





Preface

During the First World- War, 1914-1918, the function of the signals services
of the Royal Flying Corps and the Royal Air Force was that which the word
implied—the provision and maintenance of telecommunications.* In the
period between the two world wars the art of wireless direction-finding
developed, and Signals became responsible for radio aids to air navigation.
Puring the Second World War the employment of new radio techniques enlarged
still further the province of Royal Air Force Signals until communications were
eventually only one of the many distinct yet interwoven commitments in the
sphere of electronics. Amongst them was that of radio counter-measures.

The Second World War demonstrated amply that the use of radio by the air
force of one belligerent could often be neutralised, or in some instances turned to
some disadvantage by the employment of an appropriate radio counter-
operation by the other. Sometimes a further process followed in which a radio
means of combating the first counter-measure was evolved, leading to a pro-
longed battle of scientific and technical wits on both sides, to which the term
“radio warfare” has been applied. The operations have been known
individually as radio counter-measures.?

- Part I of this volume gives an account of defensive counter-measures—those

' put into effect primarily to assist in the air defence of the United Kingdom in

conjunction with Fighter Command. In this phase of the narrative, radio
counter-measures grow from small beginnings to the status of a distinct depart-
ment of Signals. The evolution of offensive radio counter-measures—those
uwsed in support of the air offensive against Germany, mainly by Bomber
Command, forms the subject of Part II of the narrative. Then follows in
Part III an account of radio counter-measures in a few of the important Allied
landings in enemy-occupied territory, involving all arms, and commonly
termed ‘‘ Combined Operations ”’. These were an occasion for the planned
exploitation of certain radio counter-measure techniques under special
circumstances, and are accordingly thought worthy of separate treatment.

This volume is devoted largely to the activities of No. 80 Wing and No. 100
Group in association with Fighter Command and Bomber Command, but it by
no means exhausts the story of radio counter-measures. In the maritime
theatre the aircraft of Coastal Command found themselves dependent to some
extent on A.S.V. radar equipment in their search for U-boats. It was therefore
the Germans who primarily sought to neutralise the advantages of radio in this

sphere, with the Royal Air Force endeavouring to retain its advantage. An

-

T = ——_

account of the radio war in Coastal Command will be found in Volume VI,
Radio in Maritime Warfare, where by -reason of its connexion with anti-U-boat
tactics and the developments in A.S.V. equlpment it is more appropriately
placed

1 ’[here were isolated mstances of wireless jamming, such as against Naval vessels in the
Battle of Jutland and against German Zeppelins.

" 2 Radio operations and counter-measures were of such wide scope that inevitably, large
numbers of code words were introduced. A glossary of these terms is given at Appendix
No. 18,
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CHAPTER 2

RADIO COUNTER-MEASURES,
SEPTEMBER 1940 TO MAY 1941

Formation of No. 80 Wing

The decision having been taken by Air Ministry that the control of radio
eounter-measures should be undertaken by an organisation other than Head-
quarters, Fighter Command, arrangements were made for the establishment of
No. 80 (Signals) Wing to act under the direct operational control of Air Ministry.
After a transitional period at *“ Radium " (alternative Headquarters, Fighter
€ommand), No. 80 Wing opened at Aldenham Lodge Hotel, Radlett, Hert-
fordshire, on 14 October 1940. This location was chosen by reason ol its
proximity to the main London-Birmingham G.P.O. trunk cable which
facilitated considerably the difficult problem of communications to many remote
outstations. It was also within easy access of Air Ministry and of Headquarters,
Fighter Command at Stanmore. The establishment included a Central
Operations Room which received reports from \Watcher Stations, Intelligence,
and other sources, and issued operational instructions to the various types of
jammer outstations.! IIeadquarters, No. 80 Wing worked throughout in close
go-operation with Headquarters, Fighter Command by means of liaison ofticers
who, in addition to Home Security duties (closing down of B.B.C. stations
and other M.F. transmitters), were responsible for keeping Hecadquarters,
No. 80 Wing informed by telephone of movements of enemy aircraft during their
jttacks on this country. This was done by passing a running commentary of
the information available in the Operations Room at Ifighter Command.?

{ By September 1940 the Germans had developed the narrow beam Knickebein
system by the installation of additional transmitters on the north coast of
- France, making a total of five stations, and had used these during attacks on
this country. Preliminary radio counter-measures had been taken against
them but it was soon realised that considerable expansion of these counter-
measures was necessary to meet the new threat. A scheme to reduce the value
pf the enemy medium frequency beacon system as a navigational aid had also
been instituted and was in process of development.

_ The phase from September 1940 to May 1941 covers the period of greatest
intensity of enemy night attacks on the United Kingdom, decreasing only
~ when a considerable portion of the German Air Force was transferred to the
Eastern Front for the attack on Russia during mid-1941. During this phase
several additional radio navigational aids werc brought into operation by the
enemy. These included two new narrow beam systems employing the “ X7
Gerdt and Y 77 Gerdt which were capable of being used for blind bombing of
individual targets, the accuracy being very much greater than that possible
with the Kuickebein system. More Knickebein installations were erected, so
sited as to increase the area of the United Kingdom over which good beam

'_' ! The Operations Room organisation, layout and procedure are described in Appendix
1No. 4.
¢+ *Details of the work undertaken by these oflicers are given in Appendices Nos. 6 and 7.
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Seheol, Portsmouth to cover the frequency band with alternative audio
modulation frequencies, since the enemy signal had been variously reported
as-900 to 1,000 and 1,500 cycles per second. This transmitter was keyed at
120 per minute—the rate of the enemy signal.

Installation of Bromide Transmitters

The transmitters used for this counter-measure were known by the code
mame Bromide. The first of these—the converted G.L. transmitter—was
installed at Hagley near Birmingham, and the R.N. Signal School transmitter
was sited on high ground at Birdlip in Gloucestershire. The sites were choesen
to cover the approach route from Cherbourg to the Midlands, this area having
been subjected to attacks by enemy aircraft using the new radio beam system.
Both transmitters were brought into operation during the first week of
November 1940.

A supply of Gun-Laying pulse transmitters was obtained from the War
Office and their installation was carried out with the utmost speed immediately
they were delivered by the firm making the modifications. The number of
jammers covering the Midlands was augmented, while other jammers to
protect Liverpool and Manchester were provided by the middle of November.
This was followed by the installation of transmitters to screen London. In
all cases the jamming transmitters were sited to be adjacent to the line from
Cherbourg to the target areas since it had been established that the Cherbourg
beam was always used for the approach to the target. It had not been expected,
however, that in the early stage the jammers would have any marked cffect
owing to the number of frequencies used simultancously by the enemy in this
system and the limited number of jammers available; also the personnel
available for operating the jammers were unskilled in the handling of the
complicated equipment with the precision and speed necessary for its efficient
use. The monitoring of the jammers to ensure that these were on the exact
frequency of the enemy signal also proved to be a difficult problem.

Capture of Crew from the German Squadron /7 K.G.100

A fortunate incident in mid-November, 1940 resulted in the capture of a
crew, less the Observer who was killed in the crash, from an aircraft of the
specialist German ‘‘ pathfinder ”” Unit I KG.100, which alone at that time
used the “ X *’ Gerit system. This capture was' the direct result of one of
No. 80 Wing’s counter-measures, the meaconing of enemy beacons. The
Navigator stated that he was completely lost owing to wide divergence in
readings between his master compass and D.T. repeater compass.* This
difference he concluded later, quite correctly, was due to a masking station
reproducing the characteristic signal of the German Air Force M.F. beacon
which he had been using.

A fairly comprehensive description of the apparatus and the method of its
wuse was obtained from the crew, but efforts to salve the aircraft, which had
come down in the sea, were unavailing.? Later several pieces of apparatus
" connected with the “ X’ Gerdit were fortunately recovered. These included
two receivers and a ‘‘ clock ”’ for computing the ground speed. In spite of

1A.D.1. (K) Report No. 908/40.
2 No. 80 Wing Report No. 1, 8 December 1940, Appendix * A.”
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hoyrever, that they were experiencing considerable difficulty in obtaining spares
for Ruffian equipment. It was to be expected therefore that bombing attacks
resulting in even minor damage to the transmitters would cause considerable
embarrassment and interfere to a large extent with the use of the Ruffian
system.

In November 1940 it was decided to begin offensive action against the
beam transmitters in the Cherbourg area. Attacks were to be carried out by
aircraft of the Wireless Intelligence and Development Unit (later No. 109
Squadron) which had been engaged for some weeks on the investigation of the
Ruffian system. Close collaboration was maintained with the Telecommuni-
cations Research Establishment (T.R.E.) on the production of a suitable
technique for attacking, and the following methods were proposed as
practicable :—*

(a) Use of eneiny beam for direction, and the cone of silence for range.

