
 
  

While Jimmy Doolittle and  Marshall Boggs 
showed their faith in the Bureau of Standards 
radio beams set up for blind landing of aircraft 
in America [1], in Europe, very similar radio 
beams were in development and test, these 
devised by the Lorenz firm of Germany.  In a 
technique somewhat similar to that of the 
Bureau of Standards, Lorenz used an operating 
frequency usually high enough to avoid 
accidental propagation out of the immediate 
area, by “bounces “ off the ionosphere, and in 
the Lorenz system, the operating frequencies 
were in the 30-35 MHz region.  This was 
sufficiently high to escape most ionospheric 
bending modes, yet not so high that equipment 
to handle the signals would be overly expensive, 
hard to operate, or classified by the German 
military services as “national secrets.” 
 
Indeed, the Lorenz system of nighttime (and 
poor-visibility) guidance of commercial aircraft 
was being tested in England and France in the 
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latter half of the 1930 decade.  It was quite far 
along in development in Germany, of course, 
and over a dozen Lufthansa airliners were 
outfitted with the receiving system used to 
drive a left-right steering indicator on the 
pilot’s instrument panel, and were flying 
regular German routes at night and in weather 
conditions formerly considered unsafe for 
flight. The Lorenz system used a dot-dash 
signal method while the US system used an A-
N system.  The dot-dash method was very 
simple: A special antenna was developed that 
could produce either of two beams, one 
somewhat to the left of the antenna centerline, 
or one to the right of that centerline, depending 
on the operation of switches in reflector dipole 
elements.  The antenna was fed by a continuous
-wave (tone-modulated) transmitter, operating 
at, say, 31 MHz. The switch was a relay, 
operated by a timer that flipped the switch one 
way for about 4 fifths of a second, then the 

(Continued on page 3) 

 

GETTING HYPER OVER RADIO BEAMS 
 BY ED LYON 

 
While Jimmy Doolittle and  Marshall Boggs showed their faith in the Bureau of Standards radio beams set up for 
blind landing of aircraft in America [1], in Europe, very similar radio beams were in development and test, these 
devised by the Lorenz firm of Germany.  This narrative describes the adaptation of the Lorenz beams to 
German military purposes, and what the British did about it. 
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other way for about a fifth of a second.  Thus on 
one side of the antenna centerline long dashes 
could be heard, while on the other side, short 
dots were heard.  The left- and right-biased 
antenna beams overlapped a little (their beam 
patterns actually overlapped by about five to ten 
degrees) in which overlap region the tone heard 
was steady, with the dots filling in the spaces 
between dashes.  The antenna was oriented so 
that the overlap region was the beam on which 
the plane should fly, with the pilot trained to 
steer such as to keep the tone steady by 
following the swinging needle of the panel 
instrument driven by the tone receiver, dots 
moving the needle to the right, dashes to the left.. 
 
The problem with the Lorenz system was that 
although it worked well for landing an aircraft, 
when the dot-dash antenna was located at the 
airport and the overlap slice was aimed directly 
up the runway, it was poor for long flights, since 
the overlap region became increasingly wide 
with distance from the antenna.  The plan, then, 
for use on long overland commercial flight 
routes was to place additional beam-making 
transmitters and antennas along the route, each 
set on a different frequency.  The system still 
required piloting expertise, at the very least to 
control the plane’s altitude, based on experience 
and familiarity with the route.  In 1936, during a 
demonstration of the Lorenz system to potential 
users from Czechoslovakia and Austria, 
interfering signals were received in the Munich 
area, where the demonstration was centered.  
One of the visiting scientists, Dr. Paul von 
Handel [2] noted that in years of high sunspot 
activity, such as 1936-37, they should expect 
signals at frequencies of 30 MHz or thereabouts 
occasionally to propagate via the ionosphere 
during daylight hours.  Lorenz engineers felt they 
could simply raise the operating frequency to 
perhaps 40 or 50 MHz, but Lufthansa and the 
Luftwaffe both objected  because of the lack of 
equipment at those elevated frequencies. The 
tests were delayed a few hours, until the 
interference faded away.  But a war was on the 
horizon, and, if history was a guide,  it would 
find England and France pitted against Germany, 

(Continued from page 1) 

resulting in a significant reduction in 
international cooperation  in development of the 
Lorenz system for commercial flying. 
  
A German engineer working for Telefunken, Dr. 
Hans Plendl, had been experimenting with a 
Lorenz installation near Munich, beginning in the 
early part of 1937, and he found he could spread 
the angle of divergence of the dot and dash 
beams, and simultaneously make the individual 
beams more narrow (much higher in gain) so that 
the overlap region was very thin, indeed.  He 
found that with the original Lorenz receivers on 
the plane, the increased transmitting antenna gain 
and beam divergence extend the range of 
operation of such a plane-guiding beam to well 
over 100 miles, and at that range, the overlap 
region (where the tone was steady, the dots and 
dashes nicely meshing) was only a couple 

The front dial area of the Hallicrafters S-27 so-
called “UHF” receiver, designed for amateurs, but 

bought up in large quantities by the British, for use 
in Ferret  and “Beam-jamming” aircraft. 



