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ABSTRACT

We present a description and analysis of the German WW2 bistatic radar system Klein
Heidelberg. A brief account is given of the nature of the electronic war between the Allied
bomber aircraft and the German air defence system, to show the context in which the Klein
Heidelberg system evolved. This is followed by a description of the development of Klein
Heidelberg, a technical description, and an assessment of its performance. Next, a discussion
of its operational significance, of what happened after WW2, and finally some conclusions and
some lessons learned that may be relevant to the development of present-day bistatic radar
systems. In particular, we show that its performance was impressive, yielding detection ranges
of Allied bombers in excess of 300 km, but that it became operational too late to make any
significant difference to the course of WW2.

1. CONTEXT

The term bistatic refers to a radar in which the transmitter and receiver are in separate locations
(Figure 1). In practice this means that they are separated by a considerable distance, usually
understood to be of the order of the target range, so as to distinguish it from smaller separations
designed only for receiver isolation from the transmit signal, and this gives bistatic radars some
different and distinct properties compared to conventional monostatic radars [2, 3]. Bistatic
radar is presently a subject of significant interest and research in many countries worldwide,
which is reflected in the large volume of publications in academic journals and at conferences.

The purpose of this piece is to present and analyse information on a German WW2 bistatic
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radar system called Klein Heidelberg (hereafter denoted KH) which was used to enhance
German air defences by exploiting transmissions from the British Chain Home (CH) radar
transmitter, as shown in Figure 1. Whilst some scattered information about this system has
been known for many years, recently-discovered material has greatly increased our knowledge
about KH and its performance, and the relevance to present-day systems means that this
discussion may be timely.

This account begins with a review of the properties of bistatic radar, to explain the present
interest and to set the context for what follows. Next we give a short summary of German WW2
air defence radar and electronic warfare. This is followed by an updated account of the
development of KH, a technical description, and an assessment of its performance. We then
discuss its operational significance during WW2, what happened after WW2, and finally we
present some conclusions and lessons learned, particularly with respect to present-day bistatic
radar systems.
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Figure 1. Bistatic radar. Many of the properties are a function of the bistatic triangle formed by
the transmitter, target and receiver.

Properties of bistatic radar

The transmitter and receiver of a bistatic radar are purposely separated in order to achieve a
technical, operational or cost benefit when compared to other sensors, including monostatic
radars.

An example of the technical benefit is to improve target location accuracy by (a) using a
multistatic configuration consisting of multiple transmitters and/or receivers, again separated by
considerable distances, such that the geometric dilution of precision (GDOP) is improved, or (b)
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increasing the bistatic angle in semiactive homing missile end-game engagements thereby
reducing target glint [3].

Examples of the operational benefit are (a) covert operation against emitter locators, jammers
and antiradiation missiles by exploiting ambient transmissions in the environment, including
those from radars, television and radio broadcast transmitters, and satellites, (b) in conjunction
with (a), operating as a stealth trap, by exploiting VHF ambient transmissions to covertly detect
stealthy vehicles in their RCS resonance region, (c) countering high gain, retrodirective jamming
by locating the receiver outside the retro-j ammer 6 s main beam, and-
weight, low-cost receiver on satellites, planetary probes or small air vehicles for short range
surveillance [3].

Examples of the cost benefit are (a) again exploiting ambient transmissions to avoid dedicated
transmitter volume, weight, and cost penalties in the radar system, and (b) exploiting existing
data links, including the Global Positioning System (GPS), to provide suitable timing and phase-
stable references for all elements in the bistatic system [3].