(b) Use of enemy beam for direction in conjunction with a landmark to
fix range.

(¢) Use of two beams in conjunction with marker bombs to given an aiming
point.

(@) Use of enemy beam for direction, with C.H.L. Station for range.

(¢) Use of C.H.L. Station for direction and range.

(f) Use of a Royal Air Force radio beam for direction and C.H.L. for range.

(&)

¢) Use of a Royal Air Force radio beam for range and German beam for
direction.

(7) Use of two Royal Air I'orce beams,

It was realised that attacks could only be sustained by adopting a wide
variety of methods of approach since each of the courses noted above had certain
inherent limitations, e.g. i —

(a) The use of the enemy beam for line or range could be easily countered
by local jamming or by the temporary switching off of the trans-
missions.

(b) Beams set up from this country were susceptible to enemy jamming,
and attacks dependent upon fixing a position from the ground must
pre-suppose favourable weather conditions.

Clearly no method could be relied upon exclusively, so that it was decided to
proceed with the development of each scheme individually, and to begin with
methods () and (b) mentioned above.

Use of Enemy Beam in Conjunction with Cone of Silence

The pilot was to fly down the enemy beam until he heard the cone of silence
which was assumed to be vertically over the target. Thereafter he turned at a
known rate until flying on a reciprocal course and parallel to the beam for a
certain time. He then turned again at a known rate through 180°, flew down
the beam and released his stick of bombs at a calculated time.

~ Use of Enemy Beam for Direction in Conjunction with Landmarks to fix Range

The pilot approached along the enemy beam, identified some definite land-
mark lying along the line of approach, and calculated his range from there to

1 No. 80 Wing File $.3018/1/Sigs., Encl. 13a.
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Benito and the ‘Y ** Gerdit
New signals with a curious dash characteristic were heard during November
1840 in the 40 megacycles per second frequency band.!

Investigation of these signals by ground and air observations showed that the
rate of ““ keying "’ was 180 per minute, which was much higher than that con-
nected with Knickebein or Ruffian beams, and that there appeared to be two
sources in Northern France, one in the Poix area. It was also observed that
messages were being passed to aircraft by radio telephony on frequencies in the
sa 1e band.?  One such message instructed an aircraft to drop its bombs as the
weather was getting bad. It also added, ‘“ We are accompanying you " and
“ Follow the beam from the emergency aerodrome.” Messages on another
occasion stated that the beam was being turned and continued : ** Turn round
and make a new approach ’—and ‘‘ Measurements impossible, carry out task
onyour own.”” A bearing taken on the beam signals at the time of the messages
gave a line through Poix near Amiens. Later the “ Y’ service heard two
signals on different frequencies in the same band with the same modulation
frequency which appeared to be interlocked, one of these being from an aircraft.
[t was apparent that this could only have been achieved by one station relaying
the modulation of the other. The data obtained from observations gave direct
support to Air Scientific Intelligence reports issued on 17 July 1940 and on
12 January 1941 that the Germans were developing a system known as
Wotan for making a distance measurement along a beam, which involved a
measurement of phase angle between outgoing and incoming modulations, and
that this system had been used {for bombing.?

Preliminary Analysis of Benito

In the first weeks of January 1941 considerable progress was made in the
investigation?® of the new system to which the code name Benito had been given,
but the working principles employed in the system had not yet been fully
established. The accuracy of the range measurement had been determined to
be of the order of 90 yards; no figure had been arrived at for the accuracy of
the azimuth as the details of the beam were not known. It was evident that
the beam differed from that used in the Knickebein and Ruffian systems since all
reports had stated that the signal changed from dots to dashes or vice versa
without passing through an equi-signal. It had been established that Benito
systems had been set up at Cassel, 15 miles south of Dunkirk, at Beaumont in the
Cherbourg Peninsula and in the Poix area near Amiens. It had also been
determined that bombing attacks had been carried out by the German Air I'orce
Unit I1 K.G.26, which was stationed at Poix, and that this squadron was
similar to 7 K.G.100 which had specialised in the use of the Ruffian system
for its attacks.

Counter-measures—Domino

* Inview of the high degree of accuracy which could be obtained by the ranging

system it was decided that the first counter-measures should operate against

this. The type of counter-measure designed by the Telecommunications
- Research Establishment (T.R.E.) was a form of Meacon in which the enemy

! Appendix No. 9. 2 No. 80 Wing Monthly Reports Nos. 13 and 14.
3A.5.1. Reports Nos. 7 and 10.
4+ Telecommunications Rescarch Establishment Report (R.C.M. Section) No. 5/2.
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Coincident with the operational use of the threatening Knickebein system
already described, this expansion of Benito stations had attained such
proportions by March/April 1943, that a re-organisation both in disposition
and in method of employment of existing Royal Air Force jammers had to
be considered. An examination of the situation revealed the fact that at
least fourteen further Domino installations would be required to provide
adequate cover should this counter-measurc be adopted. A Domino station
consisted of much complicated equipment requiring specially trained and °
experienced crews. Neither the equipment nor the crews could be made
available in time ; consequently at an Air Ministry meeting held in May,? it
was decided to adopt a programme of crude jamming of tlte Benito communi-
cation channels only, and to utilise for this purpose existing transmitters.

This decision came at the time when there were numerous other potential
calls on the jammer strength of No. 80 Wing, namely, Knickebern, Windjammer,
Benjamin, Cigar,? Cigarette, and necessitated a complete change in jamming
policy. In the past, jammers had been allocated to specific targets, but it
now became necessary to re-allocate them to provide ‘“ area jamming.” Under
the eriginal scheme a number of transmitters had been located in the vicinity
of each of the main vulnerable targets and were brought into operation whenever
an attack appeared to be about to develop on the target concerned. The new
policy provided for one suitably-located transmitter of sufficient power to

- deal with each of the enemy transmitters, whether for communication or beam
radiation. In the case of range communication jamming, a signal consisting
of scrambled morse was employed, a Marconi-Stille tape reproducer being used
for the purpose. For beam interference a slightly lower standard of jamming

-had to be accepted in that, whereas in the past it had been the aim completely
to obliterate all signals, it was now possible only to render unusable the actual
beam. '

The redistribution of transmitters with, in many instances, the erection of
105 feet towers supporting cage acrials (designed to ensure distribution of the
maximum possible power over the desired area) was put into effect. The
movement of transmitters and a re-organisation of the Operations Room
control was completed rapidly, but the last of the 24 towers was not finally
erected until the spring of 1944.

A change in Benito procedure was learned from the crew of a single aircraft
which was shot down in May 1943 when attempting an attack on London.?
In order to avoid counter-measures this crew had been briefed to fly by dead
reckoning on a time schedule to a nominated point on the English coast where
the coastline was crossed by the beam. At this time the beam was scheduled
to commence operation to be followed five minutes later by the ranging trans-
mission. It was evident from this close timing, apart from verifications
subsequently obtained from later prisoners of war, that Benito counter-
measures were achieving results. It is of interest that a clock, similar to the
“X " Gerdt clock, was found in this aircraft.

During ‘the first few months of the period under review, Benito activity
consisted only of training and testing transmissions, and it was not until
7/8 February 1943 that any enemy signals could be linked with possible

! Minutes of Air Ministry Meeting (D. of Tels.), 4 May 1943,
2 Part 2, Chapter 8. 3 A.D.I. (K) Report No. 263/43.
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main jammer was monitored on to the enemy signal. The information was
passed immediately to the Controller who could then order to be switched on
the second line transmitters which had in the interim been lined up and were
standing by.

With the passing of the Ruffian system, all available jammers were evenly
distributed over the Kwnickebein and Benito frequency bands, Speed was
becoming an ever-increasing necessity because the enemy, to avoid counter-
measures, now delayed radiation of navigational beams until the aircraft were
approaching the British coast. To avoid the delay caused by effecting major
changes in transmitter tuning, each transmitter was allotted a *‘ basic”
frequency to which, pending operational instructions, it was permanently
tuned. A map showing all jamming sites with the frequencies allotted to the
different transmitters was displayed and by reference to this the Controller was
enabled to select, at the site most suitable for first line cover, the transmitter
nearest in frequency to the enemy signal.



CHAPTER 5

RADIO COUNTER-MEASURES,
SEPTEMBER 1943 TO JUNE 1944

German air activity and use of long-range bombing and navigational aids
showed a steady decrease during the spring and sunmumer ol 1943, and attacks
were confined almost entirely to fighter-bomber activity on a small scale.
September, however, saw an increase in the number and weight of attacks,
which continued throughout the autummn. It became apparent also that the
enemy had Jearnt many lessons from the Allied bomber offensive. Moderate
tse was made of Duppel (Window),! and airborne rear-warning radar was
introduced for the first time.