Radio Age  November 2016 MAARC’s web site: www.maarc.org         page 4 

in getting to places where they would have to 
operate, either for bombing, photography, or 
artillery-spotting, and he assumed that once 
several such flights were taken, the crews would 
then learn the routes from landmarks, so the 
system could be re-trained onto new targets. But 
the problem remained: just how far along such a 
narrow beam should the aircraft fly? Plendl had 
the answer: a crossing beam, set up separately, 
and crossing the first beam at the target, at a 
considerable angle, optimally a 90-degree 
crossing, but any big angle would do. In his 
mind, the pilot would fly along one beam, and 
upon encountering the crossing beam, received 
via a separate receiver and indicator, would 
know he had arrived at the targeted place.   
 
Initial trials over unfamiliar routes were 
disappointing, because at then-modern bomber 
speeds, which approached 250-300 miles per 
hour, the crossing beam was heard only 
momentarily, and there was insufficient time for 
preparation for bombing.  A lead distance then 
had to be worked out, allowing the needed time 
for bomb-run preparation.  Plendl devised a 
clever scheme:  There would be two crossing 
beams, carefully placed so that they were 
separated at the target area, by a known distance, 

(Continued on page 5) 

hundred meters wide. Now the overall 
pair of beams had become so narrow 
that the system was not as useful for 
blind landing simply because the beam 
pair was hard to find in the first place.  
The original Lorenz system had very 
wide beams so that a plane found itself 
in a dot beam or a dash beam almost 
anywhere it flew, within range, of 
course.  This new system was not 
aimed at landing a plane, but at guiding 
it to a target from a familiar starting 
point.  
 
The Luftwaffe had several twin-engine 
bombers equipped with aerial cameras 
for intelligence gathering.  These were 
then fitted with Lorenz-type receivers 
and indicators, while engineers 
carefully rotated the large new Plendl 
transmitting antenna system to train it on a 
specific target, such as Warsaw.  The plane, a 
new Ju88, flew, zig-zagging slightly from dots to 
dashes repeatedly, until the pilot got the hang of 
detecting the gradual fill-in of the dashes (with 
complementary dots, or vice versa) using his 
headset, because the sensitivity of the panel left-
right needle was too great for smooth flight.   
When he had flown the proper distance, based on 
speed and elapsed time, he was pleasantly 
surprised to find himself directly over a cathedral 
in Warsaw that had been chosen for the aiming 
point of the beam overlap.  Mostly luck!  Later 
test flights found the plane miles short or well 
past the target city. 
 
To get this sharp a beam, Plendl had used a 
number of dipoles arrayed as a group, and placed 
in front of a reflecting back-screen, made of the 
switched dipoles.  The antenna was then made 
more robust, but retained the same features, 
dipoles arrayed in front of a reflector, with a 
marked bend in the middle, defining the dot and 
dash halves of the antenna array.  This bent-
reflector antenna became nicknamed 
“Knickebein,” (leg-bone) for its resemblance to 
an animal’s hind leg.  The primary use for the 
system, in Plendl’s mind, was for training airmen 

(Continued from page 3) 

Inside the S-27 receiver, with the RF section cover removed. 
Note the heavy, but ordinary, plated steel chassis and silver-

plated tuning capacitor. 
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trigger the bomb release, using the X-Gerät 
receiving system, moved from the original 30-33 
MHz to 60 MHz to escape ionospherically-
channeled interference, and to try to get above 
the bands commonly intercepted by English 
eavesdroppers..  Not all bombers carried the 
required receivers, nor were all crews trained 
thoroughly to use the system.  Instead, only 
Pfadfinder (pathfinder) bombers, usually Ju88s 
because of their higher speed, carried the full X-
Gerät system, and their bombs were usually 
magnesium incendiary types, often with 
strontium, calcium, or sodium salts added for 
brilliant colors, these then being used as visual 
aiming points for the conventional bombers that 
followed the Pfadfinders. Plendl will come up 
again later in this narrative, but for now, let us 
see how the British reacted to this new form of 
remote-control bombing. 
 
  On the first of November, 1939, just about two 
months after the outbreak of the war insofar as 
Britain was concerned, a British military attaché 
at their embassy in Oslo, Norway,  opened a 
letter that had been dropped in his In-Box, which 
letter simply instructed him to get BBC to open 
the broadcast to Germany with a special 
greeting, “Allo, hier ist London,” rather than just 

(Continued on page 6) 

exactly five minutes flight time at a 
prescribed airspeed.  These two 
crossing beams could be on the same 
frequency, so that the aircraft receiving 
gear could be made up of two receivers 
and a sensitive relay circuit with a 
timer. The first crossing flashed a light 
on the pilot’s instrument panel to 
immediately throttle back to the 
assigned speed, say225 knots, while the 
bombardier immediately flipped a timer 
on, set for five minutes.  When the 
aircraft crossed the second beam, the 
timer ran out, and it released the bombs 
electrically.  All the pilot had to do is 
fly as straight and steadily as possible 
for five minutes, staying on the radial 
(directional) beam.  The Luftwaffe 
dubbed the aircraft receiving/indicating 
part of this system X-Gerät, translated “X-
device.”  In many cases, German special systems 
and devices carried names that gave a hint as to 
operating principles.  Presumably the X indicated 
the crossing of beams.  The system, called X-
Fahren (X-System), was tested in Germany and 
planned for use in the Polish campaign in 
September 1939, but that battle lasted such a 
short time that there was insufficient time to get 
the transmitting stations erected. Two of the trial 
stations covering parts of Poland were tested in 
early 1940, and the system was pressed into 
service for flights over England by late spring 
1940, as a result of serious Luftwaffe losses to 
RAF interceptors in daylight bombing raids over 
Britain, prompting the Germans to adopt night 
bombing instead, when the RAF was generally 
inactive. 
 