Applications that exploit these benefits include:

() Satellite tracking (the SPASUR legacy niche)
(ii) Efficient, low cost scientific measurements of:
i Planets
T lonosphere
T Wind
(i) Short range intelligence surveillance
(iv) Air and surface surveillance
(v) Attack warning and cueing
(vi) Counter-ARM / ECM / ESM
(vii) RF stealth adjunct

These applications, along with their developments, are detailed in [3]. The first two applications,
satellite tracking and scientific measurements, have reached operational deployment, with the
legacy of all bistatic radar systems represented by the Space Surveillance System (SPASUR), a
multistatic interferometric radar fence deployed in the U.S. for satellite location, starting in 1958
and continuing to the time of this writing. The third application, intelligence surveillance,
remains shrouded in official channels, but publication of two major chapters in [3], Spotlight
Synthetic Aperture Radar and Adaptive Moving Target Indication, suggests that the subject is
receiving considerable military funding. The last four applications have been analysed,
developed and in most cases tested by the military, but have not been widely deployed i if
deployed at all. Potential reasons for this include (a) threats either were not deployed or if
deployed were not severe enough to warrant countermeasures, (b) lower cost systems were
found to be sufficient countermeasures, or (c) technology was not available, too cumbersome,
or too expensive to implement the application. One early i and truly unique i exception to the
fourth, fifth and sixth applications is KH, the subject of this piece.

(d)
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Bistatic radar actually has a long and fascinating history. Some of the first radar experiments

were bistatic, using forwar d2, 8)c 8Since then, infefesthases d t o

varied cyclically, with resurgences having a period of 15-20 years over the past seventy years,
putting us into a third cycle. And there is now good reason to believe that the technology is
available to economically implement the applications listed above T given the operational
requirements to do so.

KH was the first hitchhiker. A hitchhiker is a bistatic receiver operating with the transmitter of a
separate and usually independent monostatic radar. The monostatic radar can be friendly or
hostile, and in the case of KH was hostile. The hitchhiker can be considered for all but the first
of the seven applications. The term ditchhikeréwas coined in the U.S. in the 1970s and, sadly,
with scant knowledge of past bistatic radar developments, including Klein Heidelberg. However,
it is now generally understood and accepted in most radar communities.

Klein Heidelberg or Klein Heidelbergi Parasit, to give it its full name, was developed by the
Germans in WW?2 for long-range air surveillance in the presence of ECM and ESM (applications
iv and vi), as an adjunct to their Kammhuber Line. Six KH receivers were deployed along the
Dutch, Belgian and French side of the English Channel and North Sea, all of which hitchhiked
off the British Chain Home (CH) transmitters. Its principal benefit was covert and thus un-
jammed operation in response to Allied jamming and chaff deployed against the VHF/UHF
monostatic radars in the Kammhuber Line. Emitter locators were countered as well.
Furthermore, this type of hostile hitchhiking discouraged deploying conventional ECM against
KH since it would also degrade the performance of CH.

Until recent | vy, littl e wa s k nown about KHO s ch
number deployed and its effectiveness in aiding German surveillance of allied bombing raids
from England. However, some more recently-discovered documents [4, 5, 6] have provided
substantially more information. This paper summarizes the new information and assesses the
rationale for developing KH and its resulting effectiveness.

So why be concerned with such an ancient and obscure military artefact? To quote George
Santayana , 6Those who cannot | ear n f r @huas, suchsistaricay
studies may allow us to understand how the originators of particular ideas were inspired and
how their sparks of genius were generated. Many modern ideas that we suppose to be original
were actually first conceived many years ago. Equally, it may be that ideas from the past, which
did not succeed because the necessary technology was not available, may now be more
promising 1 as with the case of bistatic radars.

2. HISTORICAL PERSPECTIVE OF GERMAN AIR DEFENCE RADAR AND ELECTRONIC
WARFARE

To understand the origins of KH it is necessary to understand something of the cat-and-mouse
game of countermeasures and counter-countermeasures used by both sides in the battle

aracte

are d



between Allied bombers and German air defence in WW2. These were essentially the origins of
Electronic Warfare [7, 8].

German WW?2 air defence radars

German air defence early warning radar was based initially on the FREYA equipment [9, 10,
11], operating at a frequency around 120 i 130 MHz. FREYA used array antennas and lobe-
switching to improve horizontal accuracy. FREYA radars were in service right from the
beginning of the War and a number of different types were developed over the course of the
War.

Subsequent |l y MAMMUT (6Hoarding6) and WASnG EaRdvsBANN ( 6 (
were devel oped FREYAsmusidgsnore ok lesd the same basic hardware but

larger, higher-gain antennas, with the first ones of both types going into service in 1942.