By the beginning of 1944, large-scale attacks by as many as 130 aircralt were

being made against London and the South-East Counties, and a new and
glaborate Luflticaffe pathfinder technique involving the use of a specialist squadron
{K.G.66) of Benito, Hyperbel (British Gee), and the new Igon procedure was
inoperation. ‘T'he bombing began to the accompaniment of extravagant claims
by the enemy as to the strength and effectiveness of his bombing force. Targets
in London were described by the names of heavily bombed German towns, and
these " large-scale ”” reprisal attacks were to be sustained and cxtended.
Exaggerated claims were also made for the accuracy of the new pathfinder
technique, whereas the pathfinder aircraft were responsible for misleading the
main bomber force on numerous occasions.?  Results compared unfavourably
with those obtained during the heavy raids in 1941, and although for some time
the German Air Stafl apparently refused to be convinced, Luflwafe pilots
captured during April indicated that the pathfinders were becoming suspect,
and eftorts were being made to check their performance.
- Attacks on British ports, coastal areas and shipping absorbed practically all
the enemy’s main effort during April and May. Small-scale intruder activity
occurred during June, but with the launching of the Allied invasion of North-
West Europe and the introduction by the enemy of pilot-less bombing, German
aircraft attacks ceased completely.

German Attempts to Evade Counter-Measures against Knickebein

A great increase in Knickebern activity was observed during this period, and,
in addition to transmissions which coincided with enemy night operations,
considerable day-time activity occurred. During the day-time transmissions
an attempt was made to mask the aligning of the beams by simultaneous
transmissions, on a common {requency, by two Knickebeine.

The efficacy of the Aspirin counter-measures against this enemy navigational
aid, the use of which continued throughout the whole period under review, was

PGerman jamming counter-measures against Allied early-warning radar are narrated
more fully in Volume 1V. On the whole they did not compare in intensity with Allied
jamming of German carly-warning, although there were localised incidents of thorough
jamming by the cnemy.

2 A W. A, Report BC/35 of 18 April 1945.
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(b) An alternative to continuous barrage jamming was monitored spot
jamming. This was rejected mainly because of the inevitable
delay in finding the signal (on a frequency which could not be pre-
determined) and applying a jamming transmission in time. This
delay would probably have exceeded that associated with meaconing,
and in any event would have given the enemy an initial opportunity
to receive the signal, to time it and probably take snap bearings for
a fix. This therefore had no advantage over meaconing, and had
the disadvantages of requiring extra effort and causing interference
to Allied signals services in general and to the Ditchling search for
flying bomb signals in particulac.

(¢) To confuse the enemy in taking bearings on flying bomb signals, by
transmitting bogus similar signals on adjacent frequencies.

(d) To prevent the enemy from observing the end of a transmission and
thereby determining time of flight, by transmitting a copy of the
bomb signal to continue after the true signal ceased.

The last two proposals required the production of some form of record
resembling the enemy signal against which it was proposed to apply the
cointer-measure, since the flying bomb signals were distinctive in sound and
included a characteristic morse letter which (like its exact repetition rate and
signal frequency) was obviously not determinable in advance. There was
no technical difficulty. in making such a recording but immediate play-back at
any desired point was a different problem, and this had not been overcome
by the time when it became apparent that only negligible use was being made
of radio.

R.CM. against Aircraft Launching Flying Bombs

Since there was no evidence that air-launched flying bombs carried a wireless
transmitter there was no occasion for the use of counter-measures employed
against ground launched ones. Flights were made by No. 192 Squadron to
determine if any V.H.F. navigational aids were in use to assist these aircraft
in’ reaching the launching area, but with negative results!  Reports
indicated, however, that use was probably being made of certain low-power
enemy beacons inland and on the coast, whose activity appeared to coincide
with attacks by flying bombs. In this connection it is interesting to
observe that K.G. 53 appear to have been so regular in their use of M.E.
beacons that flying bomb attacks were predictable with a very fair degree of
accuracy, and with anything up to two or three hours notice, by careful
- observation of activity of certain beacons in North-West Germany, Holland
and Denmark.

Meaconing was employed as a counter-measure against this possible aid, and
" on these occasions when the signal strength was insufficient to permit effective
meaconing, use was made of Mimic. This was effected by causing the
meacon transmitter to self-oscillate, by “ squealing in ”’ this transmission to
the frequency of the enemy signal and hand-keying the enemy callsign. This
arrangement enabled the full power of the meacon transmitter to be employed
- with a corresponding increase in range. As a safeguard against the Mimics
being plotted for use as beacons, these were in- turn meaconed by suitably
located transmitters.

* Cheadle Reports CL/S. 101/32/M.3.
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(b) A receiver working on about 52 megacycles per second associated with
a complex filter system and a procession of switches and relays by
which signals modulated in a complicated way might operate various
controls in the rocket (such as fuel supplies and/or directional control
surfaces). "

[t will be seen that the arrangements for transmission in the 19-25 megacycles
per second frequency band required modification to be of use against the
receiver-transmitter found in the operational rockets. It was moreover doubtful,
at first sight, what type of jamming would be required to be effective against the
32 megacycles per second receiver.

Some R.C.M. transmissions were made during the period 8-15 September
when Rocket warnings were received, of which some were followed by incidents
-and some were not.! These transmissions were all in the 52 megacycles
per second region and were very brief, usually about five seconds, their specula-
tive aim being to interfere if possible with the fuel supply control of the rocket.
(n 15 September, all ground-controlled R.C.M. transmissions were stopped in
order to avoid the risk of interfering with the search for Rocket signals although,
so far as is known, none was identified. It was later reported that after about
the middle of October the use of radio control was discontinued in favour of the
“integrating accelerometer.”. As a result authority was.given by the Air
Ministry for the cancellation of the “ Big Ben’’ jamming organisation in
the U.K.2

When it appeared that the rocket campaign might continue during the winter,
arrangements were made to send a R.C.M. formation to operate on the Continent
in conjunction with No. 105 Mobile Air Reporting Unit (M.A.R.U.), which
subsequently became No. 33 Wing, under SH.A.E.F. For this purpose a

Headquarters, three Special Receiver Units and two Transmitter Units were
sent to operate in Belgium and Northern Holland. This formation was based at
Wenduine on the coast north-east of Ostend. The R.C.M. unit worked in con-
junction with No. 365 Wireless Unit which was supplied by the “Y * Service.
Since no signals were positively identified, transmission was not made, but the
equipment was later used for bomber support counter-measures. In general,

~ despite the enormous effort expended in the installation of the R.C.M. stations,
he effectiveness of “ Big Ben’’ counter-measures was never determined. This
was entirely due to the fact that although certain signals were intercepted at
the time of rocket incidents none was positively identified.

Intruder Activity

A brief recrudescence of intruder activity occurred during March 1945, the
main targets being Allied airfields, built-up areas, and road and rail transport in
Yorkshire and Lincolnshire. The majority of these attacks were by machine-
gun and cannon fire and a total of 110 enemy aircraft made landfall, in the
majority of cases under cover of returning friendly bombers. There was no
evidence of the use of the accepted long-range bombing and navigational aid
systems during any of these attacks, but since the intruder aircraft approached
under cover of returning Allied bombers it was suspected that extensive use
would be made of the enemy A.L. (S.N.2-—FuGe220)® in order to locate and
follow the bomber stream. It was also expected that Neptun (FuGe216) would
be used for rearward warning.

! No. 80 Wing File T.S. 3063/7/Sigs., Encl. 6a.

* A M. letter Tels. 2/S.195/2 of 15 December 1944.
3 Part 2, Chapters 12 and 15, of this volume.
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|operate without it. It was believed that the Freya might be used as a standby
interception system, although some theorists held that it was used to direct the
'narrow beam Warzburgs in the direction of their target. In September 1942
an Intelligence source of information described a hut in which the plotting of
|aircraft and control of fighters was carried out, and shortly afterwards similar
‘huts were identified at those points included on the map as Abfeilung
| Headquarters.

| " Information from various sources grew, and by the end of 1942 A.D.I.
(Science) was able to publish a detailed report of the German Night Fighter
| Control System.! This report described a German G.C.I. station and showed
| how the stations were deployed along a line of ““ boxes’ 70-100 kilometres
wide stretching from Schleswig Holstein almost to the L'ranco-Swiss frontier.
:This report proved surprisingly accurate; statements obtained after the
rend of hostilities in North-West Europe from prisoners-of-war who were
intimately connected with the German air defence system gave ample
| corroboration.?