Thus, Hans Plendl was the German scientist who 
spearheaded the development of the multiple-
beam navigation system that grew from a simple 
Knickebein beam, along which a plane could fly 
for great distances (routes up to 300 miles length 
were being run by German bombers during the 
1940-41 period).  He further led the development 
of the added Knickebein crossing beams, one or 
more to alert the bomber of his impending arrival 
over the assigned target, and one to actually 

(Continued from page 4) 

Close-up of the S-27 RF compartment, the type 954 acorn tube 
mixer stage lower-center; below the mixer is the type 955 local 
oscillator; the next compartment (at top) holds the RF ampli-
fier, type 956, and its tuning coils.  Note the commercial qual-
ity, typical for the intended users—amateurs who want to ex-
periment up in the rarified “UHF” area—30-to-143 MHz. 
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operating wavelengths.  These were all eye-
openers for the British.  However, there were a 
few strange statements, such as the disclosure 
that Germany was then building a great aircraft 
carrier in Kiel, already christened Franken.  This 
the British knew was wrong, and, along with 
several statements that had no military value, led 
many in the intelligence services to doubt the 
whole report.   The general opinion was that it 
was interesting, and time would tell if more of it 
was true and useful.  One thing was certain, 

(Continued on page 7) 

starting with the news, if the attaché 
would like to see some of the 
advanced weapons of war Germany 
was then developing..  His boss got 
hold of BBC and got them to do it, as 
it couldn’t be harmful, and might be 
interesting.  BBC did so, a couple 
days later, and on the 5th of 
November, a large manila envelope 
was delivered to the attache’s office 
by a regular delivery service.  It 
contained seven pages of typewritten 
material in German, and the embassy 
pouched it immediately to London.  
This document became known as The 
Oslo Report, and it told of many 
German scientific devices and 
techniques that  were being 
incorporated in weapons, such as the 
V-1 “buzz-bomb,” the radio-guided 
glide bombs later found in use 
against Allied shipping, and a clever 
method of informing a German aircraft crew the 
distance it was from a specific point in Germany.  
This last-named “secret weapon” was not the X-
System described above, but a different method 
altogether.  In addition, there were descriptions 
of the “new” high-speed Ju88 bomber, along 
with its planned production rates, which 
indicated that within six months Germany would 
have 30,000 of them.    Other  paragraphs in the 
report described magnetically-detonated 
torpedoes, several glide-bombs and the methods 
of controlling them to their targets, and both 
search and gun-aiming radars, including their 

(Continued from page 5) 

FOR THE RECORD 
 
 
October 16th saw MAARC members waiting in line for the gates to open in Davidsonville, at the break 
of dawn, with the weather a little chilly and hazy.  When the gates opened, the crowd rushed in and flea
-marketing began immediately.  The bottom parking lot became crowded, and the matket migrated up 
the hill a bit, re-stabilizing with the foot traffic moving along with it. 
 
The auction was large, and saw some unusual pieces, including an RCA (I think) studio console, or 
something passing as one.  The December issue will have many more pictures from the meet, and all 
agreed that it was quite successful. 

Chassis 1 of 5 for the Lorenz EO-6268 “Schwabenland” intercept 
receiver, described on p.9.  Note heavy cast aluminum chassis 
with individual cast-in compartments for various stages.  In the 
upper-left can be seen two of the 11 RP12V2000 tube sockets. 
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though, and that was that the report would have 
to be kept highly secret, or the writer might be 
found and disposed of.  
 
One of the British scientists, Dr. R. V. Jones, put 
a copy of the report in his files so that he could 
see if parts of it seemed relevant, based on 
separate independent intelligence into the 
German use of technology in the war.  He was 
called in early 1940 to help figure out how the 
German air force was finding targets for bombing 
at night, despite strict blackout conditions, and 
Jones and others immediately thought of the 
Lorenz beams, but wondered how they could be 
used over such great distances that separated 
German airfields from the bombing targets in 
Birmingham, London, and at RAF flying fields.  
The general Lorenz methodology was well 
known, but thus far nobody had intercepted a dot 
or dash pattern radio signal from the direction of 
Germany.  Two crashed German bombers did 
carry what appeared to be Loremz receivers, 
thought to be landing aids, and they also revealed 
scraps of paper in the pilots’ pockets that had 
numbers on them, appearing to be azimuth 
directions and locations in latitude and longitude, 
and words like Knickebein and Cleve, obviously 
reminders taken down at a pre-mission briefing, 
and probably relevant to the mission.  
 
