550 kHz all the way up to 42 
MHz, there would be just no place in that spectrum to 
situate the first IF, if Hallicrafters had opted for double 
conversion.  Hallicrafters could get away with single 
conversion because they employed two very well en-
gineered TRF amplifier stages ahead of the heterodyne 
mixer. At Wright Field, the USAAC lab was attracted 
to the SX-28 specifically because it offered uniform-
gain and bandwidth over the entire spectrum desired.   
This made calibration and alignment simple and 
straightforward, something very desirable in wartime 
maintenance shops. The USAAC lab also liked the 
fact that all the tubes were available in metal types, 
found to be considerably more sturdy (and GI-proof) 
than glass types. 
 
Both the Army Signal Corps and the USAAC Wright 
Field fellows arranged for Hallicrafters to make ver-
sions of the SX-28 for military use.  The Signal Corps 
wanted the radio much as it was, used for communica-
tions. What the Wright Field lab wanted to do was turn 
the SX-28 around and move the front panel to one 
side, so as to take up less panel space for use in air-
craft, where depth is often more available than width 

HALLICRAFTERS AT THEIR BEST 
BY ED LYON 

In the immediate pre-war years Hallicrafters made very popular radios for the amateur and enthusiast, 
not quite matching National or Hammarlund in quality and refinement, but they kept pace in number of 
features.  It was only in the relative precision and ruggedness (and resultant price) that the other two 
manufacturers rose above Hallicrafters.  Just as the war started, and well before America was in it, 
Hallicrafters put the SX-28 and the S-25 on the market, and after a slight hesitancy, they suddenly flew 
off the dealers’ shelves, and the dealers ordered many more.  What Hallicrafters didn’t  yet realize was 
that their latest radios had gone to war. 

The SX-28 was a 15-tube single-conversion superhet that 
covered the 550 kHz to 42 MHz span, from MF to VHF. 
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and height, because of the many knobs, switches, and 
controls already facing the aircrew members.  By 
working with Hallicrafters engineers outside of Chi-
cago, they succeeded in rotating the chassis and the 
control functions to get them all coming out one end, 
and that would be the new “front panel.”  The radio 
was to be used as a communications signal ferret re-
ceiver, and the intention was to add a motor drive to 
the tuning shaft which would allow scanning the spec-
trum for the appearance of new signals of interest.  
The motor control was synchronized with the sweep 
circuit of a separate panoramic adapter, and in some 
aircraft, a paper strip-chart recorder could be switched 
in to make a permanent record of portions of the radio 
spectrum occupancy.  The new radio was given the 
nomenclature R-45, component of AN/ARR-7 ferret 
equipment. Now, the military employment of this fine 
receiver did not require high fidelity audio, so the full 
phase inverter and push-pull audio system of the SX-
28 was abbreviated in the R-45 to a single 6V6 and an 
output transformer designed to feed a 500-ohm line or 
a battery of headphones.  The output waveform could 
be examined via the “headphone” jack, which was 
capacitor-coupled to the 6V6 output tube, but it did 
show the shapes of any pulsed signals intercepted. 
 
Another departure from the original S-28 design was 
in the noise limiter, which was simplified for the R-45 
to a basic signal clipper, primarily because the S-28 
style Lamb circuit noise limiter could easily attenuate 
narrow-pulse-type modulation such as experimental 
radars might be  emitting , and it could be the pulses 
that would be targeted by the R-45 operators.  In addi-
tion, the RF amplifier stage of the R-45, although us-
ing the same general circuit and 6AB7 tube as the SX-
28 was set to have low voltage gain.  It was intended 
to be another barrier to re-radiation of the R-45’s  lo-
cal oscillator signal, presumably to thwart enemy in-
tercept of the operation of this intercept receiver!  
Military users of the R-45 referred to this input stage 
as a “re-radiation suppressor.” 
 
Back in the early 1980s I offered to assist the widow 
of Robert Young, one of Leo Young’s [2] sons, in en-
gaging an auctioneer to dispose of some of his radio 
equipment, and was able to purchase a relatively 
clean, unmodified R-45, which I recognized as an HF 
(shortwave) receiver, and, since my work was related 
to that part of the spectrum, I decided to try to get it 
working.  First thing I noticed was that it required an 
external power supply, not unusual for airborne equip-
ment.  Most WW2 aircraft electronics gear operated 
from a motor-generator, called a dynamotor, to pro-

duce the B+ power and often the tube heater power as 
well.  In the case of the R-45, the B+ had to be sup-
plied from some external source, and the 12 tubes 
were wired in series-parallel combinations so as to be 
fed from the aircraft 28-volt d-c system.  With an 
added run of shielded wire plus tying off the original 
heater wire runs, I was able to get the tube heaters ar-
ranged to be fed from an ordinary 6.3-volt winding of 
a common transformer, but left the original heater wir-
ing runs in place, carefully tied back to avoid shorts..  
The motor for driving the tuning when using the 
(missing) panoramic adaptor had to be disconnected, 
but I left its wiring there so the set can be restored for 
aircraft use if we ever have another WW2.  
 
