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6 TER

BADIO AIDS TO THE DEFENCE OF BOMERRS

i@ & of Fa \ids =

The first year of the European Wur demonstrated to Britain the great
value of radar &8 a defensive weapon. Fhotographic reconnaissance and
listening watches revealed that the enemy had also realised the
possibilities of radar aided defence and therefore, when it became possible

to prepare an air offensive, thought naturally turned to mesns of
Reutralising the enemy's radar system and to applying rudar searching
methods to the protection of bombers,

During 1941 the enemy was still capuble of substantial boumbing raids
against thies country and there wus great reluctance to take determined
action against enemy radar lest retaliatory aotion should inflict a serious
handicap on our own defences, In 1942, the relative power of offensive
action in the air swung decidedly into this country's favour and a caupaign
of radio-countermeasures began. This gathered strength with the progress
of the airjwar and, changing in its direction of incidence in order to
meet enemy developments, continued, to the end of the war,

The aim of the radio-gountermeasures was to deny to the enemy radar
installations the information which they sought and to prevent the passing
of informaticn by wireless means, In addition s Quring 1943, radar search
@pparatus was fitted into bombers, in order to provide airerews with
warning of imminent hostile action against them, and into fighters used
for boumber support. Radio aids provided gpecifically &s aids to navigation
could also clearly have an effect on the defence of boubers since they
Gould assist in maintaining the high concentration of bombers in space and
tiue which was shown to be & powerful tactical countermeasure against the

(1) (2)
eneny defences (Bomber Command 0.R.S. Reports Nos. 9 and 34 ).

Steps ia the Development of a Radio Ald

In the introduction of radio aids for bomber defence the normal chain

of development may be stated as follows.

(1
(2)) AJH.B./IT/70/16 3,
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(2) The provision of kanowledge of the enemy's defensive system and

of technical details of his radio and radar installations.

(b) Decisions of policy as to the parts of the enemy's system to be

assailed, _

(¢) Technical development of the means to carry out the policy.

() Decision of what scale the erfort should be and how it should be

applied.

(e) Assessment of the results obtained by application of the mea.ﬁure.
These wsteps have not always followed the chronological order in which they
are set down here, and frequently one step has not been clearly separated
from another, but in one way or another all had to be made for each radio
aid, HMMuch of the contribution of 0.R.S. to the various processes of
development will emerge as detailed éonsidaration is given to individusl

aids, but some broad generalities are more conveniently treated here,

Information about the Enemy's System of Defence

Obtaining knowledge of the enemy's system g’g largely ®5 an
Intelligence responsibility, There were, however, opportunities for the
O.R.S. to assist in some matters since from time to time useful inforuation
could be obtained from the observations of aircrew recorded either in their
routine reports of operational flights or in special reports reguested
for a specific purpose, These reports, often appreciated cursorily by
Intelligence, frequently required careful analysis to yield their full
and true results and this analysis was an appropriate 0.R.8. function. An
important example of this work which had a strong bearing on the determina-
tion of which radio aids offered the highest retuins was the assessment of
the relative contributions of the various causes of loss of bombers te the
total wastage (e,g. Bomber Command 0.R.S. Report Mo, S.99 - 'Hight Bomber
losses on German Targets 191;2').(1)

Design of Equipment

The design of apparatus was a matter entirely for the appropriate
experimental establishments, T.R.E. and R.A.E, n{O.R.S., however, performed
a liasison duty interpreting difficulties in designing to the service ana )
advising the experimental establishments on the expected conditions of

operation,

(1) AH.B./IT/39/1/4.
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Direoticn of Policy

In decisions of policy, concerning either general lines of progress or
the scale and mode of application of a particular measure,T%.R.S. almost
invariably had a part to play. Most of these decisions had to be based on
an incomplete knowlédge and frequently had to take into consideration that
& device designed to confer a benefit might also have harmtul  effects.

For example, it was extremely difficult to assess the benefit of an
electrical airborne jammer for a type of enemy radar set becasuse of uncsrtain
knowledge of the enemy's reliance on that particular set, and the uaknown
risk that the enemy would use the jamming signal as a means of detecting and

destroying its source. Therefore, decisions had %o be based on Judgments
arrived at after full discussion.

Within Bomber Command, the responsibility for recommending action in
the field of radio aids rested with the Signals branch, and:g.R.S. maintained
2 close liaison with the section of that branch dealing with radio=
countermeasures, Discussions with T.R.E. either jointly with members of
the Signals branch or alone also played an important part in arriving at
sound judgments., Apart from these informal discussions on a day-to=day
basis, more general consultations were pursued within a Radio-Countermeasure

Committee set up within Bomber Command during 1943, This body comprised
representatives of the Signals, Intelligence and 0,.R.S. branches with
representatives of the Alr Staff and of Air Ministry as occasion demanded,
At the time of most active development of countermeasures that Committee
met fortmightly. A similar Committee on Tail-Warning Devices (the radar
gets carried by bombers to warn crew of the approach of other aireraft)
was set up during 194k.

The special role of the 0.R.S. in these discussions, in addition to
puttin: ideas into the common pool and presenting assessments of the
results of measures already in operation, was to present the facts
gathered from all sources in a clear and balanced form so that the issues
to be Jjudged could readily be appreciated. This might be done verbally, °
but occasionally sppreciations of the evidence were prepared in writing
for discussion or, after the discussion, the conclusions arrived at with
the evidence on which they were based were marshalled intc convincing form

/for
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for submiasion to the Ai~ Staff or to Air Ministry, In ccnsidering the
repor“s which follow on the work of 0.R.5. on individual radio aids, this
background of discussion must be borne in mind. Although an atieapt has
been made to make clear the specific 0.K.3. contribution, some of the ideas
and judgments referred to were iaspired or coloured by discussiocn with other
branches, while st the same time O.R.S5. consultation helped in arriving at
conclusions which are not included as O.R.S. contributions.
In addition to the deliberations within Bomber Command a&nd at T.R.E.,

the 0.R.3. was represented on the committees at Air Ministry, usually
under the chairmanship of the Controller of Communications, which considered
the development of radio equipment often in relation to its production.
Owing to the difficlilties experienced by production in meeting the rapidly
changing demands made by radio-countermeasures, these commitiees had not
infrequently to make decisions which involved the Command's policy and, on
these occasions, the O.,R.S. was able to assist the Signals branch in
stating a case,

Assessment of Results

The assessment of the results obtained by radio aids to bomber defence
devolved almost wholly upon the 0.R.3., For some measures, e.ge the
application of jamaing to some of the enemy's methods of communication, some

effect was made apparent immediately by the anemy'é avoiding action. In
general, however, the detailed analysis of a large mass of information was
required, The methods used and difficulties‘involved in the assessment will
be deseribed before detailed results of each olass of countermeasure are
considered, It mayiBe said here that these difficulties wers such that the
conclusions, as has also been stated, had to be based on Judgment of
indications rather than on incontrovertible facts.

When in December 1943, Wo. 100 Group was formed in order to operste
those of the countermeasures better applied by specialist aireraft, an
0.R.S. representative was attached to the tiroup. He was able to pay
special attention to the day=to-day problems of the }roup while maintaining

close liaison with the general investigations carried on at Command.

/Barly
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Early Devesopments

T.e history of Bomber Command's radio-countermeasures has been dealt
with in great detail elseshere (Air Staff Operational Monograph Mo. 1
'Countermeasurss to German Radar Daf.nncs'(i). The Direotor of Aixr
Tactics First Draft, May 1944 'War in the Bther - Burope 1939745 -
Radio-Count ermeasures in Bomber Command' = (Z)Signals Branch Headquarters
Bomber Command Juﬁe 1945). The most convenient method in dealing with
the 0.R.S. contribution is to consider individually each device used so
that its development from conception to demise or honoursble retirement can
be followede It is, however, desirable to give a brief account of the
enemy's defensive system in order that ths functions of the special
devices may be appreciated and to review the period before the introduction
of specific measures,.