Radio signal propagation experts like Eckersley 
were called in and they confirmed that at night, 
Lorenz signals at 30 MHz or thereabouts would 
not propagate from German transmitters to 
listening stations in England, but admitted that at 
great altitudes, such propagation was possible.  
Nighttime test flights, at Jones’ direction, were 
then flown with an Anson aircraft fitted with 
Hallicrafters S-27 “UHF” receivers and capable 
of night flying, near Derby, where radar tracks of 
Luftwaffe planes seemed to be going. There was 
high interest in finding any such beams in this 
instance, because Derby was the location of the 
main Rolls-Royce Merlin engine factory.  These 
flights soon found the dots and dashes, and then 
found the beam where the two meshed. The beam 
seemed pointed at Derby, and it seemed to come 
from the direction of about 100 degrees, which 

Continued from page 6 

would indicate a source near the western-most 
point in Germany, near the Dutch border, where 
the only city of any size was Kleve, whose older 
name was spelled Cleve. This explained the 
“Cleve” found written on the dead Luftwaffe 
pilot’s note.  It was only when the Anson aircraft 
was above 20,000 feet altitude that the beam was 
received, and later flights, now in earnest rather 
than curiosity, found the same beam some nights 
later, this time directed toward Birmingham, and 
on a different frequency, found a crossing beam 
just east of Birmingham which seemed to have 
come from a place in extreme northern Germany, 
on the Danish border near Sylt..  
 
Jones now had to figure out how to disrupt these 
beams, while the Telecommunications Research 
(TRE) people had to figure out how to find 
receivers that would tune in these signals, so as 
to form a fleet of aircraft able to ferret out these 
beams for Jones’ hoped-for antidote for them.  
The British embassy in Washington was flashed 
to get all the Hallicrafters S-27 receivers they 
could, and get them sent to England, 
immediately.  Embassy scientific liaison officers 
scoured the radio shops in New York and 
Chicago, and bought up all the S-27s available, 
and then ordered more from Hallicrafters.  
Transmitters were quickly designed, capable of 

(Continued on page 9) 

This is the tuning dial and band-switch dial for the 
Lorenz EO-6268 receiver, which tunes 1.4 to 25.75 
MHz.  The next-higher model covers the spectrum 

up to 100 MHz. 



Radio Age  November 2016 MAARC’s web site: www.maarc.org         page 8 

great controversy as to what the current was, 
from particles moving in the wire to a sort-of 
fluid running through it. 
 
2. MAARC is mulling over choices for a good 
theme for RadioActivity-2017, and will have it 
and a full list of the old equipment contest cate-
gories by the end of the November meeting on 
the 20th of the month.  Brian believes he can get 
that information into the December issue of Ra-
dio Age (although it bumps into the printshop 
deadline).  Geoff Shearer already has submitted a 
list of OEC categories, and the theme will add 
and possibly change a couple, so those correc-
tions will be part of the squib in the December 
issue. 
 
3. While working on the lead article in this issue, 
the author uncovered a wealth of Hallicrafters 
info in various QST ads of the past and two cof-
fee-table paperbacks that have been popular for 
some years in Geoff Bourne’s booth in many ra-
dio meets.  I think I found 5 different “Skyrider” 
models, including S-1 Skyrider, S-4 Super 
Skyrider, S-7 Super Skyrider, S-9 Super 
Skyrider, and S-10 Ultra Skyrider.  Some cov-
ered a relatively small frequency span (S-1 cov-
ered 1.2 to 25 MHz, and S-4 covered 1.3 to 21 

1.Back in college, we studied Max-
well’s equations, but nobody ever 
told us how he came to all those 
wondrous conclusions at such a 
young age. Born in 1831, he had 
completed his major work, includ-
ing the creation of the concept of a-
c displacement currents and the in-
tegration of electricity, as a study, 

with that of magnetism, thus forming electromag-
netism or electromagnetics as a more thorough 
way to study things like radiation of radio waves 
and light, all of this by the time the US Civil War 
ended, in 1865, when he was but 34 years of age. 
 
What is remarkable is that we have added very 
little to his concepts of electromagnetism  in the 
150-some years since then.  Maxwell died early, 
at 48 or 49 years of age, and soon afterward, 
Heaviside came up with the vector we now call 
the Poynting Vector (apparently Poynting thought 
of it independently) which shows where a-c elec-
trical energy flows.  This concept is taught along 
with Maxwell’s equations in all E-M courses.  
Most everything else that has been formulated 
since then is based on Einstein’s and related dis-
coverers’ concepts of relativity.  One of these 
concepts has been given the name “retardrd po-
tentials,” and it is not about your “slow reader” in 
grade school, but about the restriction of speed of 
reactions to electromagnetic forces to not exceed 
the speed of light in space.   That just means that 
when you connect a wire to a battery terminal, 
the other end of the wire doesn’t know that for a 
moment –at least the time it would take for a 
light photon to get from one end to the other, of 
the wire.  A separate “new” concept, that is, it 
would be new to Maxwell, is the concept that 
electric current is the flow of electrons in a con-
ductor.  The surprising thing in that concept is 
that the electron doesn’t really move very fast 
along the wire, maybe a few feet per second, but 
there are so many free electrons in the wire that 
when you inject a new electron into one end of a 
wire, it crowds one out the other end with almost 
the speed of light. In Maxwell’s day, there was 