MAMMUT used essentially 16 FREYA antennas arranged in an array 30 m across x 10 m high

with electrical beam steering over +50° using helical lines as phase shifters, and 200 kW peak

power. The WASSERMANN array of 8 or more FREYA antennas was 60 m high and was

rotatable, with 100 kW peak power [9, 10, 11]. Another FREYA-derivative, the JAGDSCHLOSS
(6Hunting Lodged), was de Wal bysedd scarmingaantehisa2@mh e end
wide rotating at 10 rpm and a plan-position-indicator (PPI) display, as well as a slightly higher

frequency. The PPI display information could be sent by land line or radio link (a scheme

known as Landbrieftrager).

German ground-based fighter control used radars called WURZBURG (originally developed for
gun-laying), and later WURZBURG-RIESE (Giant Wirzburg i with a larger dish antenna and
hence longer range), operating in the frequency band around 560 MHz. Airborne intercept was
a later development for night fighting aircraft, which made use of a radar called LICHTENSTEIN,
operating either around 490 MHz (LICHTENSTEIN B/C) or 80 MHz (LICHTENSTEIN SN2), with
four sets of dipole antennas mounted on the nose of the aircraft.

Figure 2 depicts the various types of German WW?2 air defence radars.

Several sources, including the Bruneval Raid (27/28 February 1942) in which British Special
Forces mounted an audacious raid on a German radar installation on the north coast of France
to capture parts of a WURZBURG radar and bring them back for analysis, showed that German
radars were rather better engineered than British ones. Reference [12], which is based on a
first-hand inspection of German radar equipment and its crews in Denmark after the War, states
that:

From an engineering standpoint the mechanical construction of the vast aerial arrays used
in the ELEFANT and WASSERMANN was excellent. Light alloys had been used
extensively to reduce the weight of these enormous erections without impairing their
strength, and the robustness of the turning gear and absence of back-lash on all equipment
was most impressive. The high quality of the electrical engineering was demonstrated by
the efficient aerial feeder systems on all equipments, by the ingenious phase shifters for
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electrical beam swinging on the WASSERMANN and MAMMUT and by the facilities for
rapid change of frequency without appreciable loss of sensitivity on the WASSERMANN M2,

Lichtenstein
SN2: Al

Figure 2. German WW?2 air defence radars (Svejgaard [55]).
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Their radar operators, though, were not so well trained, and the comfort of the operators does
not seem to have been a high priority. R.V. Jones [7] describes that the radar operator captured
in the Bruneval Raid, although very co-operative under interrogation, was of low technical
competence and in fact up to that point in the War had spent more time in jail that out of it.
When, after the War, in a conversation with General Martini (Head of German Signals and
Radar) Jones had commented on this, Martini responded that his demands for staff were
treated with low priority and that he had to make do with personnel regarded as unsuitable for
other roles. Furthermore, the Germans were unable to draw on the skills and experience of
amateur radio operators, since this had been banned by Hitler before the War. Another source
[13] states that that the operators of the FREYA-LZ radar had to enter the cabin in a particular
order, since once inside there was no room for one operator to pass another. Emphatic
confirmation of all of this is provided in the report on Exercise POST MORTEM [12], discussed
later in this section, which reports that:

In designing the radar control cabins little attention had been paid to the comfort of the
operating crews. The ventilation, lighting and seating on many of the equipments could
hardly have been worse. The operators, working under these unsavoury conditions,
compared unfavourably in their standards of intelligence, training, operating discipline and
initiative with British crews.

As well as FREYA, MAMMUT, WASSERMANN and JAGDSCHLOSS a large HF radar called
ELEFANT was installed in the Netherlands, and subsequently a version called SEE-ELEFANT
on the island of R@mg off the west coast of Denmark [14, 15, 16]. They have been confused
with KH, in part due to physical similarities in the receiving antenna. However they were
separate developments. The ELEFANTSs are described in more detail in Appendix A.