At the request of the Air Officer Commanding=-in-Chief Bomber Command
in September 1941, the 0.R.S, prepared an appreciation of the existing
knowledge of enemy radar installations and of the proposals for countering
them which were being develoged (Report No. &4 ' Enemy R.D.F. aad Bomber
Command Night Oparationaﬂ. ’ It was pointed out that there was a serious
deficiency in our knowledge of the enemy's use of radar ia controlling guns,

searchlights and fighters, countermessures agzinst which were considered
to be more tpig necessary than against the better kaown enemy early warning
radar, In éorwarding the report to Air Hinistry, the Commander-in-Chief
requested that immediate further measures be taken to obtain more informa-
tion on the lines which it suggested. The reply gave an assurance that the

search for information on enemy methods and the development of counter=

messures would be actively pursueds During the next few months much

2;5 AJH.B./IIB/ 764
(3

Jadditional
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 additional information was obtained, The means to secure it included a
Comuando raid on the enemy-occupied coast in order to capture a Wurzburg,
the apparatus used to control anti-aircraft fire, Although there was still
some anxiety about the initiation of a jamming war, development of means to
gounter enemy equipment was actively pursued at T.R.E. as details of the
eguipment became known,

As this activity brought the large-scale application of radio-
gountermeasures nearer to practicability, it became necezsary to secure a
firm policy in favour of a jamming campaign and to re-assess the priority
of application., A memorandum was therefore prepared to this end (ﬁomber
Command §.R.S. Report No, S.59 = 'The Advantages to be Gained by the Use of
Countermeasures against Enemy R.D.F.' )(U. The contribution of various
cauges of loss to the total wastage of bomber airecraft was first estimated,

the main basis for judgment being the reports by aircrews of boumbers seen to

be shot down. The tentative allcocation of losses reached was as follows,

Percentage of Total Wastage
Percentage of Missi (Aircraft missing and

written off)
Flak at Target 30% (2/3 while held 20%
in searchlights)
Flak en route 15% (% while held in 10%
sexrchlights)
Pighter at Target 5. (% while held in 3%
searchlights)
Fighter em route 40% (% while held in 6%
gearchlights)
Not due to Enemy Action 107 41% (including non~-operational
wastage)

It was considered that all losses to fighters en route and losses to flak
uwnaided by searchlights were attributable to radar control. The controcl of
searchlizhts was uncertain, The conclusion reached was that the potential
saving by meutralising the enemy radar control was 60 per cent of the total
wastage if searchlights were radar controlled and 3V per cent if they were not.
A reduction of 50 per cent ws;a regsrded as a possible achievement, It was

stressed that if the total bombing effort were controlled by aircraft wastage

such a saving would vesult in a doubling of the effort, and thet in addition

()’ Bipanas
fom e /the
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the effectiveness of attack would be increasadxin distraction by target defences.
Fhe recommendation made was that the highest priority should be given %o the
development of radio countermeasures, those for use over the target being
" regarded as of first importance and those for use against ground control of
fighters second, A copy of this report was forwarded to Air Ministry by the
Commander-in-Chief with a request for the provision of suitable radio-
countermeasures with the utmost importance and urgency.

The progress of technical development was reviewed about this tiwme by
?.R.E. (Report No. 5/R/69/MR 'Second Imterim Report on R.C.M. Aids for Bomber
Protection'), and the Command's request for urgent action generated in
correspondence between Air Ministry and Cuommand concerning practical
possibilities which culminated in a conference held at Bomber Command on
6 October 192;-2: This conference of the Signals brench and O.R.S5. of the
Command with representatives from Air Ministry, under the chairmanship of the

Senior Air Staff Officer, sgreed that such countermeasures as were ready for

application should be applied as soon as possible,

Organisation of the Fnemy Defences at the Beginning of the

Count ermeasure Campaign

In the late autumn of 1942 when radio countermessures b°°f,”_‘° operational,
the enemy had four main types of radar equipment to assist his defence, Thcse
were:=

Freya, On a frecuency of 120«130 me/s, a broad-besmed scanning system
used primnrily.as an early warning set, but also as a putter-on
for narrow-beamed ground eguipments.

Wurzburg. On a frequency of 550570 me/s, a narrov-beamed system used
for the control of anti=aireraft fire (G.L.) and it was thought
probable, of searchlights (Searchlight Control (s.L.C.)).

Giant Wipgburg, On a frequency of 550-570 me/s, similar to the Hurzburg
but more narrowly besmed, used for Ground Controlled
Interception (G.C.I.). For this application, two of the sets
were sited together, one plotting the course of the bomber and .,
the other of a night fighter, Instructions to the fighter to
guide the pilot towards an attacking position were passed by

radio telaphoni‘, on a frequency within the band 3-6 me/8,

RESTRICTEL /Lichtenstein,
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Lichtenstein, On a frequency of 490 me/s, an airborne aid for night

fighters (A.I.). The Glant Wurzburg G.C.I. system could guide
the fighter into visual range of the bomber under fsvourable
conditions, but the Lichtenstein was often a necessary and
always a uszful adjunct to it,

The Freyas were deployed around the enemy-occupied coast to give

e
eontinuous gover on single aircraft at 10,000 feet out to a range of 70=80
miles, Sets were also placed inland on the G.C.I., sites to help in putting
the narrow beams of the Giant Wurzburgs on to targets, The Wurszburgs for
gunfire and searchlight control were deployed in strength in the many gun-
defended areas, while the G.C.I. sites were arranged in 2 belt round the
northera and western approaches to Germany. Each pair of Giant Wurzburgs
was used to control interception of bombers passing over a fixed area or
Ybox! of territory surrcunding the site and contiguous with the "boxes' of the
next pairs of sites in the chain,

The sequeace of events in the German system was that the Freyas secured
early warning of the approach of a bomber force and alérted the defences,
Fighters became airborne, if they were not already carrying out exercises, in
the G.C,I. boxes and guns were mamned in the gun-defended areas on the

probable bomber route, In the G.C.I. belt the bomber was likely to be

tracked first by a Freya, then by a Giant Wurzburg and then by the Lichtenstein

carried by the fighter, There were thus three radar stages in the G,C.J. 7
process open to countermeasures and, in addition, the radio communication
between ground control and fighter, vital to the success of an interception, <.
could be attacked., In gun defended areas the Wurzburg was the radar control
both for prediction of blind fire or for the laying on of searchlights to allow
data for gunfire to be obtained visually.,
Brief History of Radio Countermeasures ai

The first attempt to counter eneuy radar was applied unoffiecially and in
an unorganised fashion by aircrews who gained the impression in 1940-41 that |
switching on their radar identification device (I.F.F,) embarrassed the enemy
searchlight control. This idea was after iavestigation exploited in the

s Shiver,
first countermeasure deliberately simed &the Furzburge wf in

Qectober 1942,
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At the beginning of December 1942 countermeasure Mandrel was introduced
to jam the Freyas. This was followed, partly no doubt as a consequence, by
the enemy's introduction of other early warming sets, the Hosrding and tha
Chimney during 1943.
In July 1943 countermeasure Window was introduced as 2 counter to the

Wurzburg and the Lichtenstein. This countermeasvre was not an electrical

device but consisted in the production of large numbers of spurious
responses to the enemy radar by means of quentities of metal foil released
from the bombers. Almost immediately afterwards, the enemy largely
abandoned G.C.I. and took to directing fighters en masse by direetions
transmitted from the ground to areas where they might hope to contact the
stream of bombers and find targets for themselves with their eirborne radar,
Neither type of Wurzburg, was, however, supplemented by other apparatus but
both were used to plot the course of the bomber streem and were modified in
various ways in attempts to overcome the effects of Window sufficiently for
use in gunfire control.

In February 1944 an electrical jammer for the Wurzburg was introduced

as Carpet II« The Lichtenstein was also attacked by mcans of electrical

Jamming applied from a ground station, Ground Grocer and an airborne jammer
Grocer was also prepared. However, early in 194}, the enemy superseded the
Lichtenstein by another A.I. known as S.N.2. When this was discovered in
July, specially prepared Window was employed as a counter. Later, an
electrical jammer, Piperack, was directed against S.N.2 by specialist
aireraf't of No. 100 Group.

In support of Operation Overlord, sn extensive scheme of radio-
countermeasures was employed. This included the jamming of the Freyes by an
improved technique in using Mandrel and the production of simulated forces
by the use of Window. After the invasion, the new Mandrel technique -
the Mandrel screen ~ and Window-nided feints wers used in support of
bombing operations.

The enemy countermeasures during 1944 were almost wholly designed to
make use of British transmissions as an aid to or replacement for his radar.

Thus, an early warning apparatus, the Heidelberg, was introduced which used

transmissions from the British C.H. system, measuring the path difference

/ between
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between pulses received direct and received after reflection from aircraft,
An elaborate airoraft reporting system was set up in which ground stations
uarqhed for signals known to be characteristic transmissions of British

bombers and were able by this means to obtain early warning of the approsch

of a bomber force and to plot its course continuously. In addition, night

fighters were equipped with apparatus which enabled them to home on

transmissions from bombers. The countermeasure to these methcods was to

restrict bomber transmissions, and became known as 'Signals Silence’.