Tidbits 

Above is the Hallicrafters S-1 Skyrider, a five-tube 
set from 1934, covering from 1.25 to 25 MHz. 
(from www.shortwaveradio.ch/radio-e/hallicrafters
-s-series-e.htm, website shows all S-models.) 
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producing either dots or dashes in the same 
frequency range as the beams thus far detected, 
from 30 to 33 MHz, but as an expedient, medical 
diathermy heaters, also operating in that 
frequency range, were bought and placed in 
ground locations where their added dots would 
bias the dot-dash balance in the true X-System.  
Within a few weeks, the beams were not useful 
to the Luftwaffe and had got many of their 
bombers lost completely, to the extent that 
several landed at English airfields, very low on 
fuel.  The prediction that Eckersley had made, 
that 30-35 MHz signals would not propagate 
well over the 500-700 km paths required for the 
X-System, except to high-altitude planes, was 
certainly right.  Luftwaffe planes forced by cold-
temperature problems to drop down to 15000 
feet or so were running out from under the beams 
before they reached their targeted areas.  At the 
planned frequency assignment of 60 MHz, things 
were worse than at 30 MHz, and had to wait for 
transmitter sites to be completed later in 1940, in 
occupied France, where the range from 
transmitter to aircraft was much shorter. 
 
By mid-summer of 1940, however, the Germans 
had finally got the full X-System in operation, at 
least for high-altitude Pfadfinder  bombers.  It 
had been reset to operate completely in the 60 
MHz regime, thought to be well above the 
frequency limits of British military radios. It also 
now had three beams crossing the main steering 
beam.  All the beams were code named after 
German rivers, with Weser being the main radial 
beam along which the Pfadfinder aircraft flew.  
At 60 MHz, this beam was only about 100 
meters in breadth at 200 miles distance from X-
System transmitters, many now located in 
northern French towns.  The bomber passed the 
first crossing beam, Rhine, as a warning that the 
X-Gerat operator should set his timer to 
automate the bomb release. Within about 20 km, 
the plane passed through the second crossing 
beam, Oder, at which point the clock started 
automatically, with both sweep hands rotating 
together. In exactly5 km, a third beam was 
crossed, Elbe, which was exactly 5 km short of 

(Continued from page 7) the carefully calculated bomb release point.  The 
Elbe crossing automatically reversed the 
movement of one of the timer hands, which 
began running down toward zero, with the 
second hand simply stopping at the Elbe 
crossing.  As soon as the first hand, which had 
reversed, ran down to zero, it closed a switch that 
operated relays that released the bombs.  In this 
way it didn’t matter at what speed the plane flew, 
as long as the pilot kept it steady. 
 
The Germans, along with the British, were short 
of radio receivers capable of operating at 60 
MHz, and the Germans either didn’t know of, or 
they didn’t like, the Hallicrafters S-27.  As a 
result, they pressed into service receivers 
designed for signals intercept use, very 
expensive and elaborate sets from Telefunken 
and Lorenz.  This author was given a washtub 
full of radio pieces that had once been a Lorenz 
“Schwabenland” radio, Model EO-6268, which 
was typical for Lorenz military intercept sets of 
the period (1940-43).  Its main chassis weighs 
about 60 pounds, and is made of a single multi-
compartment aluminum casting.  There are four 
more chassis like it, but each about one fourth its 
size, and all fit into a cabinet that then weighed 
an estimated 120 pounds.  The tuning dial 
covered 8 bands, and was printed on an 
aluminum disk about 16 inches in diameter.  I 
have had radio designers from Bendix Radio 
look at this pile of material, and they estimate 
that it would take three years to produce the first 
set, and about a month for each additional set.  
One of the worst aspects about this type radio 
being pressed into service in a quickly-
improvised bombing tactic like Plendl and the 
Luftwaffe were trying was that the radio was 
virtually impossible of accepting modifications 
or amendments to adapt to the new role.  All of 
its components fit into recesses and cavities in 
the castings, and could not readily be changed.  
Its best feature was that it used only one type 
tube (other than for the power supply and audio 
output stage), for a total quantity of 11 of these 
tubes, type RV12P2000. 
 

(Continued on page 10) 
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In contrast, as the British used the 
Hallicrafters S-27 in their beam-jamming 
planes, and in their bombers that flew 
over Germany searching for radar signals, 
they added small sub-chassis and brackets 
to hold new components, and in one 
radical change, they added another RF 
amplifier stage (a 956 acorn tube) which 
had oscillation troubles until its gain was 
progressively reduced to finally reach 
stability [3].  The purpose of the stage 
was to reduce the amount of local 
oscillator (another acorn tube, a 955) 
signal that escaped out the aircraft 
antenna.  The wartime demand for S-27 
receivers was so great that when its 
successor, the S-36 came out, it was 
snatched from the assembly lines before 
the front panel’s trademark Hallicrafters 
dial cover-plate could be delivered from 
the vendor, and so S-27 dial cover-plates 
were used.  Today, many radios labeled on the 
front with the S-27 dial cover are actually S-36 
radios. 
 
But back to our story:  The Luftwaffe X-System 
of radial and crossing precision beams enjoyed 
some early success, but persistent jamming by 
mimic beams and dots and dashes from all over 
England and its skies eventually caused the loss 
of too many German planes and missions, and for 
them, time was running out.  There was a Fűhrer-
driven timetable that had the invasion of England 
on it, and, when that seemed impossible, it had 
the invasion of Russia on it instead, and at either 
point in time the air war against Britain would 
have to be seriously cut back. To counter the 
British X-Gerät countermeasures, the services of 
Plendl were supplemented by the designs of other 
Telefunken, Lorenz, and Siemens-Halske 
scientists, and a method of ranging based on 
signals sent to and from the lead bomber, was 
resurrected.  It had been worked on earlier, but 
was rejected in favor of the Plendl method which 
required only reception aboard the aircraft.  In 
this new system, simple tone-modulated low-
power signals were transmitted from the plane to 
a home-base in Germany or France, at which 

(continued from page 9) 

point the base station returned the modulation 
(the tone) but now modulating a different carrier 
signal, to the plane.  This was the scheme 
described in the Oslo Report.  
 