German WW?2 air defence system

The German air defence system consisted of a network of radar stations, each known as a
Stellung (site) and denoted by the codename of an animal, bird, fish or flower, with the initial
letter corresponding to that of a nearby town or village. These were designated as first-order,
second-order, or third-order sites. The third-order Stellungen reported information using coded
radio transmissions to first-order Stellungen; the second-order Stellungen formed an air picture
and transmitted that to first-order Stellungen. The first-order Stellungen combined their own
information with that from the second- and third-order Stellungen, filtered out friendly aircraft
detections, and transmitted the information on to a Himmelbett Operations Room. Here the
overall picture was assembled, and the information passed back to the first-, second- and third-
order Stellungen. The radar information was supplemented by visual observers and reports
from radio interception stations. The whole was organised in a layered scheme of zones called
the Kammhuber Line?. Figure 3 shows the locations of Stellungen in north-west Europe.

Later on the German night-fighters adopted Wilde Sau (Wild Boar) tactics, in which fighters
operated individually, relying solely on data from the LICHTENSTEIN radar coupled with the

2 This configuration was so effective it was copied by some Allied countries after WW?2.
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pilotds initiative andZahme &ayéTaneerBoar) tactics wheke fightera s t

were guided by ground control to specific bomber targets.

British and German countermeasures and counter-countermeasures

As soon as British scientists learned about the German air defence system, principally from
decoded communications intercepts and from interception of the radar signals themselves, they
set about devising jamming and deception techniques. The story is splendidly and
authoritativelyt ol d i n R. V. Most Gecets\Was [7].b One kf the first jammers was
MANDREL, a low-power (~2W) noise barrage jammer employed against FREYA and its
derivatives, introduced early in December 1942, and carried either by Stirling bombers of 199
Squadron (self-screening) or by Defiant aircraft of 515 Squadron (stand-off). When MANDREL
was introduced, Bomber Command losses (expressed in losses per 3,000 sorties) fell
significantly (Figure 4) [11, 17]. This plot also shows the dates of introduction of some of the
other countermeasures, and shows that in general, each countermeasure had an immediate
effect which lasted for a few weeks until the Germans developed an appropriate counter-
countermeasure or tactic.
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Figure 3. Map of Luftwaffe radar sites (Stellungen) in north-west Europe (Svejgaard [54]).

In response the Germans widened the band over which FREYA could operate, first to 120 140
MHz then to 120 i 160 MHz, and ultimately even wider. Thus the frequency coverage of
MANDREL had to be increased accordingly. Also, automatic on-off switching of MANDREL was

t
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incorporated to attempt to prevent the enemy from homing on the jammer signal. MANDREL
SCREEN [12, 17] was a more sophisticated implementation of MANDREL, introduced in June
1944 (171 and 199 Squadrons), with pairs of jamming aircraft working together to give full
coverage of the band which by then had widened considerably. MANDREL was only one of a
range of countermeasures; others included JOSTLE (high power jamming of communications),
AIRBORNE CIGAR (spot frequency jamming of VHF communications), PIPERACK (jamming of
Al radar) and CARPET (jamming of WURZBURG) [12].

German scientists developed their own countermeasures and counter-countermeasures, many
of which were ingenious and sophisticated, including intercept receivers for the H2S radar
transmissions of the British bomber aircraft, devices to trigger the Identification Friend or Foe
(IFF) of the bomber aircraft to give away their position (FREYA-FLAMME), as well as devices to
distinguish aircraft from chaff on the basis of Doppler (WURZLAUS, FREYA-LAUS,
WASSERFLOH) and on the basis of the modulation of echoes by aircraft propellors
(NURNBERG) [18].