For eonvenience a list is given below of the dates on which the

various countermeasures and other defensive devices employed were

introduced,

Dates of Imtroduction of Radio Aids
Radio dids Date of os8e

Imtroduction
Switching on I.F.F. late 1940 Interference with enemy searchlight
gontrol.
J Switch of I.F.F. 8/9. 7.42 Wurzb mming,
Morkey (later Shiver) 13/14e10.42 Wurzburg Jjamming.
Beozer 13/1het1o42 ail-warning.
Tinsel 2/3,12.42 Jamming enemy ground to fighter
‘ R,/T on 3"6 mc/‘o

Mandrel 6/712.42 Jamming Freye,
Ground Cigar 21:224 5043 Ground based jamming of eneany V.H.F,

Monica I (Aural Monica) 22, 6,43

fighter R/T on 38-42 mc/s.
Tailewarning device,

Grocer 26/274 Lel3 Ground based jamming of
Lichtenstein EC,

Window 24/25, T.43 nfusion of Wurgburgs and
Lichtenstein BC,

Airborne Cigar(A.B.C.) 7/8.10.43 Jamming of enemy V.H.F, fighter
R/T on 38«42 mo/s

Corona 22/23%,104.3 Confusion of enemy H.F., broadcasts
to fighters,

Fishpond October 1943 Tailewarning.

Monica IIT(Visual October 1943  Tailewarning,

Torh Honice)

Dertboard 16/17.126443 Jamuing enemy MF broadcasts to
ﬁshtu'.o

W'T Corora (Later 28/29, 1.4l Jamming enemy HF W/T broadcasts to

Drumstick) fighter,

Carpet II 24/25, 3elih Warzb Jammer,

Fidget 16/17s 6oliks communications passed by MF
navigational beacons,

Mandrel Screen 16/17+ 6ol Jamaing early warning equipment by
specialist aircraft,

Jostle (HF) b/5 Telsh Jamming enemy HF broadcasts to
fighters,

AL 5. (T) 18/19. 7.4k Blind firing + tail-warning in rear=
turret,

Type M Window 23/2he 7.4 Confusion of {haZe)e

Jostle (V.H.F,) 11/12¢ olihy Jamming enemy fighter broadeasts on

Dina (Later Piperack) 19/20,10.44 Jamming S.N.2,

/Methods
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The countermeasures mentioned above, with the exception oflgégagack

and.giocer, for which little 0.R.S. work other than discussion of their
desirability, was carried out, sre dealt with individually in the sections

which follow, BMethods of assessing results will emerge in each section but
certain aspects of this matter, in particulsr the sources of information
used, are common to all the countermeasures.

The objeet of countermessures was primarily to reduce losses and
evidence of success in this direction was always sought. BMost of the
countermeasures against enemy radar were expected to reduce the losses of
the force as a whole and in considering these the only profitable comparison
lay between losses before and after the introduction of the countermeasure.
ﬂhé%rtunately such comparisons were extremely difficult, in view of the muny
changes other than radio-countermeasures which occurred, e,g. types of
bomber operating, targets attacked, tactics, conditions of weather and the
state of the moon, and chunges in enemy methods or equipment, Whenever
possible comparisons were made in ways which eliminated some of these
variables, Thus, the losses of one type of aircraft on a selected group of
targets might be considered. However, results were always meeded quickly in
order that the need for any modifications or change in the scale of the
application of the countermeasure might be perceived without delay,
Therefore, it was frequently impossible teo wait until sufficient sorties
had been flown to provide numbers in selected samples large enough to
permit statistical handling, Allowance had therefore to be made for
factors other than the countermeasure by Jjudgment and decisions taken in
the light of the information available. The nuwbers used in the general
comparison of losses were obtained from the statistics maintained by the
0.R.Se

The eountermeasures were expected to produce their effects by
interfering with the control of specific German arms, .and it was therefore
possible to seek changes in the effectiveness of those arms, An index of!
the effectiveness of anti-aircraft fire could be provided by the extent of
the damage inflicted on the bowbers by flak. Fighter activity could also
be gauged by the proportion of bombers reported as attackead or damaged by

fighters, The statistics of damaged aircraft were obtained from the special

RESTRICTED /returns
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returns made to the 0.R.S. for every damaged sortie, Information on the
number of fighter attacks made was derived from the reports of aircrew as
made tb Intelligence immediately after esoh operation and forwarded to
Bomber Command on Form 'Z' or from the detailed 'Combat Reports' required
for each occasion when a bomber either fired at or was fired on by ancther
sircrafte In some early analyses during 1943, the nuaber of approaches

by fighters reported in aircrews were taken as a measure of fighter
activity, It was found, however, by the indications of some curious results
and by the ebservatbns made by 0.R.S. officers at interrogation of aircrew
and at the compilation of the Porms *Z' that the reporting of these
incidents was eapricious, Reliance was placed therefore only on repor"éﬁ on
incidents where the bomber or the fighter opened fire.

Comparisons using the indices of flak or fighter activity was subject
to the same interference by multiple complicating factors as has been noted
for those using losses as a basis, They were, however, potentially useful
a® indications of the particular part of the eneny's system most affected
by the countermeasure under consideration and, in addition, in the case of
flak damage, usually involved larger nwibers of aireraft than did loss
comparisons, thereby permitting more detailed snalgsis.

If a countermeasure was expected to affect specially the protection of
the airoraft carrying it, then it was possible to assess its effect by &
comparison ef the records of those aircraft with others engaged with them on
the same operations, Thisg method of assessment although freed from most of
the complications besetting the comparison of records of different periods
of time had its own difficulties, The method was more applicable to the
consideration of the effect of the devices fitted into individual boubers
to warn them of hostile activity than to the assessment of the effecis of
direct counters to radar,and its difficulties and developments will be
considered under ‘Tail-Warning Devices'.

Apart from the attempts to estimate the quantitative effects of
countermeasures, it was frequently possible to learn something of the
effects by observations of the enemy reasction to their application. This
was largely a matter for Intelligence, but sometimes the reaction could be

/deduced
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deduced from the reports of aircrews and could be detected by C.R.3.
methods, Thus, the position along the bombers' route at which fighter
activity was experienced might be indicative of changes in the enewmy
system in which euse the nmormsl reports of crews would suffice or some
specific effect like the behaviour and effectiveness of searchlights might
be sought by having the crews mske a special report on a pro~forma prepared
to extract the expected information. Other effects could only be
perceived by Intelligence methods, e.g. changes in frequency of enemy
radsr could be perceived by listening equipment, as could the reactions of
the enemy fighter controllers. Such methods frequently gave the earliest
gqualitative informsticn of the success of our countermeasures and were of
great value,

I.P.F. Mark II, the J Switch and Shiver (ofn

Exploration
Persistent reports from aircrew that the switching on of I.F.F.

Mark Il was followed by dousing or falling away of enzumy searchlights caused
considersble coatroversy during 1941, Was it cause &nd offect, and if s0,
what was the cause and what was the effect Y Ifsthere was genuine Jamaing
of enemy radar it was desirable to mske the mosi o1 the effect but ir,

a3 was argued by A.D.I.(Soience), the enemy might deliberalely eacourage
the switching oa of I.F.F, for ends of his own, then the use of I.F.F.

must be restricteds The C;R.S., in September 1941 after examining the
available evidence and the several theories, round that no firm conciusion
could be reached. 4 Judicisl sumadng up and & programme of sction
designed to produce evidence necessary to pemit a definite decision to be
resched were put forward (Bosber Command O.R.S. Report No. 10 *The Bffect
of I,F.F. on German Seamhlightl‘).(1)

The programme went to the root of the matter in requiring a full
investigation into the mechanism of the effiect and suggested special
esperimental flights in "flying laboratories' msnmned by scientists. It Was
discussed at a conference held at Bomber Command on 26 September 1941.

The general principles were acoepted and it was agreed thet 24 sircraft

should be provided with a simple visual indicator designed to revesl
(D)
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whether the I,F.F, was being triggered off over enemy-held territory.
One flight was made with such an indicator, The results of the flight
werey, as 'upmta&, inconclusive, but they showed that %he indicator was
probably capable of giving useful informstion (Report No. 16 'Effects
ebserved by Bomber Crews using I.F.¥. fitted with Visual Indimtor').(1)
Information about the precise effects observed by aircrews was also
gathered by personal interrogation but this only confirmed the conflict
of evidences.