Special search receivers and antennas at the base 
stations found the Luftwaffe plane flying along 
the proper narrow Knickebein beam, still at 60 
MHz and very narrow, when the plane 
automatically replied with its tone-modulated 
signal.  The ground station returned the tone, as 
received, on a different carrier, and in the plane 
this tone signal phase was compared with that of 
the originally-transmitted signal, whose tone 
generator was still running.  The phase difference 
was automatically converted to distance from the 
base, and the pilot was given basically a “DME” 
indicator, to use modern parlance.  DME denotes 
Distance Measuring Equipment. So the pilot, 
having been briefed as to what DME reading was 
his bomb-drop point, simply watched the 
indicator needle drop down from a positive 
reading (meaning he was short of the target) to 
zero, when he toggled his bomb load.  The new 
equipment in the aircraft was called Y-Gerät.  
Again, these were Pfadfinder aircraft, simply 

(Continued on page 11) 

The tuning gearbox and coupling linkage to one of the gang 
tuning capacitors in the Lorenz EO-6268 receiver.  Since 

these were built in separate castings, any misalignment be-
tween units is accommodated by the unusual crank-plus-

pitman coupler between them.  A similar coupler on far left 
drives a separate tuning gang in its casting. 
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because the new system was in very short supply.  
Bombers following the Pfadfinder would zero in 
on his special flare-type incendiary bombs, 
varied in color pattern daily.  Of course, some of 
these planes were lost over England, and reverse-
engineering of the battered electronics 
complement revealed this new modification that 
obviated the need for crossing beams, even 
though the Germans continued radiating (but not 
using) them, just to keep the English wondering 
why their jamming seemed to have lost its 
effectiveness. 
 
R.V.Jones  listened to the stories told by radio 
intercept experts in Britain, as he grappled with 
the constant changes being made in the German 
night-bombing techniques.  New signals were 
being discovered, some from ground stations, 
and some from what must have been the blacked
-out night-flying Pathfinder bombers. The 
diagnosis of the fancy receivers in the crashed 
bombers hinted at tone-modulated signals being 
transmitted from both ground and plane.  Jones 
never said so, but it is likely that the Oslo Report 
may have been subconsciously recalled from the 
recesses of his brain, because he suddenly 
realized that the tone sent to the aircraft was the 
aircraft’s own tone, in the form of an amplified 
echo from the base station.  So this was a giant 
radar system, in which the plane sent a signal to 
home base, where it was returned, amplified (but 
not altered in any other way), like a strengthened 
echo, able to be heard by the plane maybe 200 
miles away.  This was exactly what the Oslo 
Report had described as a range-finder for 
aircraft and their home bases.  The system could 
be turned around, as well, with the Y-Gerät 
equipment on the ground, measuring how far the 
plane (or flying bomb) had flown, which was the 
original purpose of this Siemens-Halske concept. 
 
Once the principle had been worked out by Jones 
and his team, it was not difficult to jam these 
signals, as well.  The phase measurement aboard 
the aircraft required good signal-to-noise ratios 
to be useful, and noise jamming was effective in 
ruining the measurement of range, causing bad 

continued from page 10 bomb runs.  The old beam-distortion caused by 
the Knickebein-jamming transmitters also 
continued to cause the planes to lose track of the 
Weser beam, and in the autumn of 1940, when 
the daylight Battle of Britain commenced, as a 
last-ditch effort to wear out the RAF, the beam-
following adventures of the Luftwaffe had faded.  
 
On the other side of the coin, the British had also 
turned from a disastrous daylight-bombing effort 
against Germany to a far more successful night-
bombing method.  To navigate, though, they 
avoided the Lorenz beam-riding method, 
knowing full well that Germany would copy the 
British jamming antidote.  Instead, they went 
immediately to a pulse-measuring system where 
all the transmitting took place on the ground, a 
concept by an engineer named Robert Dippy.  In 
this system, two transmitters, separated by as far 
as could be managed, usually at least 100 miles, 
simultaneously broadcast narrow pulses, 
repeatedly.  Any aircraft that received these 
pulses could subtract the time-difference-of-
arrival (TDOA) of the pulses and this would 
define a curved surface on which the plane was 
located.  If, then, a third ground-based 
transmitter, located elsewhere, also had sent out 
pulses, simultaneously with those of the first two 
transmitters, then two (or three) curved surfaces 
were defined by the measurement of the TDOAs 
of all the transmitters’ pulses.  The intersection 
of any two of these surfaces, which became 
geometric hyperbolas on a map, defined where 
the plane was, on that map.  Initial tests in 
Britain showed the system to have unbelievable 
accuracy, sometimes down to about one or two 
tens of meters, so that the permanent placement 
of the pulse transmitters allowed publishing of 
grids formed by the intersection of all the 
hyperbolic curves formed by a series of 
postulated TDOAs among the transmitters.  In 
the aircraft, TDOAs were measured on a cathode
-ray tube, as in an oscilloscope, and reference to 
the grid for the stations selected revealed the 
plane’s location on an aerial chart.  The only real 
problem facing the designers was how to get the 
ground-based transmitters to make their pulses 

(Continued on page 12) 
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go out simultaneously.  That was solved by 
sending the pulses all out to the various 
transmitters from a single master transmitter, 
compensating the master-pulse arrival times for 
the known distances between master and each 
slave transmitter as each set up its pulse timing 
system.  The hyperbolic-curve grids formed 
gave the system its name, GEE (for Grid). 
 