DIAGRAM SHEWING BOMBER COMMAND LOSS RATE ON GERMAN TARGETS

PERCENTAGE LOSSES ON CERMAN TARGETS BY NIGHT. JAN.1942 ~ APRIL 1945 ARE CALCULATED FOR EACH 3000 SORTIES,
INTRODUCTION OF EACH R.CM.DEVICE AND OTHER IMPORTANT FACTORS AFFECTING THE LOSS RATE ARE SHOWN AT
THE APPROPRIATE DATES.
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Figure 4. Plot of RAF Bomber Command losses in WW?2 (from [17]; also reproduced in [11]).
The horizontal axis is scaled per 3,000 sorties. Also shown are the dates of introduction of
various Allied countermeasures. The losses shows a sharp drop around June 1944, after which
the Germans lost the use of their radar stations in France and Belgium as they were recaptured
by the advancing Allied forces. Also shown (red arrows) are the dates by which the first KH was
operational (December 1943) and by which three KHs were operational (summer 1944).
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Both sides, independently, had developed chaff as a means of generating a large false target
from scattered strips of aluminium foil of length corresponding to half the wavelength of the
victim radar [19]. In the UK much of this work had been done by Joan Curran, who was the only
female scientist at TRE, and a rather remarkable woman®. The scheme was given the
codename WINDOW by A.P. Rowe, the Superintendent of TRE, as a randomly-chosen name
that bore no relation to its true meaning. However, it had been realised that as soon as Window
was deployed, the Germans would find the aluminium strips, immediately understand the
principles and likely use it against Allied radars i which at the time had no counter-
countermeasures against chaff. Churchill therefore did not allow the use of Window until the
bombing raids on Hamburg, 23-27 July 1943 (Operation GOMORRAH). But in fact German
scientists had already discovered the same principle in early 1940 (known as DUPPEL?), and
kept it highly secret on the orders of Goering, for exactly the same reasons. There is also
evidence that it had also been discovered by Japanese scientists (it was known as giman-shi i
literaldy pagperd)lviand used i n Ma-268 hda during a raig
on Guadalcanal [10].

Exercise Post Mortem

POST MORTEM [11, 12] was an exercise carried out by the Royal Air Force in June and July
1945 immediately after the end of WW2 in Europe (8 May 1945), against the German air
defence system in Denmark and Schleswig-Holstein, which had been captured largely intact.
Its purpose was to evaluate the effectiveness of different types and combinations of
countermeasures. The radars, signals interception (Y-Dienst), observer corps, and the
operations rooms, were manned by their German crews, who were surprisingly cooperative and
seemed eager to demonstrate the efficiency of their system 1 particularly the more senior
personnel [12] T although Brown [11] records that the Blitzméadel plotters (equivalent to WAAFS)
in the operations room at Grove were not so cooperative because one of their number had been
assaulted (or at least, propositioned) by a British soldier who was present in the operations
room.

A total of fourteen exercises were planned, of which 11 were flown, with three cancelled due to
bad weather, and the first used no countermeasures as a reference against which to compare
the others. The raids were substantial, with seven of them involving more than 200 heavy
bombers, and were carried out in daylight.

The exercise would have provided a unique opportunity to observe at first hand the German
radars being operated by their crews and to assess the performance of the radars and the air
defence system as a whole. It also showed that the effectiveness of MANDREL, and of Radio
Countermeasures (RCM) in general, were by no means total.

am Ame

% She had studied at Cambridge University in the days before degrees were awarded there to femal@vsictients

would not be till 1948)and she had rowed in the fisto me n6s Boat Race in 1935.

* Diippel was the name of the location, near Berlirthef Telefunken laboratories [R4lt is a coincidence that it

sounds rather | ike the English word o6dipol ebd.
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3. HOW KH WAS DEVELOPED i EARLY EXPERIMENTS

When German radar scientists realised that Allied Radio Countermeasures could seriously
degrade their air defence system, they needed to develop counter-RCM /ECM techniques. The
KH story begins with that finding and their discovery of British Chain Home radars.