The 'J' Switch

Before the full programme of in'wéstigating flights could be
launched, the capture and examination of the Bruneval Wurzburg revealed
that there was a possibility that a squittering I.P,F. could interject an
interfering radistion into the I.F, stage ofthe Wurgburg receiver,
Without further investigation, therefore, it was decided %o make the use
of squittering I.F.F. universal throughout the Command by ineorporating
a modification into the I.F.F. set to enable s permanent state of
squittering to be produced by the closing of & switch, This modification
was called the 'J' switch,

The 0.R.S. prepared to investigate the effects produced by this
device, A questionmaire dealing with illumination by searchlights was
drawn up and sent out to all squadrons %o be filled up for every operation=-
al sortie made with the 'J' Switch,

The replies to the qﬁestiomire colleoted over a period of one
month were analysed (Bomber Command 0.R.S., Report No, 50 'The Effect of
the use of the 'J*' Switch of the I,F.F. on Enemy Defencea'gz)‘l'ho whole
force was equipped with the 'J' switch, snd the only possible basis of
compsrison was the number of illuminations by searchlights suffered by
aircraft using the device only after illunination and the corresponding
number for aireraft who had the switch closed continuously. It was
assumed as probable that, if the switch produced sny effect, beneficial or
evil, such an effect would be much more pronounced for aireraft using it

all the time. No difference was found between the two classes, Some

(1) AH-B/T[391.
Q)
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previous records of searchlight illumination were available from

answers to a questionnaire used for a month in March/April 19L2,
Comperison of these with the resultes obtained after introduction of the
*J' switch, insofar as the nature of weather conditions and target,
permitted it, also fauiled to show any change which could be attributed
to the 'J' switch, The proportions of sorties missing, damaged by flak
and attacked by fighters for each of the operations when the 'J¥ switch was
used compared with corresponding proportions in previous comparable
operations, For this purpcse ‘comparable' eperations were operations
reasonably similar in regard to geography, weather and stete of the moon.
Again, no evideace ror en effect of the 'J' switch was cbtained,

The replies to the searchiight illumination guestionnaire did fa
reveal that many crews had confidence in vhe 'd' switch and Report Noe Ebh
which presented the results of the analyses referred to above, promounced
the following judgment: ‘iny device which gives crews an additional
sense of protection is useful provided that it has no advérse effect on
other directions, Such an aid may reduce losses and should certainly
tend to increase the proportion of airoraft finding the target'. A4s
the further development of countermeasures oontinually provided results
impossible to assess gquantitatively, this pronouncement came to apply
to many equipments later,
shiver (Monkey)

While the operational trial with the 'J* switch was in progress,
7?.R,E, were devising s further modification to the L. F.F. seto The
effect of this was to improve the power radiated in the frequency band
which exsmination of the Brumeval ¥urzburg hed suggested as most worthy of
attention, Report No. 50 desling with the inconclusive results obtained

with the 'J' switch, recommended operationsl trials with this new

modification,

(1)
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In discussion with the Signals Staff a plan was made for assistance
to be given in assessing the eff'ect of the new device by confining the
installation to one group for an initial trial period. This was agreed,
and No. 1 Group was fitted with the deviece which was given the code name
of Monkey, later changed to Shiver L.

There was & natural aversion to delay the full imtroduction of any
device which was designed to reduce losses, and when the fitting of No« 1
Group was complete, installations in other groups followed. Thus, the
period availsble for & direct comparison of 'Pitted® and "non-fitted’

'airoraft was very short. Hezd records been kept of the dates on which the
various aireraft vere equipped more data would have been available for
analysis. As it was there were only two opersaticns in October 1942 in
which Wo. 1 Group alone had the device. An 0,R.S. investigation was made
by comparing the casualties of No. 1 Group with those of the other groups
for these two operations, This comparison revealed no advantage in the
use of Monkey, The intercepted night fighter R/T for the first night of
operation Monkey did, however, contain four references to interference.
These were not regarded by the 0.R.S. as:anything but a hopeful indication
but they helped to precipitate the fitting of the whole force, Thereafter,
no attempt at assessment of the value of Moukey, or Shiver as it then
became known, by comparison of users and non-users was possible.

Use of Shiver continued until the introduction of I.F.F. Hark III
became imminent. An assessment then became necessary since the retention
of Shiver with Mark II inveolved s duplicate I.F.F. installation. Such
facts as were available were marshalled and presented to the Signals stafT.
The bases of assessment were comparison of the incidence of flak damage
before and after the introduction of Shiver, indications from Boozer(1)
equipped eireraft that they were held by Wurszburgs with Shiver working and
gvidence from intercepted snemy night fighter contrel {raffic. No

evidence that Shiver had a protective effect could be shown and as

(1) A device discussed on page L73.

/ arguments
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arguments against retention of the device it was pointed out that
interference with our own Gee-H stations and with Gee hed occurred and that,
noreover, if any effeot had been produced the enemy had had ample time to
introduce effcoetive counters and might then attempt to home on the radiation.
Tt was sugzested that experimental fliehts with Boozer or with special
listening equipment would determine whether Shiver was completely without
effect on the Wurzburzs. The arguments azainst continuation with Shiver
were, however, accepted and these trials were not carried out.

M AN DL
Preparations for Mandrel '~27..

In early considerations of the effect of countermeasures against enemy
radar, the 0,R.,S. slways placed the greatest stress on the need for jamming
the Wurzburg equipment, the §ear directly controlling offensive weapons.
Thus, 0.R.S. Report No. 4,(1 referring to countermeasures against the
enemy's coastal radar chain on 250 cm, stated '‘These are not considered
vital to Bowber Command's night operations unless these stations are being
used for "Little Serew"', the name by which the enemy G.C.I. system was
then known, The problems of designing jamming %trxensmitters proved,
however, to be easier to solve for the early warning chain of Freyas than
for the Wurgburgs and a device known as Mandrel came into production in
1942, This equipment was a noise jammer designed for airborme use to cover
the frequency band of the Freyas. A fixed form of the equipment was also
designed for operation from stations on the south coast. The design of the
equipment was, of course, the responsibility of T.R.E., who also estimated
the proportion of bombers which should be fitted with the device. The
O0+RP.S, was still stressing the greater need for Eggggggg jamming, but in
discussions during 1942, welcomed Mendrel as a firsf instalment of radio=-
countermeasures, particularly insofar as it misht prevent the use of

Freyas as putters-on for Wursburgs. Little detailed work was, however,
vorried vut before Mandrel beceme operational.

First Use of Mandirel

Mandrel was first used on 6/7 Dacember 1942, and its eff'ects were :
sought by the 0.R.S. with considerable care. The largest ecxpected effect
was the reduction of the enemy's early warning of the approach of the

bombers. An attempt was made, therefore, to assess the effect by comparing

(1) / the
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the time intervals between the bomber aireraft crossing the enemy coast and
the initiation of enemy fighter activity, before and after the introduction
of Mandrel. The indices of fighter activity used were the first operational
night fighter R/T hearg and the first reported time of sighting an enemy
fighter by a bomber crew. The records of ecsstal monitoring stations were
also examined in order to discover sbnormal behaviour of Freyas which could
have vesults from Mendrel. At the same time the losses of aireraft carrying
Mandrel were compared with those of other aircraft in order thai any attempt
by the enemy to select the ecarriers for special attention saould be
appreciated without delay.

The results obtained were discussed with the Signals branch: as they
became mpperent. They included some encouraging features, particularly
in regard to enemy frequency changes, but during February anxiety developed
sbout the losses of Handrel-corrying aireraft. As was later true for many
similar investigations, elucidation of the true faects was hampered by
unsatisfactory and often conflicting information from the squadrons as %o
which aireraft used the equipment.

The comparative position in regard to losses together with the
evidence for the effectiveness of Mandrel was stated in two notes passed %o
the Signals branch at the beginning of March 1943. The first of these,
considering the resulis to the end of February, expressed considerable
anxiety about the hazar&slpf'Manﬂrel aireraft in view of their comparatively
high losses during the second half of February, and of a reported
manifestation of hostile aetivity against the fighter aireraft which were
forming a Mandrel screen, The second report included data for the first
week of March which indicated a reassuring trend in ¥Mandrel losses. This
report, meking the point that the evidence avallable only showed an effect
of Mandrel on coastal Freyas, suggested that Wandrel should be switched off
when the enemy coast was passed or alternstively that fhe jamming should be

carried out by speecialist aireraft better sble to defend themselves than

the operational bomber.

/ The
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The Signals branch which hsd been allayving the feurs of the squadron
about homing with well-chosen data on Handrel losses were rightly anxious
that no step should be taken which would increase such fears. lioreover,
the Mandrel sets were being molified to produce a3 * me/s wobble in the
carrier frequency in order to hinder direction finding on the source of
Jamuings It was therefore decided to await flurther resulis and the
investigation continued regariing the delaying action of Manirel on the
enemy's reaction and also losses.

Freya~iialbe, an Enagx Homer

AL the end of March the losses of Mandrel aireralt were shown to be
similar to those of other airer:ft,but tnere was no evi&enc:T?;om the time
of the first night fighters R/? traffic picked up or,from the time of the
first interception of a bomber thet any delaying 2ction was being produced.
During Mey 1943 information became aveilsble thoet the enemy was developing
a homer for use against Mendrel known as;Frgxa-ﬁalbe. The 0.R.S.
maintenanaehggh;tatlstics of 1os;§§J;s; usefﬁi in showing that no effect of
the use of such a device could be detected, Nevertheless, the threat
could not be ignored and discussions on protective messures were carried
on with the Signals branch and T.R.E., and with Fighter Command who carried
out homing trials against Mandrelwequipped airereft. The 0.R.S. function
was largely to interpret the flight trial results in relation to Bomber
Compand operztional conditions. The fipal decision wes that Mandrel
transmissions should be interrupted so thet two minutes radiation was
followed by two minutes silence.