Early Offensive Counter-Measure Policy

| No definite jamming policy had been formulated during the years before the
war. The matter had been raised, but the general view held was that jamring
would probably be a two-edged weapon. Such consideration as had been given
to this problem had been confined mainly to the possible jamming of communi-
cation channels. So limited an outlook was not entirely unexpected, for few
could have envisaged all the radio devices of modern war which were eventually

l.to be employed and the vast ficld unfolded for the application of counter-

measures.

As knowledge of enemy radio aids both offensive and defensive grew, the
question of counter-measures recurred, necessitating an urgent and immediate
investigation as to how best the effectiveness of the various enemy systems
could be reduced. Each counter-measure to be proposed caused various
authorities to express the fear that repercussions would follow, probably greatly
“to our disadvantage. However, the operational advantages were [ully realised,
not only by the Air Ministry air and signals staffs but by the respective Royal
Air Force commands, with the result that the risk of repercussions was eventually
accepted.

At a meeting of the R.D.T*. Policy Sub-committee on 16 September 1941 it
was suggested by the Director of Signals that some measure of co-ordination of
radio counter-measures was necessary.®> The R.C.M. Committee, over which he
presided, dealt with, ¢nler alia, counter-measures against enemy navigational
alds. These counter-measures were in the main the concern of the Royal Air
Force, although both naval and army representatives were in the habit of
attending mceetings of the R.C.M. Committee.

The “ X" Committee of the W/T Board dealt with the jamming of enemy
communications. This was mainly the concern of the army, although repre-
sentatives ol the Admiralty and Air Ministry usually attended its meetings.
The Admiralty had arranged for the jamming of certain enemy fire control

1 AS.1. Report No. 1 of 29 December 1942.

* A summary of statements obtained from prisoners-of-war after the end of the European
conflict is given in Appendix No. 14.

3 R.D.F. Policy Sub-Committee Meeting, 16 September 1941.
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RD.F. which had been jammed (the Scharnhorst and Gneisenau incident) and
that retaliation was impossible owing to lack of equipment.

In his reply, the Director of Signals referred to the limited resources for
development work and asked the Air Officer Commanding-in-Chief for his views
agto the priority which should be allotted to the various R.C.M. projects.t
With regard to interfering with communications, the Director of Signals pointed
sut'that the broadcast of R.D.T. plots provided us with very valuable information
and the desirability of jamming was very questionable. He referred to a paper
en' the jamming of enemy High Frequency (IL.F.) radio telephony (R/T)
which argued that the wide frequency band and the large number of R/T
channels used by the enemy would make such jamming extremely difficult,
whereas Royal Air Force Very High Frequency (V.H.F.) R/T, with its com-
paratively narrow band, could easily be jammed by barrage jammers and that
it was therefore in our interests to avoid starting a jamming war on
communications.

The Air Officer Commanding-in-Chief, Fighter Command then submitted his
requirement for the spoofing and jamming of the enemy early warning system,
and agreed that communications jamming was undesirable.? As a result, the
priority given to the development of spoofing equipment which was given
the code name Moonshine, and of jamming equipment which was given the
code name Mandrel, was raised. The Air Officer Commanding-in-Chief asked
that both counter-measures should be ready for operation by the middle of
June 1942.

“Moonshine ”’

The idea of this device originated in July 1941, when a Raid Analysis made
by No. 11 Group showed that a Blenheim aircraft when flying over the North
Sea engaged in calibrating our radar stations had created a large fighter reaction
in the Lille/Courtrai area.? It was thought that this was brought about by the
equipment carried for calibration purposes—a form of I.F.F. which received
the enemy R.D.F. pulse and re-radiated it at greater power than would have
accurred if the pulse had been reflected by the aircraft. The operational value
of being able to produce spurious responses in the enemy’s equipment was
realised by Headquarters, No. 11 Group, and although further attempts to
produce a similar enemy reaction by using the calibration Blenheim were

- unsuccessful, the development of special apparatus for the purpose was proposed.

* The proposal was considered at a meeting of the Air Interception Committee
in August 1941 and the Director of Communications Development was
requested to examine the problem.* In October 1941 T.R.E., in a report on
counter-measures against the enemy’s early warning system, stated that it
would be possible to develop a suitable I.I'.F. set whose re-radiation could be
varied to produce the desired effect on the enemy’s R.D.I'. equipment. A
laboratory model was made early in 1942 and in April T.R.E. was able to report
to the R.C.M. Board that experiments against our own 200 megacycles per
second R.D.F. had been successful, and proposed that the equipment should be
. tested on ‘the enemy frequency of 125 megacycles per second.® A C.H.L.

LAM. File R.C,M. 155, Encl. 19a and Fighter Command File FC/S.28012, dated

20 March, 1942.
* [bid, Encl. 33a. 3 A.M. File R.C.M. 121/II, Encl. 53a.
{AM. File R.C.M. 119, Encl. 4a. 5 A M. File R.C.M. 121, Encls. 3a and 10a.
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were not yet available for use against the enemy’s anti-aircraft gun control and
6.CL, it was believed that the I.F.F. set suitably modified would cause som
interference. -

A meeting, presided over by the Senior Air Staff Officer, Bomber Command,
and attended by Sir Henry Tizard, the Director of Bomber Operations, the
Director of Signals, the Chief Signals Officer and a representative of the
Operational Research Section of Bomber Command, was held at Headquarters,
Bomber Command, on 8 October 1942.) The following recommendations were

- made \—

() Increased advantage should be taken of the interference caused to
German R.D.F. by L.F.F. by the immediate use of sets which had been
specially modified to “ squitter ’’ continuously on the intermediate
frequency of the enemy 53-centimetre R.D.F.

() Mandrel should be installed in bomber aircraft for jamming the Freyas
which at that time were believed to be used in the G.C.l. operation
for directing the narrow beam Wurzburgs on to the aircraft in the
early stages of an interception.

(¢) The ground Mandrel stations of No. 80 Wing, and the airborne Mandrel
of Fighter Command, should be used to reduce the enemy early
warning cover.

These recommendations were approved by Air Ministry on 19 October 1942.2 -

The use of Moonshine was also considered as a means of drawing enemy
fighters away from the bomber route.®? It was decided not to do this, however,
as Moonshine gave the impression of a large formation of aircraft rather than a
stream of bombers and was therefore unlikely to mislead the enemy. Moreover,
the operations of Moonshine aircraft in formation at night would have been
difficult and hazardous. 5

‘ Shiver »
The modification to I.F.F., Mark II, to make it squitter continuously has .
already been described.* It was decided not to make immediate use of it, but
arrangements were made for the manufacture of 1,000 modification kits, so
that the modification could be put into use without delay if the need arose. In
September 1942 it was decided that 200 of the kits should be used for modifying
LF.F. sets for installation and operational trial in aircraft of No. 1 Group. The
sets were completed by the end of September® and arrangements were made for
them to be used on 7 October, after the meeting on R.C.M. held at Bomber
.Command on 6 October referred to previously. The modification was first
‘known in Bomber-Command as Monkey, but this code word was subsequently
changed to Shiver.®

When the introduction of Mark III I.F.F. was proposed, a decision had to be
. made whether Shiver should be abandoned or whether arrangements should be
made for it to be carried in addition to the new type of IL.I'.¥. In February
1943, therefore, Bomber Command carried out an investigation to determine the
value of Shiver. A precise assessment of results was complicated by the fact

3 AM. File C.S. 11472, Encl. 27a.

: AM. File C.S. 11472/ACAS (Ops.), dated 19 October 1942, Encl. 41a,

3 Fighter Command File FC/5.30732, Encl. 48a, 2 November 1942 and AM. File

C.S. 11472/ACAS (Ops.), Encl. 494, 4 November 1942. 4 AM. File 5.7084, Encl. 18a.
s Ibid., Encls. 214, 34a and 42a. & Ibid., Encls. 74a and 35a.