Chain Home

Chain Home (CH)f or med t he b ack b defemcemWWR,larel wds K tmaor facitor

in the victory of the Royal Air Force in the Battle of Britain since it helped to ensure that the

limited RAF fighter resources were deployed in the right place at the right time. It had been
developed by scientists and engineers working under Sir Robert Watson-Watt, after the Air
Ministry had been persuaded to fund its development and construction following the success of

the 6Daventry Exper i mdina0p Inonany gpects e wasa@b y 198 5f or c e
approach to radar, making use of existing technology, and using low broadcast frequencies at

HF (201 30 MHz), separate transmit and receive antenna arrays (for isolation) and fixed, broad-
beamwi dotdhl i&fhltcd t r ans mi ta high peakmowera350 kWh later 750 kW) u s e d
pulse of 20 s d u raad ai verynlow (25 or 12.5 Hz) pulse repetition frequency locked to the
frequency of the power grid so that all CH stations were synchronized to avoid mutual
interference. The receive antenna array consisting of stacked orthogonal, half-wave dipoles for

azimuth and elevation angle estimates and null filling, mounted on wooden towers at a height of

215 ft above the ground, with direction- and height-finding performed by a goniometer (Figure 5)

[9, 20, 21].

Despite the relatively basic technology, as a system to deliver an early warning capability CH

was certainly very effective. Neale [21] notes that much of the success of CH was due to the

high | evel of skill of the radar operator si part.i
in contrast to that of the operators of German radars.

Klein Heidelberg

On 2/3 August 1939, one month before the outbreak of WW2, a Graf Zeppelin airship (LZ-130)
with signal interception equipment flew an electronic intelligence-gathering mission up the North
Sea. It observed the Chain Home radar stations and intercepted their transmissions i although
the Germans identified the low frequency and low pulse repetition frequency of these radars as
radio-navigation aids and concluded that the British had no air defence radar capability [11, 20,
22]. But about one year later, in August 1940, the CH sites were identified as surveillance
radars with their quite unique floodlight illumination®. They were then subjected to bombing and

® This fixed beam, floodlight illumination of Chain Home is keythe concept of Klein Heidelberg, since if Chain
Home had used a scanning, directional beam it whalk been necessary for the Kleikleidelbergantenna to
synchronize the pointing direction of its beam to that of Chain Home, which is both ineffictenbmplicated It
was eventually solved by a technique cafpetse chasingwhich requires ultrdast beam switching or scanning [3],
and was far beyond capabilities available in WW?2.
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jamming, though this only lasted for a few months and was largely ineffective [20, 22]. This one
year delay turns out to be a critical factor in assessing the utility of KH in the Kammhuber Line.
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These observations, coupled later with the realisation of the need to devise an early warning
radar that did not suffer from the various Allied countermeasures, led Dipl.-Ing Wé&chter of the
Telefunken company to conclude that it ought to be possible to build a completely passive radar
receiver that used the British Chain Home signals as its illuminating source. Because such a
receiver radiated no signal it would be undetectable by British intercept receivers, and thus be
far less susceptible to jamming or to chaff. Further, even when discovered, the use of jamming
or chaff would have upset the operation of the Chain Home system itself. Figure 6, adapted
from Hof f mahchwas publishedkin 1965 [24], shows the basic principle.

Some information on W8 c ht er 6s background and on the
Trenkle [25]. Apart from this and British intelligence reports, which were highly classified till
their release after a period of 30 years, there is little published information on Klein Heidelberg.

Figure 6. Diagram of the principle of Klein Heidelberg showing a KH receiver at Oostvoorne
using a transmission from a CH radar at Dover. A measurement of the bistatic range Rt + Ry
defines an ellipse on which the target lies (adapted from Hoffmann [24]).

Trenkle provides the following historical perspective. The basic scheme was developed by
Telefunken in 1942 in co-operation with the Central Research Establishment of the RPZ®. A
number of research models were tried, for example near Cherbourg in 1942/43. Reference [6]
describes some preliminary trials at t he

Couple between Calais and Boulogne’. The trials station had a primitive D/F (Direction Finding)

® ReichspostzentralaniGerman Post Office).

I ni ti

j ammer

" Bauernotesthat thissite also housed the main jammieguipment usedgainst British radars during the decisive

Channel Dash of 12 February 1942 (Operation CERBERUS) in which the German battlealsamshorst

Gneisenawand the heavy cruisérinz Eugerescaped from therEnch port of Brest through the English Channel to

their home base in Germany.
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array using just two dipoles, but a larger antenna (with higher gain and higher directivity) was
then developed for the full system.