Unfortunately, an early test of the system over 
France in 1942 resulted in loss of an aircraft 
with the GEE receiver and display in it, and 
without the mandatory impact-sensing thermite 
destructors installed.  To persuade the Germans 
(who would certainly examine the wreckage 
carefully) to pass over the new equipment, 
Jones and his associates quickly leaked out 
stories and some paperwork of how they were 
copying Knickebein and Y- Gerät, and calling 
the system JAY, just in case a downed RAF 
crewmember would be coerced to mention 
GEE, which would sound about the same to a 
Teutonic ear.  The British knew that there was 
no “magic” in GEE or any other guidance 
system, so that they should get the most from it 
while they could.  Rather than feed the system 
into the bombing practice in tentative trial 
sorties, gradually increasing its employment 
with time, as the Germans did with Knickebein, 
X-Gerät, and Y-Gerät, the RAF outfitted 
squadrons of planes quickly, mostly Mosquito 
pathfinder bombers, and used the GEE system 
in wholesale fashion, and, owing to the 
difficulty in downing a Mosquito, the GEE 
navigation scheme lasted quite a while.   
 
By this time America was in the war, and 
Vannevar Bush’s NDRC (National Defense 
Research Council) had been developing a 
similar system, called Project 3, conceived by 
Alfred Loomis and intended to help convoys 
navigate their way across the Atlantic. This 
technique was very similar in principle to GEE, 
but on a much larger scale.  After the US-UK 
exchange of electronics technology, the 
development of the Project 3 technique was 
changed to be yet more similar to GEE, and 
Dippy was sent to America to help with the 

(Continued from page 11) transition, including making the operator’s 
instrument and receiver packaged just like 
GEE.  This would pay off later, when US and 
British planes flew side-by-side in battles, from 
places like North Africa and Australia.  The US 
system operated at low frequencies, just above 
the AM broadcast band (about 1800 kHz), and 
was later called LORAN, for LOng RAnge 
Navigation.  Because it ran on such low 
frequencies and at very high power levels, it 
spanned huge distances, and the first 
installations (after some trials in New England 
and the Middle Atlantic states) covered all of 
the north Atlantic with three stations.  Soon it 
also covered Europe with LORAN transmitters 
in North Africa, the Iberian peninsula, and 
Scotland.  Jamming LORAN was more 
difficult, simply because the signal levels were 
so high to begin with, and the frequencies so 
low that antennas capable of radiating effective 
jamming power had to be immense.  The 
British and Americans used LORAN to 
navigate on a coarse scale, then switched to 
GEE within the UK, for fine measurements and 
approaches to landing fields.  In continental 
Europe, GEE eventually became jammed by the 
Germans, which upset bombing plans from time 
to time, but by this time the British were using 
microwave airborne radars to paint maps of the 
terrain over which they flew, and with a little 
training, pilots could navigate and do a fair job 
of bombing even when visibility was absent, 
entirely through the use of H2S, their 2500-
MHz airborne radar systems.  American 
airborne radars soon followed, operating in X-
band (~10,000 MHz), yielding nearly optical-
quality depictions of the terrain ahead of and 
under the bombers. 
 
It is interesting to note that in the WW2 
struggle to determine which language (English 
or German) would be England’s post-war 
tongue, both sides chose to conserve their 
bombers by operating at night, but there the 
thinking separated.  The Germans sought to 
guide their planes on beams, marking the end-
points with several bombing-automated 
crossing beams, and when these latter became 

(Continued on page 13) 
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contaminated by the enemy’s countermeasures, 
they resorted to radar techniques, enhancing the 
strength of the sought-after “home-base 
reflection” by electronic amplification of its size.  
On the other hand, the British went directly to a 
hyperbolic navigation system which provided a 
sort of distorted “football-field” or gridiron 
picture of the terrain. And then a second, 
obliquely-rotated, gridiron was made available 
and by measuring which yard-line the plane was 
over, on both gridirons, the fix was in.  Both 
systems could be, and were, jammed by 
interfering signals, but the British system could 
be made far more difficult to disable through the 
use of dozens of similar pulse-generating 
transmitters scattered about the country, each one 
requiring German jamming in many locations, 
just in case it was the real McCoy.  As a sort of 
bonus, the British system, GEE, had completely 
passive components (receivers, only, no 
transmitters) of the GEE system in the aircraft, 
meaning the aircraft could not be detected and 
tracked by the very efficient German ground-
based direction-finding network. 
 