81







CHAPTER 8

THE DEVELOPMENT AND APPLICATION OF R.C.M.
FOR BOMBER SUPPORT FROM OCTOBER 1942 TO
AUGUST 1943

Twsel

Consideration by the Director of Signals' of possible methods of jamming
enemy night-fighter R/T brought forth, in October 1942, a paper by the Royal
Aircraft Establishment (R.A.E.) in which it was proposed that the transmitter
T.1154, normally carried in bomber aircraft for communication purposes, should
be used as a jammer and should be modulated by ““ noise ”’ from a carbon
microphone hung in the engine cell or airframe.2 To overcome the difficultics
of searching for and jamming the frequencies used by the enemy, it was suggested
that each bomber aircraft should be allotted a band of 150 kilocycles out of
the total band used by the enemy, the wireless operator being responsible for
searching this band and jamming any German R;T that he might hear. The
scheme appeared to be practicable and to meet the requirements of Bomber
Command. Air Ministry therefore suggested to Bomber Command that this
form of jamming should be introduced and that it should be carried out on a
larger scale than had previously been authorised.® After satisfactory trials
had been carried out by aircraft of No. 1473 Flight—the special R.C.M. Flight
of No. 80 Wing—Bomber Command initiated jamming operations in December
1942, at the same time as Mandrel.* The code name Tinsel was allocated to this
counter-measure, which was first used on 2;3 December 1942.

The efficacy of Tinsel depended primarily on two factors :—

(@) The scale and rapidity of action on the part of the operator in detecting
a German R/T transmission within the band allotted to him and in
applying his jamming.

() The number of bombers engaged and the size of the area over which
they were operating, i.e., the greater the number and the greater the
concentration in time and space the better the effects of the jamming.

In the beginning, the cffects noticed were not particularly encouraging. This
was probably due to the fact that the operators had not acquired the necessary
skill and that the raids when Tinsel was first used were usually neither in great
force nor very concentrated. Early in 1943, however, when the operators had
gained experience and were, consequently, much more skilful, and when, also,
the raids were larger and more concentrated, the results achieved undoubtedly
contributed to a reduction of losses. Concurrent with the growth of this success
thr moral effect of the counter-measure increased by leaps and bounds, not
onlt because of the fact that the operators were able themselves to judge the
efiect they were producing but also because they felt they were being employed
oficnsively during the most dangerous period of the raid.

""Then Air Commodore E. B. Addison.
AN, File Radio 5.4233/GEB/16, 2 October 1942, and Bomber Command File
B.(.;5.25707, Encl. 148. :
3 AM. File 186/D. of S., 4 November 1942,
‘ Bomber Command Lile B.C./S.25707, LEncls. 28a, 344, and A.M. File C.S. 11472/ACAS
{Ops.), 18 November 1942,
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tespectively, with a view to instituting a jamming offensive against the early
warning R.D.F. chain deployed along theé enemy-occupied coast opposite
the United Kingdom.* The aim of this jamming was to push back the long
range R.D.I*. cover beyond a line at which the short range R.D.F. took over
on a different frequency. Concurrently with the early warning jamming,
work was also commenced with a view to similar action against the short
range and night-fighter interception system, the code words Mandrel being
given to the former and Carpet to the latter.

The means of jamming the enemy early warning system had been first set
ot in detail in a report prepared by T.R.E. in October 1941. This paper
calculated the power required to reduce the range of the Ireya to 20 miles
for both air and ground transmitters and outlined the effect that would
probably be produced by ground transmitters operating in the Dover and
Isle of Wight areas, and by airborne transmitters carried in six aircraft disposed
s0 as to present a continuous line of jamming to the R.D.I'. stations. The
use of barrage instead of spot frequency jamming was recommended ; that is
to say, the use of transmitters whose radiation energy was spread over a band
of [requencies instead of being concentrated on one frequency of a single R.D.I7.
station.?  The advantage of this type of jamming was that it overcame the
difficulties of monitoring and ensured that all enemy R.D.F. stations looking
at the jammer were jammed. The modulation of the transmitter was not
specified and it was stated that this subject was under investigation.

“The type of modulation used for jamming any type of radio receiver is a
matter of great importance, as it is possible to reduce the effectiveness of the
jamming by using filters or other devices to reject certain components of the
modulation. To avoid this possibility it is necessary to produce in the enemy
receiver modulations which are quite random in form and do not have, for
gxample, any components of a definite frequency.> One method of achieving
this was the use of ‘“ noise”’ as a source of modulation. T.R.E. attempted
to generate noise electrically by using a resistance, but the power obtained
was too small to be of use. A noise source of usable power was, however,
developed by the General Electric Company Limited research laboratories
making use of the thermionic noise produced by certain types of radio valve.

. The development of ground and airborne Mandrel sets was at first given
2 priority below that given to the development of a 53 centimetre jammer and
progress was accordingly slow. But in May 1942, the development of the
three offensive radio counter-measures Mandrel, Moonshine and Carpet was
considered to be sufficiently far advanced to warrant the prototyping of aircraft
for the airborne equipment and the selection of sites for the ground Mandrel
stations.® The scheme as now proposed, which had as its immediate object
-the assistance of I'ighter Command in their task of destroying enemy fighters
i order to hold as large an enemy fighter force as possible in the west, was to
"consist of both airborne and ground Mandrel to reduce the range of the enemy
long range early warning system to some twenty miles from the enemy coast,
together with airborne Moonshine to bring enemy fighters into the air and,
finally, the use of ground Carpet to jam the short range enemy R.D.F. warning
system over a short length of the coastline opposite Dover.? Any larger

I Minutes of R.C.M. Meetings held at Aijr Ministry between August 1941 and May 1942.
2T.R.IE. Report No. 5/37A. A.M. File R.C.M. 119, Encl. 4a.
3 Narrator’s Comment. dMinutes of Third R.C.M. Board Meeting, 5 May 1942.

s Paper R.C.)L./7/42, 29 May 1942,
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it had been designed, enabled the mechanics and operators to be trained in
the recognition of signals and manipulation of the transmitters on to the signals
to be jammed. In October this station was formally placed at the disposal of
Vice-Admiral, Dover, and ultimately, no operational use for the designed
purpose having arisen, the station and monitor site were handed over
completely to the Admiralty and the Royal Air Force personnel withdrawn.
This station, like the Mandrel stations, consisted of the battery of six trans-
mitters, the sets employed, Admiralty Type 91, being modified to cover
the special band required.! The transmitters were provided with wave-
guide arrays mounted on scaffolding which permitted each wave-guide
to be rotated independently through an arc of 30°. Admiralty Type J.19
receivers were supplied for monitoring purposes and were also provided with
fotating arrays.

Airborne Mandrel

A laboratory model of the airborne transmitter had been completed by
T.R.E. in March 1942 and in April, when the priority on this equipment was
raised, the General Electric Company were asked to produce eighteen sets.?
Arrangements were also made for the installation of the equipment in nine
aircraft (Defiants) of No. 515 Squadron to form a second flight of R.C.M.
aircraft in addition to the flight of Moonshine aircraft. No. 80 Wing was
charged with the responsibility of co-ordinating the programme of prototyping
and installation, the installation work being carried out by fitting parties of
No. 26 Group. ‘

On 8 July 1942, the General Electric Company issued a report on the
performance trials of Mandrel as fitted in the Defiants.® The results were
satisfactory and indicated that airborne Mandrel was easily capable of reducing
the range of the Freya to 20 miles when at a distance of 60 miles and covering
a frequency band of 121-128 megacycles per second. This met the requirement
“for the proposed Mandrel jamming screen. The modulation used was from a
‘noisy diode valve. Eighteen sets were delivered in August 1942 and a further
contract was made for 192. Arrangements were made for a prototype
“installation in a Lancaster aircraft, and when the Bomber Command operational
‘requirement became known, installations were also made in Stirling, Wellington
and Halifax aircraft.? '

It will be recalled that on 6 October 1942 at a Bomber Command meeting
. attended by Sir Henry Tizard, it had been recommended that Mandrel should
" be installed in bombers. As a result, it was decided that thirty-six bomber
squadrons should be fitted with airborne Mandrel and No. 80 Wing was made
responsible for co-ordinating the programme of experimental work, the
prototyping of aircraft, and the fitting of the equipment. At this stage the
scale per squadron was to be two aircraft fitted complete with Mandrel and
two more aircraft fitted ready to take the equipment if required. Fitting of
the squadrons commenced early in November, being carried out, as for No. 5135
" Squadron, by fitting parties of No. 26 Group and by squadron personnel. A
big effort was put into the production and installation in Bomber Command
aircraft of Mandrel and by 1 December 1942, in addition to the Mandrel Flight
1 Appendix No. 11. 2 A.M. File R.C.M.155, Encls. 20a and 25a.
3 A M. File R.CM. 119, Encl. 65a. G.E.C. Report, dated 8 July 1942,

¢ AN File R.C.M. 119, Encl. 834 ¢t seq.
¢ Minutes of Ninth R.C.M. Board Mceting, 22 September 1942,
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the war, with the Germans changing the frequency of existing equipment or
producing new equipment to overcome the effect of jamming, and the Royal
Alr Force seeking for intelligence ol these changes and then endeavouring to
produce new or modified jammers in time to prevent the enemy gaining any
great advantage.