I found a power transformer which could produce the 
right voltages for the radio (about 200 volts at 80 mA  
for B+ and 6.3 volts at 5 amps for heaters, but it was 
not quite sufficiently robust to carry the full B+ cur-
rent that the radio could demand.  As noted above, the 
R-45 uses a  6V6 output tube, and there is where a 
good deal of the B+ power is consumed.   Since I in-
tended to use the radio on my test bench for casual 
use, I didn’t need 6V6 power levels of audio, so I sim-
ply changed the size of the cathode resistor in the 6V6 
circuit, and plugged in a 6J5 triode, instead of the 
6V6.  Maximum audio power out would be under a 
watt, at most, but plenty for headphones oir a work-
bench speaker fitted with a line-to-voice coil trans-
former..   
 

(Continued on page 12) 

The Navy called the SX-28 an RBY--1, and often 
paired it with a panoramic adapter, as seen in this 
example, seen on Wikipedia.org. 
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The entire power supply fit into the cabinet of one 
of the ten scrap Heathkit vacuum-tube-voltmeters 
that came from the Young estate, bought at the auc-
tion for a dollar,  The R-45 has a large AN connector 
socket on the front panel, intended to accept the 
power supply plug, which is usually part of the air-
craft radio bay wiring harness.  The socket on the R-
45 also fed output and switching signals  to the wir-
ing harness for coupling to the panoramic adapter 
and other auxiliary recording/display devices.  I had 
no matching plug, so I found a different model plug 
and removed enough of its female pins to fit those 
few male pins of my radio’s socket that brought 
power into the set.  I then made up a multi-
conductor cable to connect the Heathkit VTVM-
mounted power supply to these female pins, plugged 
them into the proper pins on the R-45, and then put 
pieces of spaghetti tubing on all the rest of the pins 
of the R-45’s power socket.  Finally I mixed some 
silicone caulking compound and stuffed some inside 
the socket to hold all the pins I added plus the spa-
ghetti pieces, together, making a crude AN connec-
tor that matches the one on the radio.  
 
At this point I put the R-45 on the test bench, mainly 
to see if it worked. First step was to invert the radio 
and check with an analog ohm-meter to be sure 
there were no low-impedance paths from any tube’s  
plate or screen terminal to chassis, and found no 
such faults. Earlier in the job I had tested the tubes 
and found one open heater, luckily on a 6SK7, a 
type I had in abundance, so I replaced it.  Next step 
would be to apply some B+ voltage and see if the 
plates, screens, and cathodes have reasonably right 
voltage levels. 
I connected my power cable to a lab power supply 
rather than to my VTVM-box supply.  I also inserted 
a  large 1000-ohm resistor in series with the B+ 
lead, and switched on, watching the B+ current 
draw, while I raised the B+ from the lab supply from 
zero to about 200 volts.  At each step-up in B+ level, 
I measured the voltage at about fifteen places in the 
chassis where it should show up as a reasonable 
fraction of the level supplied by the lab power sup-
ply; generally these were plate and screen-grid ter-
minals.  Two bathtub-type capacitors were found 
faulty when under nearly full voltage (almost 200 
volts) and were replaced with new ones of the same 
design., but all the many bypass caps, Micamold 
brand, and  of unusual capacity (0.0082 μF) checked 
out to be healthy (were they mica caps?).  My 1000-
ohm 10-watt power resistor in the B+ line was fairly 

(Continued from page 11) 

warm with the power supply set to 260 volts, and the 
power supply’s current meter read 65 milliamperes, 
which weemed about right, so I reconnected the 
power cable to the VTVM-box supply, connected a 
speaker, and  turned the set on, and it worked fine. 
 
All the above chassis work I recollected from notes 
on the hand-made schematics made in 1984 while I 
probed the radio to learn what it was.  On a dreary 
wet day in early April, 2018, I moved some junk 
from in front of the old R-45, hooked it to a lead 
from an antenna that seemed to have fallen from the 
tree branch where I last used it; thus it was partly on 
the ground, but should pick up something.  Then I 
gingerly switched the VTVM-box supply ON, and 
watched for smoke..  In about 10-15 seconds, the ra-
dio was playing, still bringing in WWV’s signal from 
Boulder, CO, which must have been the last thing I 
listened to with this fine old set, maybe five or six 
years ago. Back in the 1980s I had used it for detailed 
study of the Russian “Woodpecker” OTH radar sig-
nals, but used a Zenith 9-tube chairside set in the 
family room for casual checks on the Woodpecker 
activity, usually before leaving for work each week-
day.  When the Chernobyl nuclear reactor disaster 
struck, in late April, 1986, the nearby Woodpecker 
transmitter’s signals suddenly took on unusual char-
acteristics [3], which I noticed on a Monday morning 
on the Zenith.  The unusual thing was that the signals 
seemed fixed on one frequency, and were not dwell-
ing for a few seconds, then hopping randomly to 
dwell elsewhere on the dial, and so on, as they had 
been doing for years.  It sent me immediately to the R