The evidence relatinz to the effectiveness of Mendrel,and to its
effect on losses of aircraft carrying i%,was summarised in July 19,3.

It had to be concluded that the 0.R.S. methods of analysis failed to reveal
an eff'ect owing to the opernstion of many conflicting factors and that the
only evidence of value was that provided by secret sources. It was pointed
out, however, that with the imminent introduction of Wurzburg jamming by
Window, the jamming of inland Freyas would become of prime importance and
that steps should be taken to increase the effective application of Mendrel

and to survey the frequency distridbution of the inland Freyas.

/ Close
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Close watch was kept on Mandrel losses, but apart from a brief peried

of excessive losses by Nos L4 Group Mapdrel aireraft in June 1943, no cause
for anxiety appeared until tne end of the year when, in No. . Group, losses
of fitted aircraft again begsn to rise relative to the others. Although
for No. L Group there were heavy odds against the differsnce between losses
of fitted and unfitted aircrsft occurring by random chance, there was no
spprecieble difference for other groups. Even in Noe 4 Group, returning
Mandrel aircraft did not report attacks by fighters more frequently than
did others. An investigation was made therefore into the possibility that
in Noe 4 Group, the aireraft fitted with Mandrel were in some other way a
special class, e.g. they were flown by inexperienced crews. No
idiosyncrasy was, however, found and no adequate explanation could be
offered. The results were circulated within the Command Headquarters with
the suggestion that as no vhysicsl explanation could be fourd for the
effect, Mandrel operation should be continued end if possible increased
with a more extended frequency coverage. ('Losses of Mendrel=carrying
sircraft, November 1945 =~ January 19&4'}(1) Further experience showed that
this advice was sound, for losses subsequently fell alike on the fitted

and the unfitted aireraft, end Manirel proved to be of great value in the
re-entry to the Continent, an operation wnich was now begianing to pre=-
occupy both the planners and producers of equipment.

The Mandrel Sereen = Preliminary Planning

It became obvious early in 1944 that eay substantial increase in
Mandrel coverage of the bomber force was unlixely to be possible until
requirements concerned with the invasion of Eurcps were satisfied. The
0+ReS. studies of eneay fiziaber tactics had long since led to the view that
any delays in the enemy's perception of the direction of approach of a
raiding force would reduce losses. Therefore, when tpe formation of a
specialist Mandrel squadron with full frequency cover over the enemy's
early warning chain was mooted as & possibility for use in the landings .
in Burope, it was pointed out that such a scuadron would be of zrest wvelue

to the bomber force. When the crcation of this squairon had been agreed

e - —— i e A Sl R Y, . g g - - -

(1)
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and when assault preparsations had also stimulated the development of a type
of Window coverinézﬁzaya band, some discussion on the future of Mandrel took
place with the Signals branch. It was agreed that the O.R.S. would prepare
an appreciation of the situation. The result was Report No. S.148 = 'The
Possible Uses of Mandrel and Freya-Window against the Enemy Zarly Warning
Equipment’'. sl This paper made no attempt to draw on past experience, but
was a theoretical treatment of the way in which Mandrel in the gquantities
aveileble and Freya Window could be used to achiieve screening of the approach
of = bombing force, prot:ction =2ga.nst G.C.I., by indand Preyas and the
simulation of a bomber fcree by small numbers of aircrafi. It was argued
that:=

(a8) the concentration of aireraft in the bomber siream was large

enough without further aid te prevent g 'gréﬂé I] except on the

edges of the strean, but the Mandrel shouli be retnined in the main

force until there was evidence of enemy exploitaticn of the

radiation for plotting or hominz in order to give protection to the

edges of the stream.

(b) the approach of a foree could best be screened by disposinz the

svecialist Mandrel aircraf't af suitable positions some 50-70 miles

from the ememy coast, the positions to be chosen speclally to cover

the route concerned.

(¢) good diversions could be produced by about 24 aircraft relossing

Window,.

(d) Mandrel screen and diversions which could most profitably be

used together, should be employed with maximum possible variation and

should be used to rouse the enemy deflences on non-operational nizhts.

It was also susgested 4hat the value of screening was great enough to
justify forming & scrzen withk Mardrel cover only against the long range
Hoardings and Chimneys as en interim measure while full cover for the

Freyess was prepared.

Mandrel Screen = Tactical Planning

On receipt of this paper the Commander-in-Chief Bomber Ceammand
ordered thst deteiled pl=ns should be prepared for the operation of the

Yandrel screen and Window-aided spoof forces. 4 mep of the known

(1) AE.2./11/69/175(B).
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positions of the enemy early warning radar stations was prepared, and for a
large numbar of positions of a set of eleven jamming centres, the areas
screened from enemy observation was calculated, The first process was to
select s distance from the coast for the jemming eireraft to fly. This was a
matter of judgment since the demende were conflietinge The closer the
jammers were to the coast the more the screened area would decrease since the
spacinz betwesn centres is governsd by the beam width of the enemy radar. On
the other hand it was felt that it was desirable for two forces to emerge from
the screen hesded in a wey which would imply threats to well separated targets.
It wae evidernt that this could only be achieved if the scrsen were well away
froﬁ the enemy coaste The msximum distance possible witn the operation of
monitoring necessesry with Hardrel ITI was 80 miles, and this distance was
selected.

Even at this distapce it was decided that complete cover =zgainst the
narrow besmed Hoardings was not possible if sdequeate breadth of cover were
to be provided. Since the screen could not delay early warning sufficiently
to prevent fvll fighier reaction against o single bomber stream flying
anything but & very shallow penetration, it was considered that the aim of
the screen should be maximum confusion rather than full black=out. Therefore,
complete cover sagainst the Hoardines could be sacrificed to produce increase
in bresdth of the ares of screening.

These judgments having been rezched, the whole matter was discussed
at Noe. 100 Group and quantitetive estimctes of the cover nrvovided for
certain positions of the screen were made., The methed used was to pin on
the m=2p of the German coastzl radar paper triangles eut with their apex
having the value of the beam width of the radar concerned, to place the
Janming contres at about 60 milas off the coast, and to determine the
positions which promised the best screemed area, The expected limits of
the screcned area were caleul:ted on the basis that jr:nrﬁn.:; would be =dequate
at a signal to noise ratio of 1 to 1, ani the best heirhta for the screen
eiver=ft to fly at the verious positions were calculated from %he xnown

characteristics of the jnmmers and of the enemy equipments. When the areas
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of screening were determined, the routes and timing of raids and feints

through the screened srea were considered in the light of knowledge of the
enemy's probable reactions derived from study of fighter movements on recent
operations.

The problem was complicnted by tho destruetion of early warning sets
on the invasion preparation aai finally & considerasble readjustment was
imposed by the capiure of Cherbouirg. Thus, b the time the plans were
fully prepared and issued within Pomber Command (Bomber Command 0,.R.S. (1)
Report No. B.216 'Proposals for the Tnctical Usc of the Mendrel Sereen'),
the screen hal slready commenced operations, and the changing military
situation was already nf{ecting the enemy's rezelicns. The general
principles developad in the report were, however, indeponient of particular
circumstances and were useful in planning screen and diversion cperations.
The preparation of the report is deslt wilth at some length here 2s an
exanple of how in an 2pparently largely quantitative matter, many
conflicting claims had to be resolved by judgmsnis.

Mandrel Screen = Assessment of Results

nesults produced by the operation of the Manirel Screen and of Window=
eided diversions were sought by the 0.R.3, both at No. 10C Group and at
Bomber Command. The changing military situstion =nd the introduction of
other countermeasures spoiled any cvaluation b comparison of losses or of
the extent of fighter reaction for pariods before and after the use of the
sereen. It was necesssry to give individuel atterntion %o 2ach operation
and. Yo compare the time and nature of the enemy's reactinn as revealed by
his W/T and R/T plots on the bouber position »nd orders to fighters. It
was clear that, althouszh thora wera fraguently enemy plots of bomber
positions benind the #andral seraen, in general the -xpected area of
confused and isolated plots was being produced. Tt was not possible to

discover sny system in the appearance of early plots,

(1) A.H.B./ITM/a1/he Apn. 0.F.S.

/ The
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The Window=aided diversions also sezmed to have success but also to fail
occasionally without any obvious systematic cnuse. It did appear, however,
that thé Window diversions had their best successes when direoted towards
areas which had recently been heavily attacked and about which the enemy had
been made sensitive while the rs2al bomber force attacked 2 target in another
area, The results were thus more or less as exnected, and in writing an
apprecistion of the Tirst five weeks of operations (Bomber Command 0.R.S.
Rsport N€.\3.172 'FPirst Operations of the Mandrel Screen and Special %indow
Forges') 1}attention could only aza2in be drawn to the deficiencies in the
sereen snd diversions which had been referred to in the two papers on the
sethode of employment of the Screen (Report Nos. Se44€ ~ni B.216) and to one
nev development, revealed by investigating flishits, an enemy early wsrning
system on & frequency of =zbout 36 me/s. It was recomnended that:-

(a) Csrpet be fitted in the jamming aireraft to prevent nlotting by

coastal Furgbures.