Figure 6 and the brief paragraphs by Hoffmann [24], Trenkle [25] and Price [8] represent the
available information about KH up to 1980. Furthermore, a detailed and comprehensive 1978
description of the German night fighter force in WW2 [18] makes no mention of KH. So up to
this time it had generated virtually no interest in the air defence community, and only passing
interest in the (more limited) bistatic radar community.

The state of KH information significantly expanded starting in the mid 1990s and continuing into
the 21st Century. Specifically, Goebel [10], Brown [11], Svejgaard [26], and a number of WW2
British intelligence reports, most notably the reports in late 1944 of the interrogation of two
German KH operators [4, 5], shed new light on KH equipment, operation, performance and
deployment, including photographs and drawings. We now know that six KH sites were
deployed along the coast of France, Belgium and The Netherlands, and that their detection
range could exceed 300 km, sometimes 400 km. The following paragraphs summarize this new
information.

d
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Figure 7. Map showing the locations of the six Klein Heidelberg Stellungen (Svejgaard [26]).
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Figure 8. The Klein Heidelberg at TAUSENDFUSSLER (Cherbourg). In this installation the

Wassermann-S antenna was retained on the rear side of the KH array. In both pictures, but

particularly the lower one, substantial damage is evident to the antenna, the tower and the
bunker (Conseil Régional de Basse-Normandie / US National Archives).
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Figure 9. The second Klein Heidelberg, at BIBER (Oostvoorne). In this installation the
Wassermann-S antenna is absent. The lower picture shows an expanded view in which the
dipole elements and the wire mesh reflector are visible (© Jeroen Rijpsma).
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The first Klein Heidelberg system was established at Boulogne (Stellung BULLDOGGE) by a
detachment of the Luftwaffe Air Signals Experimental Regiment and was operational towards
the end of 1943. With this system, Allied aircraft could be detected when still over England, and
could be followed all the way to Germany [6]. As a result a second system was then
established at Oostvoorne in the Netherlands (BIBER), becoming operational in Spring of 1944,
and then subsequently four more at Vaudricourt (SKORPION), Oostende in Belgium
( BREMSE) , Cap doAntifer ( A TEUSENDAMSSLER).n dFigur€ iver b o ur ¢
shows the locations of these Stellungen. In each case the antenna was mounted on the tower
of a WASSERMANN-S radar (Figure 8), and made use of the L480 bunker of the
WASSERMANN, though in at least two cases (BIBER and SKORPION) the WASSERMANN
antenna was absent (Figure 9). Figure 10 shows a plan view of the L480 bunker, in this case
from Stellung BIBER [27].

Figure 11 shows an aerial photograph (exact date unknown) of the area around the first KH, at

Boulogne. The feature at the right-hand corner of the picture is the Colonne de la Grande

Armée: a monument to Napoleon which might be considered to be a counterpartt o Nel sonéds
Column in Trafalgar Square in the centre of London. Figure 12 shows a sketch of the location

of the KH antenna with respect to the monument, and it can be seen that in Figure 11 there is a
conspicuous, slender shadow at this location. However, the shadow seems too thin to be that

of the WASSERMANN or KH antenna, so is perhaps most likely to be the shadow of the
WASSERMANNS-S tower without any antennas. Figure 13 shows an aerial photograph of the

L480 bunker of the TAUSENDFUSSLER (Cherbourg) KH.

Figure 10. Plan of the L480 bunker type that housed the Klein Heidelberg radar (this example is
from Stellung BIBER). The antenna was located over the cross on the left-hand side (from
Radarstellung BIBER: Kustverdediging op Voorne 1940 i 1945, Jeroen Rijpsma and Klaas van
Brakel, 2005).
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L480 bunker

Figure 11. Wartime aerial reconnaissance photograph of the area around the BULLDOGGE
(Boulogne) KH. The Napoleon Monument is clearly visible to the right of the picture, and a
shadow just to the south-west of that which is probably the Wassermann-S tower, though

without antenna arrays (picture from Alain Chazette).

Figure 12. Sketch showing the location of the KH at BULLDOGGE (Boulogne) with respect to
the Napoleon Monument (picture from Alain Chazette).
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