(Continued on page 13) 

The author’s R-45 ARR-7 intercept receiver, usually 
used aboard aircraft.  This example still has the 
motor-drive for automatically sweeping sections of 
the spectrum in search of enemy signals. 
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-45 after work that day to photograph the R-45’s out-
put signals on a ‘scope, something I repeated each 
day that week, until the signal fell silent, either 
Thursday or Friday, about five days after the Cherno-
byl melt-down.  During this short period, I recovered 
another receiver from my store-room, a Racal RA-17, 
likely the best shortwave receiver ever made, and 
switched it on, alongside the R-45.  In sensitivity and 
selectivity, both radios are very good, but the RA-17  
had the edge on the Hallicrafters, especially in tuning 
accuracy and selectivity.  
And price.  The R-45 I got at auction for $50; the Ra-
cal cost me $300 at auction in 1977. 
 
The pre-war SX-28 and the wartime versions made 
for the military, including the R-45 ARR-7 stand 
among the best of the industry, especially in perform-
ance for the dollar, both at the time of manufacture 
and today, considering the signals that existed at the 
time they were made. 
 
End notes: 
[1] The gap in coverage is necessary because, as dis-
cussed  in the superheterodyne articles in Radio Age 
in the January and March (2018) issues, the incoming 
signal frequency cannot be the same as the IF, nor 
can it be a half, a third, or a fourth of the IF.  Any 
incoming signals that fall on those specific frequen-
cies will pass directly into the IF amplifier stages and 
will interfere with themselves and with the wanted 
signal.  Hammarlund, for example, opted for double 
conversion in many receivers, but had to revert to 
single conversion for the lower end of the overall 
input spectrum, in which was located the first IF for 
the double-conversion bands. 
[2] Leo Young was an experimental scientist and as-
sistant to A. Hoyt Taylor, one of the founders of the 
Naval Research Laboratory in Anacostia, DC. 
[3] A tale about the Woodpecker signal appeared in 
Radio Age  in “The Woodpecker Watch,” March 2013 
issue, page 1, ff.  The Woodpecker radar  antenna still 
stands, but is heavily overgrown with brush and 
weeds. 
 
 

Continued from page 12 
 

View of the R-45 with the case removed, front 
panel at the bottom.  The four shield boxes lined 
up on the left are the RF coil assemblies, through 
which passes the band-switch shaft which oper-
ates wafer-switches in each shield box.  The rear-
most section (uppermost in the picture) is the in-
put end of the RF amplifier string, which explains 
why the antenna cable passes all the way from 
the front panel to that stage.  
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Tidbits—continued from p.8 
 
Luxembourg Effect Revisited, by Ed 
Lyon 
 
Back in the March 2002 issue of Radio Age, this 
writer explained the strange effect that had been 
discovered in Europe, of the Luxembourg national 
radio broadcast (in short wave) audio program was 
being picked up by receivers in many parts of 
Europe, riding upon, and mixed with, the audio pro-
gram of other broadcasters’ signals.  In other words, 
if a person tuned in, say, Radio Paris, he/she might 
hear the Parisian voice or music, but mixed with the 
voice or music being broadcast from Radio Luxem-
bourg. 
 
Such effects are fairly common, and they were com-
min then, as well, in the event the radio receiver had  
signal overload problems, or if there was some rea-
sonably large metallic structure near the receiver , 
which structure contained dissimilar metals or join-
ing by rivets, bolts and nuts, or the like, which 
could act as chemically-active electrical rectifiers. 
 
The rectification of strong radio signals by such 
artifacts would allow mixing of the signals, just as 
in a superheterodyne front-end, where the rectifica-
tion is usually more sophisticatedly called 
“frequency conversion.” The mixing of a strong 
unwanted signal with a weak, wanted signal often 
leads to mixing of the two signals or obliteration of 
the weak signal, if the receiver has too low a rated 
“IIP3.” This nomenclature stands for “Input 3rd-
order intercept point,” and identifies an out-of-band 
signal strength that is so high that it is processed by 
the receiver “front end” equally with the wanted 
signal which is otherwise barely detectable. 
 