{t) MYeasures tc cnsure the maximum possible restriction on radiation

from the aprroaching bomber force should be accelerated together with

the inclusion en diversionary forces of any radiator wnich had to
operate in the homber force.

(e) Steps should be taken to provide for jamming of the suspected

enemy 36 me/s early warning set.

(d) ‘triels of a Windew diversionary force saould be made ngainst

captured enemy equipment,

(e) The investigating flights of No. 192 Squadron siould be

supplemented by use of Bagful i in the bomber force.

With the exception of (e) 211 these redommendations were earried into
effact, although (d} had to walt until March 1945 for ites fulfilment. The
recomnendations put on paper in orderly feshion were already common thought
at No, 100 Group, and in the Signsls branch =t Bomber Gﬁmwand, but s in
other cases their issue in official form with a reasoned backing no doubt

heiped to produce action.

(1) AJH.R./I1/69/28k.

(2) 4 dcvice for recording enemy frequencies.

/ Investigation
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Investigation into the effecetiveness of scereen and diversions continued
without revealing any new enemy =eans of defeating their object, It
became suspected towardes the end of 1944 that the enemy’s broadcast plots
and directicns did not begin vhen he obtained his first plots but were
timed so as to sustain for British benefit an illusion that the screen was
delaying his action somevhat longer than was in fret the case. There could
be 1ittle cheek on this. An sttempt was made by comparing the times of
first plots with the times of switching off eneny brosdeast tramsmitters,
with incomclusive results. Examination of the data concerning the
sceasions when enemy fighter movenants rpreared tc precede plots of the
bonbers®' position sugrested tiant no more then t ¢ is%elligent snticipution
of the direction of attzeck h»i Leen made, based sither peseibly om &
rosition of the Mandrel asireraft or on intrider sctivities.

Unfortunately for the purposes of inyvestigation the few scsasions when
Hardrel was not used wore marked by some other peculiocritw and gave no real
clue to the caemy's state,

The efficiency of the Manirel screen came into question after the
miligary advance to the Knine, and = final appraiszl of its value was made
in a minute to the Air Staff on 3 April 1945. This sumrarised the
investization of operations for the moaths of Pebruary and Warche In effect
the result was that obitained throughout the pecriod of the aperation of
secreen 2nd spoofs, namely that sometimes they worked and scmetimes they did
not as was to be expected from their knowm deficisncies. Tt was pointed out
tha% %he enemy had besun to associate the sppearance of the sersen with an
operationil threat and that low level approaches without a sereen would
probebly achieve a surpriss. Heavy boading becnae unnecessary before
farther developments could be pursuved.

The end of Main Forece Mandrel

The withdrawal of Mandrel fron the bozbing {oree is worthy of comuent.
In early May 194 suspicion grew that the cnemy was operating an AlT. equip=
ment in a frequency of 160-17C mg/s, Hethods of counisring this were

discussed with the Signels branch, and it was concluded that Window could be

/ supplemented
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supgiemented by modification of Manirel sets to cover thc reguired iask.

The condlusion reached in Report los S.14B thaet the oconcentraiion of the
bomber force was high enough to defest Freyz G.0.1. was accerted as
permitting withdrawal of Mandrel from its original duty of jaaming the most
porulous Freya vands TeRede rezcted agalnst fhe propossl polating out that
the jsumine of the A.I. by modified Manirels would be inefficient and thai
modification of I F.F. Mark IT would be = betbter vroposiiion., The question
was discussed at length by the Siguals branch, T.E.E. and 0.R.5. 0«R.S.,
while sgreeing wiih the quuniitative arguments of sne T.W.E. view, supported
the Ssrvice thesis that to be able to do something immelisately was to be
preferred to sometning better after a delay which, as expericaced with other
oquipment hal shown, might be very meny monthse Ther: could be no quanti-
tative justification for $ae arugment, It might have beea thaat Mandrel
jemming would nave left the A.I. with enmough rsnge to zive the operators as
many contacts as they could deal withe Ounee again ths Losis of sction wes
julgment, tnis time derived from 2 bslief that snythinz which would give
additional worry to the fighter crews, alrcedy harassed by cormuniecstions
jammed, was worth tryinz., The prineiple of converting Munirsl was scoepted
but no firmer news of the 160-170 me/s A.I. csme in, =l vhen the S,N.2

{50 mc/s) vecame known Manirel was finally withdrawn from the main force

(26 July 194.). The use of leng Vindow erd the desire to restrict radistion
from the msin foree made its re-introluction unnecessary and undesirable.
#inder — (o

Indtizl Comsiderciions

The idea of releesing conducting bodiss from aireraft in order to
confuse radar observations had been in mind sinee the ecavly days of the
development of the military zpplication of xadare. It became an early
interest 4o the 0.R.5, at Bomber Commend, and on 5 Ssptember 1941 in a
memorandum %o D.C.D. experiments on tha subjeet were asked [oxr without delay.
In this memorandum it was pointed oui that the enemy radar used for search--r
lights and flak was working on & waveiongta of 53 om end might therefore be
countcred if each airerai™ carried 2 number of bundles of dipoles of length
2¢ cm eubt from aluminium foil to be thrown out when near ground defences.

/ After
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Af'ter wmany months of discussicn and followinz triasls conducted by
TeReBe, "-Vinﬁow, the code name ellotted to the operation of releasing
conluctine bodies %o Aaceive redars, hecsme sn operaticnal possibility in
Avril 192, A dr=ft instruction for the use of the cousnterumeasure was
pretafe& by the Air Staff 2nd cireulated to the Signals branch ard to O.R.S,
for eomment. The Window mabterial then avallsable was in the lorm of meftal
Poil propaganda leaflets of sizc 9% incbes x 5% inches ~nd = bundle
sufficieatly large e produes -n airsraf echo on the enemy's Wursburg had
bean estimated by T.R.E. a% h% nounds. Thuz thes number of buniles which an
airsrait cowid carry was severely restricted, and moreover, the amount of
matzd el nvallsble was small, Thes =dvice given, therefrre, was to ensure
that best possible use was made of the amount carvied hy defining areas of
use ard vetee of release, Lt was ansgested that the main effort should be
made st the target, the ouly pl=ce where the concentrsiion of aireraft could
ba expected to be sufficiecutly zreat tc give results with émall quantities of
Tinlowse The rates of release required to produce the coneentration of
Window of 10 echoes per square mile reccumenied by TJR.TZ. were worked out,
and it was sugerested that ihe first 20 aireraft over the target release
onad twdle every half-minute over the tarszet, and the rerainder one bundle
per minute for periods of eight minutes in each c2se. It was also suggested
thet aireraft threstened by searchlichts on route should release four
bundles =t half-minute intervals and orbit.

The oper~tional use of Window was banned bef'ore sueh instructions could

be pubk into praectice due %o fenrs of retaliantion by the anmemy, but the

Pl

appreach which hzd heen made towards crersiicral use stimulsted great

interest in the development of the best methods of use.
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The Develonment Staze ;
Espebl 15

Trials were carried out by the iAir Defence Rescarch and De?eIOpment‘““(
with T.i.Ee, with the primery objeet of exploring the effect of Window
on the deflences of the United Kingdom, bub with the secondary object of
deciding the best methods of employment by the Bomber force. These trizls
were watched by the 0.K.S5. to ensure that the secondary object received full
attention, .

On 4 November 1942, the Chief of Air Staff called = meeting of the
interested parties to discuss the next siep. The progpective value of
Window to Bomber Command had therefore to be assessed, and the 0.R.S.
collected and weighed the aveilable evidence. Calculsticns based on the
results of the recent trials suggested that if the enemy G.C.I. gysten was
$0 be neutrslised by mesns of Window, about 90 -cunds of foil ser minute
would have to be discharged by every airersft. It was therefore considered
impracticable to use Window for protection along the route. The usefulness
of liindow was considered therefore to depend on the losses due tc radare
aided defences of the target area. Investisation of thig and related
problems had been znd continued to be an unceasing sroping. The lines of
onquiry available were the reporis of azirerews of their observations
during an operabion, the dameze to returned airoraft, intercented cnemy .
R/T fighter control and odd seraps of information from secret sources,
Eech source of information reguired careful interpretation in o:der to
correet the presumed bias in the sample covered. An aeccount of the results
obtzined from the various methods of asproach msy be seen in Report No. S.51
tNight Bomber Losses on German Targets, 19&2'.(1) In November 1942 the

evidence indicated thaltlosses were being incurred as follows.