Enemy ML.F. Counter-Measures
Although the Germans were never to develop counter-measures to the same
extent as did the British, they did make eflorts to interfere with the Royal Air
Force radio aids to navigation, particularly those used by Bomber Command
and the United States Army Air Force. The first identified radio counter-
measure to be employed by the enemy was the jamming of M.I, beacons used
by Bomber Command. Intentional enemy interference with several beacon
groups commenced on 25 March 1942 and originally consisted of hand-kcyed
imitations of the beacon transmission radiated {rom relatively high-powered
ransmitters situated in the Amiens area. This crude jamming was later
replaced by the meaconing method and the enemy counter-measure scheme
developed rapidly causing considerable inconvenience to Bomber Command
who, before the completion of the Gee programme, relied to a very large extent
on the use of M.}. beacons for navigation and homing. As a result of meetings
between representatives of Air Ministry, Headquarters, Bomber Command,
Headquarters, No. 80 Wing, and the British Broadcasting Corporation, a
decision was reached to counter Lhe encmy system by two methods,? viz, :—
(@) By leaving the high-powered B.B.C. transmitter at Droitwich *‘ un-
spoiled 7’ when required for use by Bomber Command.
(6) By using No. 80 Wing Meacon transmitters as beacons.

The code names Washtub and Splasher respectively were assigned to these
operations, which are considered in detail below.

Washtub

In order to render them useless to enemy aircraft for navigational purposes,
the high-power B.B.C. transinitters operated generally during the period of
hostilities as members of synchronised groups and their use by {riendly aircraft
‘“for homing purposes was therefore not possible. With the introduction of
operation Washtub the higher-powered transmitter at Droitwich 5 (200 kilo-
“cycles per second, 200 kilowatts) which was used for foreign propaganda was
_left “ unspoiled ”’ from two hours after sunset on any night when 1t was required
"by Bomber Command for navigational purposes. During these periods of
- unsynchronised transmission the transmitter remained subject to control by
Headquarters, No. 80 Wing, via thc Liaison Officer at Headquarters, Fighter
Command who could issue orders to “ spoil " or close down the transmission
should enemy activity necessitate such action.

Washtub, which came into operation 4 April 1942 proved effective in practice,
and the transmitter was reported by crews as providing excellent homing
facilities for aircraft within ranges of 150 miles, the signal being: particularly
casy to distinguish and giving very sharp minima. The scheme had, however,
been regarded purely as an emergency measure and in view of the fact that the
Splasher system introduced on the same date proved immediately successful,

! Minutes of A.M. Mecting, 28 March 1942, and Minutes of Hcadquarters No. 80 Wing
Meeting, 29 March 1942, No. 80 Wing File S.3043/3/Sigs., Encls. 2a and 3a.
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The Air Officer Commanding-in-Chief, Fighter Command, considered that
the results of these trials had proved that the possible use by the enemy of
metallised strips was a most serious menace to our night defence system and that
there were as yet no means of reducing or overcoming their effect. The
corollary to this was that the vast amount of work which had been put into the
production of the various scientific devices which had enabled night inter-
ception to be brought to a reasonable degree of efficiency during the past two or
three years would be completely wasted ; and, as no alternative devices existed,
the position would become extremely serious were the enemy to discover the
effect of the strips. He therefore requested that any proposal to use metallised
strips against the enemy R.D.F. system should be abandoned.

In a letter 16 the Air Officer Commanding-in-Chief, Fighter Command, the
Chief of the Air Staff explained that the results of these trials created a very
serious dilemma.! On the one hand, it might be assumed that the idea of
Window had not occurred to the enemy. On the other hand it was possible
that he had already the idea but was afraid to use it because at that time we had
a stronger bomber force on the Western Front than he had. Under the first
hypothesis we should be taking serious risks by attempting to train the Fighter .
Command in tactical methods designed to overcome Window because the news
of this training might leak to Germany and give them the idea. Under the
second hypothesis, training on the largest scale could do no harm and might

lead to a way of at least partially defeating the use of Window by enemy bombers
when the enemy’s chosen moment to use it came.

The case for giving more weight to the second hypothesis was strengthened by
the possibility that the enemy might suddenly get the idea without any help
from us, and if he were to do so, we should have handicapped ourselves to no
purpose and might be suddenly confronted with a form of defence, to defeat
which we had made no preparations at all. The question was so difficult and the
problem so serious that the Chief of the Air Staff suggested he would probably
have to submit the case to the Chiefs of Staff and the Prime Minister. He
assured the Air Officer Commanding-in-Chief that Window would not be used
for the present, not only because of the views expressed so far, but also because
it was thought that other methods were likely to give quite a lot of protection
against the German defence, which as far as was known, did not include A.I.

Window Conference, July 1942

In view of the complexity of the Window problem and in order to determine
what course of action should be followed, the Chief of the Air Staff called a
meeting on the 21 July? at which were present the Chief of the Air Staff, Air
Officer Commanding-in-Chief, Fighter Command, members of the Air Staff, the
Director of R.D.F., Lord Cherwell and other scientific advisers. At this meeting
the question was raised as to how far the enemy might or might not be familiar
with this weapon. A.D.I. (Science) explained that the idea of Window was a
simple one and that it was unlikely that German scientists were not well aware
of it. It might however be that it had not yet been adopted by the German
High Command and pushed forward to a stage of readiness for operational use.
On the whole, on the scanty evidence available he was inclined to think that this
was the most probable answer. It was, however, possible that the development

1 AM. File C.S. 14198, Encl. 384, 16 July 1942. % Ibid., Encl. 44a, 21 ]illy 1942,
112
















" degree of skill that the provision of crews was impracticable. Even if such
crews could be provided its utility for interception purposes would be small.
Sound Locators therefore did not offer a solution to the problem.

The result of this meeting was yet another decision to withhold the opera-
tional use of Window, but it was agreed that all preparations for its employ-
ment at short notice should be made.l! Apart from the tactical plans being
prepared by Headquarters, Bomber Command, this entailed the manufacture
of an adequate supply of material for the initial operations, and the design of a
suitable launching device. Bomber Command was therefore informed that a |
decision had been taken to manufacture a sufficient quantity of the material
for one month’s intensive operations.? Since this quantity was estimated to
weigh some 450 tons, and in order that it should be available for operations at
“short notice, Bomber Command was instructed to make the necessary arrange-
ments for its storage. This was provided amongst airfields of various Bomber
Groups, the distribution being accompanied by most comprehensive precaution-
ary measures designed to preserve secrecy and security.

Window Launcher

The need for a suitable method of launching Window from the operational
aircraft of Bomber Command was now urgent.® It had been intended to use the
flare chute but it was the Command’s view that this could no longer be depended
upon. At an early date consideration had been given to the question of designing
and installing a special launching device, but in view of the modification
difficulties and the fact that the Small Bomb Container (5.B.C.) could be adapted
for this purpose the requirement was dropped. But now that Window would
have to be dropped almost continuously, the bomb doors would have to be
open for longer periods, which operationally was unacceptable. Thus an
alternative to the S.B.C. became necessary, and as Window might be imple-
mented at short notice, the design and production of a suitable launching
device for fitting in all bomber aircraft became an urgent operational
requirement,

The design of the launching device was governed by several factors, among
which were the size of the bundles of Window, the weight of Window to be
carried in each aircraft, and the types of aircraft.# For technical reasons it
was considered preferable that the material should be dropped in smaller
bundles than those originally proposed. Instead of a 9-1b. bundle a smaller one
of 2 lb. was decided upon as the most suitable. The specifications for the
launching apparatus were prepared by Bomber Command and by January
1943 the possibilities of meeting this requirement were being considered by an
installations section of the Ministry of Aircraft Production (R.D.Q.).> It soon
transpired, however, that no automatic device was likely to be available in
under eighteen months and that reliance must be placed on hand launching
methods. It was found that standard chutes could be used for all the
heavy bomber aircraft, and a special chute had been made and found
‘satisfactory for the Wellington aircraft.® Thus the heavy and medium

' AM. File C.5. 14198, Minute 87, 4 November 1942.

* AM. File C.5. 14198/DB. (Ops.), Encl. 86a, 4 Novernber 1942.

3 AM. File C.S. 14198, Minute 87, 4 November 1942,

¢ ITbid., Minute 88, November 1942,

s Bomber Command File B.C. S.26861/Air, 20 December 1942, A'M. File C.S. 17864.
s .M. File C.S. 14198, Minute 116, 7 March 1943
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Germans in the Mediterranean.! Such an estimate would help to determine the
actual date on which we should introduce Window. The Joint Intelligence
Sub-Committee found it extremely difficult to give any accurate forecast of
the time it would take the enemy to copy our methods, but estimated that it
would take eight weeks at the very least for him to be in a position to use Window
on a sufficiently wide scale for it to be effective.?