Many years after the Luxembourg effect was ex-
plained, more cases of such signal mixing, along 
with unusual explanations, mostly relating to 
unique metal structures near the receiver site, were 
reported, one such in 1940 by well-known eectron-
ics researchers, Austin Eastman and Lawrence 
Horle.  They wrote up their findings in the October 
1940 issue of the Proceedings of the IRE. 
 
They reviewed the old Luxembourg Effect investi-
gations, and re-confirmed that sometimes, when the 
interfering signals are from very high powered 
transmitters, the heterodyning of their signals with 

weaker signals that are propagating in the same vicin-
ity as the strong signal, experience the mixing effect 
due to ionospheric “heating” by the strong signal.  
Raising the electron temperatures in the ionosphere 
can make them suffer more collisions with neutral 
atoms and molecules, and cause nonlinear mixing of 
signals. 
 
But many such cases, they said, were the result of 
outright rectification by junctions of dissimilar metals 
and/or chemical corrosion. 
 
What caught my eye about their report was the in-
strumentation they used to make measurements of 
signal strengths and intermodulation effects in the 
affected area where the signal-mixing had been re-
ported, in a large part of Seattle, Washington.  They 
sescribed a high quality receiver, one with no ten-
dency to mix signals that were  at the same frequen-
cies and individual signal strengths as those which 
mixed in certain locations, thus eliminating the re-
ceiver as the “weak-link” or source of the signal mix-
ing problem. 
 
Was this a fancy Hammarlund, Collins, or National 
receiver?  No.  They used a modified Zenith Robot-
dial radio that they re-mounted in a shielded cabinet, 
and was powered by batteries to prevent power-line 
modes of signal leakage into the IF if the radio.  It is 
not clear which Robot-dial model they used, as they 
did not identify it, except by its photograph, which, 
too, is not too clear.   I would hazard a guess that the 
radio might be the 9-tube model, like 9S242, or the 
like. 
 
Here’s the illustration they used in the article, calling 
it “special measuring apparatus.”  Special indeed! 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 
 
For Sale: 
 Photocopies of DOD publication 
on tube tester Models I-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the I
-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 
 
 

Wanted: 
Geiger Counter aficionados – I 
would like to correspond w/ 
members interested in 40’s to 50's 
vintage Geiger Counters. I’ve 
managed to repair a couple of 
‘em, including one made by 
HEATH, and would be pleased to 
discuss the trials and tribulations 
encountered. Please e-mail, snail-
mail or telephone! 
 
Stephen Imms  
6035 E. Pine Crest Ct, Cornville, 

AZ 86325; 928 852 0881; Email 
steveimms@cableone.net 
 
 
For Sale:  Reproduction faceplates 
for Philco, various brand repro 
escutcheons, pointers, clock radio 
knobs, dial  l ights, rubber 
grommets, washers, bushings, and 
much more. Early publications on 
CD, electronics books, etc. Go to 
www.RenovatedRadios.com to see 
the full selection of radio parts. 
Don’t do  Internet? Call Ed at 
(586) 876-9802 (Leave a message); 
Ed Schutz, Renovated Radios, LLC 
blacksmith@renovatedradios.com 
 
WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. John 
Okolowicz,  (215) 542-1597, 
john@grillecloth.com.  
 

Wanted:  Person who bought a 
Knight-Kit T-60 60-watt AM-CW 
Transmitter at RadioWinterFest-
2018.  I have found the manual, 
marked up by whoever built it, with 
some component value changes and 
other helpful notes. 
Please contact me, Vic Velelli, at 
vele.vic46@gmail.com  
 
 
 
 
 
 
 

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

Obituary 
 

Just as this issue was going to 
press, we received word that 
the sister of long-time MAARC 
member Jim Wilson passed 
away, in Texas.  Jim and his 
family were with her at the 
time, and MAARC is with the 
Wilson family, in spirit, always. 

Requiescat in Pace. 
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MAARC Your Calendar! 
. 

Sun., May 20 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Program: Roy. Stehlik: TV restoration; 
Display Table: Transistor novelty (food products) radios. 

Thu-Sat, June 14-16 RADIOACTIVITY-2018  See blue centerfold section, this 
issue of Radio Age and April issue.  Three days of 
Radios, Audio, Ham gear, swap-meet, auctions, seminars, 
banquet - fellowship.  Held at the Sheraton College Park 
North - at intersection of Powder Mill Rd. and I-95.  
Theme this year is WESTINGHOUSE. 

Sun., July 15 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Program: Dave Rossetti: Matching tubes,  
Display Table: TBD. 

Sun., Aug. 19 MAARC meeting at the Davidsonville Family Recreation 
Center. See p.2 for map and directions. Tailgate at 11:30, 
meeting at 1 p.m. Speaker: John Begg “FM-only radios;” 
Display table: Home-brew 1920 battery sets. 

Hamfests: Check on www.arrl.org  and click on hamfests. 
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