Hot due to enemy action

0¢5% of sorties

Pighters en route 2425%
Fighters over the target 0.25%
Flak en route 0465
Flak over the target with aid 1,05
of searchlichts.
Flak over the target without Qulst
aid of searchlishis.
TOTAL 5e0%

It was therefore considered that in view of the prohibitive amount of
Window recuired for offectiveness slons the route, the maximun saving to be

expected from Window was the loss due to radar-controlled flak at the tavoet
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areay i.e. zbout half ver cent of sorties if the searchlishts were not
radar-gontrolled and sbout one end a half ver cent if they were. Because
of the comparatively small benefit expected, of concern lest ¥Window
interfere with H2S and of the much greater benefits anticipated from lionica,
0.1,5. opinion at this stege was luke-warm about Window. In consequence,
the Command representatives =t the Chief of Air Staff's neeting did not
press for immediate use of Window in fage of Fighter Command's onposition
dictated by the serious threat to our own defences which would be -roduced
by oresentation to the enemy of knowledge of the countermessure. It was
agreed that consideration of the use of Window should be deforred for six
months, this peried to be spemt in improving counters to eneny use of it
and in devising the best methods of use and sscertaining the guantities
required for operation of Bouber Command,
Prepexations for Introduction

In pursuance of this direction, estimates of the rates of release of
Window required to defeat the enemy's control of £lak or of fihters by
Surzburgs were made by Fighter Command and by A.D.I. (Science). The
Fighter Command ostimate wes based om a rether stringent requirement for
blacking out comsletely the nresentations of the Giant Vurgburgs and the
S2all Fursburs tc ranges of 15 miles and five niles respectively. The rate
of release called for was five airersft echoes of Vindow ~er minute from
every bomber, elthouch it was susrested that lowsr rates would produce a
useful degree of comparison. A.D.I, (Science) considered thet the Fichter
Command requirements were ummecesserily sovere, but thzt ot the same fime
they failed to take into account the uneven distritution of Window which
would exist within the bomber streem. He concluded that asbout 5/8ihs of
the Fighter Command guantity would be sufficient to male the enemy's
juozburg vmsable and that for initisl use sufficient confusion could be
produced by sbout ome~-Tifth of that am.unt. Further, it was %Unsidered
that, if the Window were rcleased br a special force lying ‘;;wu the
bomber siream, the total amount of Window reuuired would be reduced by 2
factor of two %o three. There were many incomcletely :mm/iﬁi‘fSi%‘é& and it
and it was left to OR.3. to examine the two estimetes judieially and to
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mﬂamiw rate which would give good hope of success ond which
%mhemmmwmmm. Judgonent was pronownced in
Beport Fo. S.79 'Operation wm'.(” The firat conclusion was that xeleeso
by a special force must be rejected owing to a lack of confidence that such
a forece could keep its rosition in reletion to the bombers sufficiently
well, It was considered that the sssumptions mede by 4.D.I. (Science) were
in genoral justified but that, since they were assumptions with only s
gkeleton backing of fact, e saledy margin must be allowed. Moreover, there
was some hope that the release of two bundles per minute would affect
seviously the enemy 4A.I. (Fishter Command Report FG/531389/Sig.d. of
8 Jmmalvl?h_'a).(a) Thoe conclusion reached wae that the preferred rate
ﬁaa two bundlee por minute from every airveraft, but that sulfficient cone-
fusion would be produced on the first few oporations by = rate of one
bundle per minute along the route with two bundles per minute within 20
miles of the target. The increase rate over the terget sree was sucgested
beczuse a comparatively small incresse in welght carried eould ensure
suceess in an agrea m %o contain a considerable concentration of Vurzburgs.
The operation considered for the estimates was an atteck on Cologne
and it was suggested that in view of the wide G.C.I. belt to be crossed,
#indow release should commence and finisfh 20 miles £roa the encuy coast.
The conditions assumed, 300 sireraft spread on a front of 20 miles and
paseing a front at & rate of ten por minute, should, with the height spresd
of aboud 7,000 feet, sroduce & coneentration in space of asbout 0.1 Twmdles
pex cubic mile and a relesse rate of Window of one packet per minute should
produce a density of about one Window echo per cubic mile, i.e. aboul &
quater of the density cstinated as nesessary to black out completely tho

> presentation beyond a range of 15 miles, even aasuming that
the distribusion of Window throughout the bomber stresm was uniform. Cone
sidersble relience wes thus placed on the 4.D.I, (Seience) view thet the
enemy would bDe unable to distinguish aireraft echoes from Window echoes.
fesort No. Se79 recommended that Purther experimental work should be carried

Jout
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out in order %o deteramins the form of Window bhundle which could with the
greatost cconomy in weight produce the appearance of an asircraft echo both

on the Purgburs and on the Lighiensie:
The 0.R.S. estimote wes aecapted by the Command and was referred to -
Alr HMinistry as the bagis for estimating sroduction.

The Chief of Air Staff ealled his promised further meeting om 2 April
1943, in order to consider the operationsl introduction of Window, Neow
estinates of the quantities required made as a result of improvement in the
form of the countermezsure gince the previous meeting in Novomber, had
sroduced a considereble chanze in attitude towards it cince it was clearly

now practicable to apply it all along the bombers' route. Accordingly, the
OeRee view put Yo the Commender-ineChief before the Chief of Air Staff's
meeting was that "there was now a good -~ossibility of seving one-third of
our losses on German targets by using this countermeasure, and that'the
Command has nothing to lose and poesibly much to gain by using it',

The Chief of Adr Staff's meeting st which Bomber Commend was represented
by the Commerderein-Chief and the Officerwin~Charge 0.R.5. agreed to recome
mend to the Chiefs of Staff that Window should be employed as from 1 Uay
1943, and to expend the production of the msterial. This initisted a
period of further ergument on the serits of Window end of drawbecks which
might be expected. The nroposal: for expension of sroduction promptly
generated a clea that the country's sluminium production would be unsble Ho
meet the drain, I¥ wes, however, pointed out thet a bomber comtained about
10 tons of &luminium so that the saving of one or two bowbers s nicht by
Window would leave the country's aluminium supply unimpaired.

Other points in connection with the defences of the U.X, and of North
ifrica arose to postpune the use of Window, The 0.2.5, could do little to
settle these, but gave continmuous sup ord for the earliest rossible uee by
Bomber Command in such discuseions as ercse.

Preparetions f:zq, the introduction wemt on. Nethods of lauwnching f‘ro;a
bomber as.m-aftw;ad ﬁi;ts were mede to tost methods of ejestion froam
existing aniton: Do operational mrea in which dischorrce should 'wke pluce
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hkad Yo be preseribed, The map of the imown positions of the C.l.I.
atztions was exanined ond on aree enbraoing thew wes delineated. It was
w‘that the necessary sconomy in Window would be added by confining
discharge to such an aree. This sugsestion wse accepted snd the map
concerned was atisched %o the operational instruetion on the use of Vindow.

i the use of ¥Window became o more probable evend, it became evident
that some difficully would be experienced in meetin: the Command's needs.
The supply nosition was considersd in relstion to probable consumption and
the conclusion wes ronched that the production planned in mid-July 1943
would be insufficient to meet operational nseds. It wes sugrested to the
AdP Staf? that inditiclly the release rate should be restriched %o one
tundle per minute throwghout an operation, ineludine the target arany and
that shortest -ossible routes should be saken through the G.C.I. sres. Tis
relesse rate wae sgroed, with the proviso thst future zction should be
baged on the resulis obisined in initial operationse

Window came into uso for an attack on Hemburg of 24/25 July 1943, For
this operation severasl O.h.5. officers were at sgusdrons to obtain £rom the
crews Tirst-hand sooounts of visible effeots of the countermessure on the
enemy defencos and of the difficuliies exverienced in Jdischargin- the
tundles. They wers snble fron the crews' pocounts of the feeble behoviour
of sparchlights mnd of the detericration of flsk defences to arireciate
thel ¥indow hed hed o telling offeot. They sluo learnt that better mediods
of opening the bundles, packing thew znd of ejeotian from the sircralt,
were deairable,

The svidence concerning the first two VWindow operstions was susrveyed
with gweat care end wns presentod in Ovie5, Reports Ho. 5.95 'Immedizte
{epert on the use of Window on Hamburg, 24/25 July 19&3,“) and Bo. 5,96
*Interin Keport on the use of Vindow on issen, 25/26 3&13.‘2) The success
of the countermeasure was asseseed iaking as ysrdeticks bomber losses and
the indices of enenmy defensive aetivity mrovided by the proporiion of i
bombers demaged by flak, attashed Yy fighters and damoged by fichters. The
values of these indices for the Window operations were coeﬁ,::amd with the
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correspondinz values, for operations against the same?:inﬂ.lam targets
durinz the previous years In addition, the intercepted enemy night
fighter R/T was combed for evidence of the type snd extent of Window
interference. This source made it abundantly clear that the enemy was
completely confused and was not readily able to distinguish Window echoes
from true aireraft echoes, a supposition which had been relied on in
estinmating the quantities of Window reguired.