POSTSCRIPT: Did the Oslo Report help the 
British pit the Hyperbolic Navigating GEE 
system against the German Beams?  Possibly, 
but not a significant amount, because during the 
war both were highly classified, and the Oslo 
Report was not used as a reference.  R.V. Jones 
was one scientist who read it most thoroughly, 
and it might have subconsciously helped 
diagnose the Y-Gerät modification which made it 
better than X-Gerät.  In other areas, it predicted 
the use of V-1 “buzz-bombs”, the Henschel 
guided glide-bombs, some rocket-propelled 
artillery, radar altimeters, and several naval 
weapons, like magnetic torpedo fuzes, but it was 
not helpful in showing which combinations of 
these obvious weapon-enhancements were being 
considered, and it had several positively wrong 
descriptions included.  The wide range of 
weapons, however, pointed to someone in the 
electronics business as the author, since most all 
of the advances described utilized novel 
electronics.  Research by Jones has shown that 

(Continued from page 12 
 the author must have been  Hans F. Mayer, a 

senior scientist with Siemens Halske, who later 
met Jones, and had agreed that this knowledge 
not be divulged until after the death of his wife 
and himself.  During the war he found himself 
working with Plendl and von Handel on radar, 
radio signal propagation, and associated 
technologies.  He spent the last year of the war 
imprisoned at Dachau for listening to BBC on a 
hidden radio, and for not pledging allegiance to 
Hitler when arrested.  Upon his release at the 
war’s conclusion, he voluntarily came to 
America with Plendl and von Handel as part of 
Operation Paperclip.  Plendl and von Handel 
worked for the Institute for Defense Analysis in 
nearby Arlington, VA, and Mayer went to work 
for the USAF Research Laboratory at Wright-
Patterson AFB, Ohio. 
 
End notes: 
[1] Lyon, Ed., “The Blind-Landing Caper,” 
Radio Age, 41, 5, May, 2016, p. 7. 
[2] Paul von Handel had had a hand in the 
development of Klein Heidelberg Parasit, a 
bistatic radar system that used the British Chain 
Home 26-MHz radar system to illuminate 
British planes enroute to Germany while 
innocuous receiving antennas and receivers in 
Germany plotted the planes’ echoes.  The 
system was described in Radio Age, 37,9, Sept., 
2012, pp. 1,ff.  
[3] If you have a military-surplus Hallicrafters 
S-27 or S-36 receiver, and want to restore it to 
operation, perhaps as an excellent FM receiver, 
it is well to remove, if necessary, this added 
type 956 RF pre-amplifier stage, since it 
actually reduces the RF gain, and adds noise, 
and it was not an original part, anyway. 
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 RadioFallFest-2016 Scenes; Photos by Ted Paskowski 

RadioFrostFest!!! 
At the National Electronics Museum, 

Linthicum, MD 
January 15, 2017. 
Vendors...7:30 am 

General admission… 8:00 am 
Details in December Radio Age. 

The upper two shots show the flea-market in action.  By 8:05 a.m. the parking lot was pretty much filled.  
Lower pix are of the auction preparation, tags in place, ready to go!  Plus our auction crew, in action. 
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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 
 
F o r  S a l e :  R C A / N i p p e r 
Maintenance mats, new old stock 
(probably 1980s), red vinyl, black 
cloth backing, 51 by 31 inches, 
1.3 lbs. Two Nipper (dog and 
Victrola) logos with words"RCA 
Replacement Parts" in white at 
top and bottom. Mats were 
intended for use by technicians 
repairing electronics in your 
home. Mint, folded in original 
stapled plastic bag, with insert 
printed "RCA Stock # 1F8084". 
Fine display table coverings. $43, 
or two for $78, postpaid in U.S. 
Email or phone for picture or 
more info.  Alan Diamant, 108 
Redwood Drive; Madison, AL 
35758; 256-325-4600, email: 
amdiamant@aol.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. 
 
For Sale:  Reproduction knobs and 
rubber parts for vintage/antique 
radios. (Latest product: lever 
buttons and push-buttons for 
Belmont table radios) See 
www.RenovatedRadios.com to see 
the full selection of radio parts. Or 
call: (586) 876-9802 (Leave 
message)  Ed Schutz blacksmith@ 
RenovatedRadios.com 
 
Vintage Electronic Services: 
Specializing in vintage radios, test 
equipment, and audio.  
**  Elec t r ica l  Repai r  and 
Restoration  
** Component Rebuilding  
For more information, visit my 
w e b s i t e  a t  h t t p : / /
services.pixellany.com/  
Mark Herring, Annapolis, MD  
443-949-9785  
mark@pixellany.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. 
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MAARC Your Calendar! 
 

Sun., Nov. 20 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table::Horn speakers; Program: 
Horn drivers. 

Sun.,Dec. 18 MAARC meeting at the Sully Station Community Center, 
Northern VA. See p. 15 for map. Tailgating at 11:30, meeting 
at 1:00.  Display Table: Allied Radio (Knight) kits; Program Ed 
Lyon on Radio Kits. 

Sun., Jan 15 MAARC annual RadioWinterFest at the National 
Electronics Museum, Linthicum, MD.  Watch this page for 
details,  

Sun., Feb 19 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Program: Super Show and Tell. 

Sun,. Mar. 19 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table: 50s clock radios; Program 
High-end Audio—Mike Kendall. 

Hamfests:  —check the ARRL website, www.ARRL.org 

Presort Standard 
US Postage Paid 
Permit  401 
Frederick, MD 

Mid-Atlantic Antique Radio Club 
c/o Geoff Shearer 
14408 Brookmere Dr. 
Centreville, VA  20120-4107  