Use of Window Authorised

A provisional date for the introduction of Window was given to Bomber
Command in Air Ministry signal AX 874 dated 22 June 1943, but confirmatory
orders were withheld until instructions from the Prime Minister had been
obtained nearer the date.? This matter was eventually to be raised with the
Prime Minister on 1 July, but it was not until 15 July that the Chief of the
Air Staff, in a pencilled note from No. 10 Downing Street was able to indicate
that authority had been given for the use of Window with effect from 23 July
1943.4 Headquarters, Bomber Command, was informed accordingly on 16 July,
and Window was used for the first time on the night of 24/25 July in an attack
on Hamburg.®

Window in the Attack on Hamburg, 24/25 July 1943

The first operational use® of Window was attended with marked success.
A report by the Air Operational Research Section of Bomber Command was
prepared by 30 July 1943, based on information which had by then become
available ; and although there was much analysis still to be done before definite
information could be gained regarding the effect of Window on enemy defences
and before any improvements in the tactical use of Window could be confi-
dently formulated, there was certainly evidence from the intercepted enemy
R/T traffic on the night of 24/25 July that the effect of Window on the ground
control of fighters was most serious. There were strong indications that free-
lancing and co-operation with searchlights had to be resorted to because of the
confusion caused. Among the many examples of intercepted R/T traffic
indicating enemy reaction to Window during the first Hamburg raid were the
following :—

““ The enemy are reproducing themselves.”

“ It is impossible, too many hostiles.”

' Wait awhile ; there are many more hostiles.”
T cannot control you.”

“ Try without your ground control.” '
‘T am searching without your control.”

The losses on this night were very much less than would have been expected
for a raid on this target. Not only was the enemy night-fighter efficiency
impaired, as indicated by intercepted R/T traffic and percentage of bombers
attacked, and also by the low attack/interception ratio, but from flak damage
sustained it was clear that the guns, too, were not very effective. Searchlights
were also hampered in operation.

1 A.M. File C.S. 14198, Minute 151, 9 June 1943.

2 Ibid., Encl. 1534, 11 September 1943.

3 Ibid., Minutes 161, 162, 24 June 1943.

4 Ibid., Minute 165, 15 July 1943.

5 Ibid., Encl. 1674, A.M. Signal AX 829, 16 July 1943.

A map showing the general plan for dropping Window is given at Diagram 7
¢ Bomber Command O.R.S. Report S.95, 30 July 1943.
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a Bomber Command attack with which they might never be able to make
contact and then not be sure of landing at a safe airfield undoubtedly under-

- mined the morale of the hardiest of night fighter pilots. There is evidence that -
many of the less resolute succumbed, and for them the false landing orders in
particular were always a good excuse for evading further trouble.

The end of Corona was, however, in sight. With the increasing use by the
enemy of V.H.I.,, the introduction of W/T control, and another change in
night fighter organisation whereby individual units controlled their own aircraft, .
its effect began to dwindle. By the spring of 1944 the enemy had become
inured and the last days of Corona came when the Germans were able to
ridicule the efforts of the ““ Ghost Voice ”” before the night’s proceedings had
started. Nevertheless, the Corona organisation was kept in being and instead

-+of modulating the transmitters with speech they were modulated with noise
and used to augment the Special Tinsel effort.! In this form Corona remained
in operation till the end of the war.

Airborne Cigar (A.B.C.)

It will be recalled that with the introduction of V.H.F. for R/T control
channels of communication, the enemy had hoped to ‘avoid the Tinsel jamming
of H.FF. channels, and that an immediate counter-measure had been provided
by a barrage of jamming transmitters sited at Sizewell on the East Anglian
coast. Although it was known from “ Y’ Service intercepts that considerable
interference was being experienced by enemy fighter aircraft, it will be
appreciated that the effect of Ground Cigar was limited to that area of enemy
country over which the jamming was directed. If the Bomber Force was to be
{ully protected, it was essential that V.H.F. jamming should be applied to
any area over which it operated, particularly those out of range of Ground
Cigar. The solution was to employ an airborne jammer carrying the jamming
right into enemy territory, thus protecting Bomber Command aircraft over
the whole route to and from the target. As a result of a suggestion by the
Air Ministry, Bomber Command agreed to earmark one squadron of the Bomber
Force for the specialist role of V.H.I'. jamming in addition to its normal function
¢ of dropping bombs.2 |
Thus was introduced the counter-measure Airborne Cigar (A.B.C.), first used
. operationally on the night of 7/8 October 1943.2 No. 101 Squadron, a normal
Lancaster bomber squadron in No. 1 Group, was fitted with modified Jostle
Il transmitters for jamming enemy R/T in the 38-42 megacycles per second
frequency band. Ifach aircraft carried a specially trained German-speaking
operator as an additional crew-member, whose duty it was to find and jam the
~ encmy frequencies. It was also the intention that the aircraft, which were to
dccompany the bomber force in order to apply the jamming, should carry a
normal bomb-load less the weight of the special operator and his equipment,
which amounted in all to about 1,000 lb.

In the five months which elapsed during that summer before aircraft were
equipped for this squadron, the enemy had full and free use of his V.H.F.
channels operated outside the area covered by Ground Cigar. At times, it

LAM. Letter R.C.M./208/Tels. 2, 22 January 1944, Encl. 14A, and Bomber Command
File 5.30726. '
2 A M. Letter C.28902, Encl. 34, 23 April 1943.
3 Bomber Command File B.C. $.29922/Sigs., 12 June 1943.
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CHAPTER 12

RADIO COUNTER-MEASURES AGAINST ENEMY
AIRBORNE INTERCEPTION DEVICES

Investigation of German A.lL

From information disclosed by R/T intercepts, Air Ministry (D.D.1.4) issued
areport in July 1942 that an interception device, known to German aircrews as
Ewnul- Emil, which at the beginning of 1942 appeared to be used by night fighters
in the Flushing area only, was being used on an increased scale and that this
increase seemed to coincide with the decrease in searchlight co-operation.!

_Though it was evident that Ewmail-Emil was an airborne interception device, it
was not clear whether it was A.L. or infra-red, and little information was avail-
able to indicate its performance. By October, it was apparent that the opera-
tional use of this device had spread considerably, and that enemy night fighters
were being equipped with it as soon as it became available. The security of the
German R/T, however, was very high and there was still no indication of its
nature. '

A search for German A.I. transmissions was made by T.R.E. from the East
Coast, where it was expected that transmissions would be intercepted from
enemy fighter aircraft operating in the Flushing area. As a result, radiations
reccived on a wavelength of 61 centimetres and having a pulse recurrence
frequency of 3,000 cycles per second were strongly suspected as being con-
nected with the enemy’s A.I. The importance of confirming this suspicion
became paramount and steps were at once taken to use wireless investigation
aircraft on special flights over hostile territory in areas where night fighters
would be encountered. In order to obtain this vital information the investigat- -
ing aircraft had to invite attack by night fighters.

Several sorties had been carried out by an aircraft of No. 1474 Flight, but
with no success.? However, on the night of 2/3 December 1942 the aircraft
‘was attacked several times by an enemy night fighter, signals on 61 centimetres
wavelength being received at maximum intensity throughout the attacks.® In
spite of the crew (including the special operator) being wounded, the radio
and pulse recurrence frequencies were checked three times, and the information
successfully conveyed to the appropriate intelligence branch. The report? of
this investigation flight describing how the frequency of the Lichenstein B.C.
was established follows.

The operation took place across the north coast of France to an area near
Frankfurt. The aircraft was engaged on its eighteenth sortie on this par-
ticular investigation, which necessitated the aircraft being intercepted by an
-enemy night fighter, and up to this sortie all efforts to get such an interception
had failed. At 0431 hours the special operator reported that he had been
receiving signals on his special wireless equipment which he thought were the
ones to be investigated. He warmed the crew to expect a fighter attack., The

! R.A.F. Wireless Intelligence Service * Little Screw " Report No. 5, A.M, File R.C.M. 103,
Encl. 103a.

2 A.S.I. Report No. 1. 3 A.M. File R.C.M. 151, Encl. 29a.

4 Operations Record Book (O.R.B.) No. 1474 Flight.
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CHAPTER 19

RADIO COUNTER-MEASURES IN SUPPORT OF THE
ALLIED LANDING IN THE SOUTH OF FRANCE
(OPERATION ANVIL/DRAGOON)

- The Allied Chiefs of Staff decided at the conference called Quadrant in
Scptember 1943 to plan an assault on Southern Trance to coincide approxi-
mately with the main landing opcration in Normandy.'! It was calculated that
the former would assist the latter in several ways. It would contain a con-
siderable portion of Axis forces in France and [taly in the South of France and
so lessen resistance to ““ Overlord ”’ and it would put a considerable Allied force
on a flank of the German lincs of communication and would open alternative
ports and routes by which to reinforce the Allied northern forces. Finally,
it would stiffen the operations of the French Maguis against the enemy.

On 12 June 1944 it was decided that final plans for operation “Anvil "2 should
be produced and that the operation would consist of an amphibious assault
mounted from North Africa, Corsica, Sicily and Ttaly against Southern France,
east of Toulon, with the object of scizing a suitable port as a base and sub-
sequently advancing towards Lyon and Vichy, or westward to the Atlantic
coast, as determined by developments. The ultimate object was to join the
Allied forces operating in Northern France.

The army forces to take part in operation ““Anvil "’ were planned to be one
U.S. corps, two French corps and an airborne force consisting of British, U.S.
and French airborne formations.® The main assault was to be launched at
H-hour on D-day by three U.S. divisions between Cap Cavalaire and Agay,
the left flank to be secured by a landing of French commandos near Cap Negre.
An airborne force was to be dropped in the Argens valley between Le Muy and
Carnoules, and later a I'rench parachute regiment might be dropped in localities
held by the Maguss from about D -5 to D 4+10. On the night of D —1, a
Special Service force was to be landed immediately after dark on the islands of
Port Cros and Levant with the object of neutralising the enemy defences on
these islands in order that shipping might enter the Bay of Cavalaire. The
forces for the operation were to be placed under the command of Major-General
A. M. Patch, Commanding General of the VII U.S. Army.

The naval forces planned to take part in the operation were a composite task
force comprising 4 battleships, 2 heavy cruisers, 14 light cruisers, 11 aircraft
carriers; 105 destroyers and numerous supporting craft, cargo ships and assault
craft. Their tasks were to establish the army forces ashore on the beaches
selected, to make diversionary movements outside the assault area, to land
commandos and Special Service forces at selected landing points and to provide

"carrier-based aircraft to augment the scale of fighter cover over the beaches
and shipping lying offshore and to observe for naval gunfire. The Naval

1 A H.B./IT J1/90/294, Encls. 318 and 164, para. 2.

2 A.H.B./II J1/90/34 (Signals Report on Operation ““ Dragoon "), para. 2.
3 Ibid., para. 3. 4 Ibid., para. 4.
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of the period in which attacks were permitted. It was hoped that prisoner-
of-war interrogation would yield information on the efficiency of the direct
action programme, but because of the huge numbers of prisoners captured it
was found impossible to conduct interrogations and practically no information
from this source was obtained.

Efficacy of Moonshine Diversions®

One of the allotted ships did not participate because of engine trouble.
On both days (14 and 16 August) a large number of signals, characteristic of
enemy airborne radar, were received and enemy aircraft were observed flying
close to the ships, coincident with strong signals being received on the
Moonshine receivers.

In the ten H.F. sets only one fault developed. This was in the transmitter of
H.F. No. 9 which failed at 2200 hours on the first night. It was still unservice-
able on the second night, but on test afterwards it worked again satisfactorily
without the fault being found.

The M.F. situation was not satisfactory. Several faults developed, the first
set going unserviceable towards the close of the first operation at 0310 hours.
Only one L.F. set took part in the first operation and two in the second. The
only failure was one on the first night, which was soon rectified. In addition,
two of the petrol-electric sets gave some trouble, but otherwise the equipment
in general functioned well.

Mandrel Operation?®

Except that one aircraft returned early with petrol trouble (quickly replaced
by a spare aircraft), the operation went on without untoward incident. On
31 July one of the No. 34 Squadron aircraft which had been allotted to this
operation, was ferried to No. 4 Base Signals Unit at Maison Blanche for pro-
totyping of the special Mandrel equipment. This was satisfactorily completed
by 4 August, whereupon the aircraft was ferried back to its base. By 12 August,
nine more aircraft had been ferried to the Base Signals Unit. All but one were
so fitted and a party sent from No. 4 B.S.U. to the operational base, Celore,
completed the final installation. The final tuning and checking was done at
Celore. The aircraft were stacked on patrol lines in such a way as to rule out the
possibility of collision. Three aircrews reported some evidence of transmitter
failure during flight but, on check after landing, only one transmitter proved
to be faulty, due to an unserviceable valve.

Window (Convoy Simulation) Operations®

In the event a shortage of Window made it necessary to curtail the dropping
to 0400 hours, when the withdrawal was beginning. It was felt, however, that
it would have been impossible to continue the deception beyond that point, as
the convoy then did too large a change of course to make it possible to maintain
a suitable pattern. Various alternative drop patterns were considered carefully
for use during this critical phase, but no adequate solution was found. It was
convenient to cover the seven-hour period in two details, the change-over
occurring at 0100 hours on the turn. There was a seven-minute overlap of

1A H.BTL J1/90/34, Appendix * F.” Technical Report on * Moonshine "’ Equipment,
paras. 4-7.

2 Ibid., Appendix ' . Airborne Mandrel in Operation " Dragoon.”

3 Ibid., Appendix " G,” paras. 28-43.

251

























































































































































from the Radio Control Officer without comment. The Senior Control Room
Enginecer was able to switch off any transmitter practically simultaneously with his
instructions from Fighter Command.

A remarkable liaison was established between the Radio Control Officers and the
Senior Control Room Engineers, and it would be fair to state that on less than a
half-dozen times during necarly six years did any misunderstanding arise.

Orders for Coatrol

All close-down messages from the Radio Control Officer were passed in a
prescribed form, viz., * Fighter Command speaking—awake—close (¢.g. Brookman’s
Park 1) Clodat,” and to open ‘‘ Fighter Command speaking—awale—reopen
(e.¢. Brookman’s Park 1) Clodat.”” During the period that Fighter Command
ceased to exist under that name, the title Air Defence of Great Britain was, of
course, substituted.

In the event of the code word Clodat becoming compromised, reserve code words
Castop or secondly Kerbit were provided by Signals, Air Ministry. It was never,
however, necessary to use either reserve code word.

Radie Control Section Records

A record was kept by the Section’s Duty Clerk of all closing and opening times
and tallies were put on a wallboard containing all current stations in their respective
groups which were subject to control. It could therefore be seen at a glance what
stations were closed at any moment. As time went on, experience was gained, and
an excellent system was evolved both for recording and displaying close-downs.

B.B.C. Synchronised Groups

On 1 September “1939, the British Broadcasting Corporation divided their
transmitters subject to control into three synchronised groups, viz. :—

North Home. South Home. Foreign.
767 kilocycles per second 668 kilocycles per second 804 kilocycles per second
(391 metres). (449 metres). (373 metres).
Lisnagarvey. Moorside Edge. Brookman'’s Park.
Westerglen. Droitwich. Moorside Edge.
Burghead. Brookman’s Park. Westerglen.
Stagshaw. Washford.

Irish Free State Transmitters

Shortly after the outbreak of war it was found impracticable, chiefly on account
of telephone difficulties, to attempt to request the Irish Free State to close their
100 kilowatt transmitter at Athlone, so spoilers were erected by 9 December 1939
by the British Broadcasting Corporation at Penmon (2 kilowatts), Clevedon
(2 kilowatts) and Redmoss (1 kilowatt), and thesc spoilers came under Fighter
Command control.

This system, however, proved unsatisfactory, since Redmoss in particular gave
good signals for navigational purposes over the North Sea, and Penmon also was
dangerous owing to its close proximity to Liverpool. Further, the cost of the
organisation proved out of proportion to the doubtful benefit derived from it.
The system was therefore abandoned on 3 February 1941. ’

Arrangements were concluded on 8 October 1940 with the Irish Free State whereby
they themselves ran spoilers in Cork and Dublin. Later, on 18 March 1941, an
additional spoiler, designed to protect the Bellast area, was installed by the British
Broadcasting Corporation at Ramsey in the Isle of Man. These three spoilers
operated successfully until 29 I'‘ebruary 1944 when they were discontinued, due to
diminishing enemy air activity over the British Isles.

B.B.C. Transmitter Danger Areas

Synchronisation fails as a safeguard against enemy navigational use when enemy
aircraft come within a certain distance of any high-powered transmitter. Theory
and tests indicate that for aircraft loop D/F the unprotected area usually lies within
the field strength contour wherein the local transmitter gives a signal of four times
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