In addition, en attempt wes mede to determine the nosition relative to
the remainder of the force of the bombers which were lost or of those which,
fro:.n their reports of demase or attack, had received attention from the
enemy def.’anqea. dIt was hoped that in this wey to discover how complete
was Window froduction within the main bomber stream, how aijustments of
flying height might meke it more complete, and what success the enemy
was having in exploiting parts of the I_f_‘-_a_;;_g{e“ less well protected by Window.

The investigation of individusl raids was continued for some time and
appreciation of the first ten Window operations was prepared (Report No.
8.98 'The Effect of Window on Bomber Opsrationa').(l) The saving of bombers
brought a2bout by the use of Window, asusessed by comvarison with previous
experience on similar targets, was estimated as a redustion of rather more
than one-third,a fraction in good agreement with the forecast made in the
previous November, The losses sustained by aircraft bombing in the several
individual weves of each operation was considered, snd it was shown that
the results expected from the changes in Window cover produced by changes
in flying height were being realised. Thus, & low flying wave following &
bigh flying wave tended to have low losses whereas a high flyine wave
following a low flying wave .ten-led to have high losses. Suggestions were
made for the ordering of waves in such a way that the grestest benefit from
the use of Window would be obtained. These were accepted by the Air Staff,

In addition, an attempt wes made to assess the adequaey of the rate of
Window release., It was not possible to say that the enemy was having
suceess only against siragglers or high flyin; sirereft., It was, of cour:;e,
impossitle to discover for certain which, if any, of the aircraft lost
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were straggling and only a large effort in analysins navigators' logs
could reveal which of the returning aireraft hed been on the edses of the
stream, (This enslysis was considered, but the labour to perform it was
not avéil&ble). The comparison of the losses of separate waves suggested
that not very large diminutions of Window concentration were sufficient to
give the defences an extra opoortunity snd that therefore the amount of
Window dropped could not, with safety, be diminisheds The intercepted
enemy R/T traffic suggested strongly that some G.C.I. equipment was still
having successes, but it was found impracticable to determine its position
with relation Yo the bombers' route sufficiently well to say whether the
victims were stragglers or not. Comparison of the type of orders given in
G.CeI, with those obtaining before the use of Window zlso failed %o give a
guide as to the extent of Window interference. There was, however, a new
form of traffic in addition o G.C.I. apparently involving an alternative,
and much looser form of fighter control, and this was taken as some
evidence that the G.C.I. system was considerably embarrassed. The absence
from the R/T traffic of references to interference on A.I. was difficult to
interpret, It was poseible that the Window was having little effect on
this apoaratus, but the possibility that good enemy security had prevented
references to A.I. resirained conclusions on this point.

There was thus no good evidence from operations concerning the desirable
concentration of Window. t was rTeasonably clear that no great reduction
could be made, and it was recommended that release rates should remain
unehanged until further experience had been gained with an improved plan
of waves of attack.

Expansion of Production

The success of Window, following & period when the need for secrecy had
severely restricted the spread of production, called for immediate planning
for expansion of production. Since lerge gquantities of material had to be
imported, orders had t0 be placed to cover a long veriod ahead and O.R.5.
mearkad in July 1943 on o task which was to recur at freguent intervals f
until the end of the Europesn war forecasting the probable future Window
consumption of Bowber Command. This involved guesses at the rates of

dropping which would be reguired, the distances likely %o be flown through
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areas where Window release was required, and the probable seale of effort,
For the first estimate it wes suggested that = stepping-up of release rates
to two bundles per mirute would scon become necessary and that o further
50 per cent increase within three months must be envisaged. The need for
these incresases was anticipeted owing to the expectation that the enemy
radar operators would socn become used to working through Window, and that
the enemy's new methods of loose control of fighters might meke desirable
a reduction in the bomber concentration. The ectimated requirements of
half-million bundles in Auzust, rizins by 2 quarter of a million huhdles
per month to one and a half millions in December, was put before e meeting
at Air Ministry on 6 August 1943, and was accepted as a bagis for ordering
materials and eguipment,

It was soon evident that production could not be stepped up in time o
meet the consumption estimated, and the O0.R.5. took on the task of stock-
keepers estimating after each operation the amount of Window which had been
used from the wileaze flown and the mumber of aireraft teking part, and
keeping the Adr Staff informed daily of the stook position. On 18 Ausust

1943 the Air Hinister set up a panel under the chairmanship of Wing Commanda

' Jackson now a2t T.R.E., to explore the many problems conmnected with the

necessary increase in Window supply, development of new forms of Window,
end launching Window from sircraft. Bomber Comzand was represented by

the 0.R.S. on this Window panel which was to continue its work until the

end of the Zuropean war.

Through meetings of the Window penel and personal contacts, close
touch was meinbained with the M.A.P. branches responsible for organising
production and estimates of -roduction were carefully considered together
with the figures for stock and consumption im order to prepare for any
measure of economy in comsumption that might become necessary. In order
to prepare for cconomy measures, study of individual operations was
continued. This showed that most of the fighter oprosition wes met om the
return journey and since it was believed that concentration on the outbound
route was much better than on the homeward route, 2 recommendation was wade
that the rate of Vindow relesse should behalved to one bundle in two
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minutes on the outward route zs an experiment. Thie trial was carried cut
in an operation against Munchen Gladbach on 30/31 Aucust, and no
alteration in the effectiveness of Window ocould be perceived. A4t the same
time, studies of the location of combats and of enemy R/T had shown thab
GeCols was being practised in areas not included in the original Window
release zone, and that considerable fighter opposition was developing
over the target aress, presumably with the aid of A.I. (Report No, 80
'Some Notes on the Uefensive Tactics now used by the Enemy - Auguéf 19&;1)
It was therefore suggested to the Air Staff thet the area within which
Window was to be released should be enlarged, that the rete of discharge
within 20 miles of the target should be increased to two bundles per
minute, and that ihe reduced release ralec on the outward journey, elready
tried experimentally, should become standerd -ractice. This was agreed by
the Air Staff, and ut into effeet as from the night of 22/23 Sestember.

Thereaiter, the production of Window for use sgainst the Wurzburgs
grew stesdily end b; the beginming of November the estimsted consumption
appeared to be well covered by the nrojected -roduction. As production
grew and new types oi Window came in, it was possible to give more considers-
tion %o the pecking of the meterial for the greater convenience of airerew,
and variousalierations were considered in consultation with the Bombing
Development Unit (B.DsU.) and the appropriate Service branches for the
wrapping of individusl bundles, the packing of bundles into convenient
cartons or parcels, and the provision of laumchinz chutes in aircrsft. It
should be mentioned here that the B.D.U. hed been directed %o carry out
launching trials in consultation with T.R.E., 2nd the design of speciel
chutes was considered by the Unit. In this work the 0.5.5. representative
et B.D.U., was able to play a large part.

The consideration of the effects of Window was continued together with
appreciations of the effects of tacbical countermeasures which had been made
necessary by the changing enemy fishtertactics. The m;athads continued to
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be those employed for the initiasl analyses. Bomber Commend 0.R.S. Reportd
Fo. 30 covered August snd Report No. 88 (1)carried on the story to 19/20
November. It was considered on the evidence of ememy R/T traffic that
€.C,T. was still attempted but that Window continued %o prevént its
agp}ipation tn bombers in the main concentration.

In Hovnmber an attempt was made %0 estimate the saving of aireraft
which could be ascribed to the use of Window. This was prompled by some
labour unrest in the firms producing Windcwg?::;::éé~hg a lack of under-
standing of the virtues of the imnocent-looking meterial which they were
hendling, The estimate was of course extremely speculstive., It was based
on the fact that losses in 1943, month by month on German targets, had been
9.5 per cent higher than they had been in the corresponding month of 1942.
It was assumed that had Window not been used this trend would have
continued, gpd that the losses in the Window-using period would have been
05 per cent h;gher than those of 1942 but for the use of the counter-
measure. The actual loss rete wes 1.5 per ecent lower then the exvected
one &timated on this baeis, end it therefore enpesred that every seven
tons of Window used had seved en airereft. This conjecturs was widely
~ublizhed as & fact on factory posters.
¥indow Acainet Air Tnterception (2.I.) Eouipment

The eontinued success of enemy free-lance fichters directed attention
to the possibility of doins more to defeat the Lichtenstein A.I. When
‘estimates of the necessary Window release rales were made in the pre-
operational period, it was considered that preaciicable rates of release
could have little more than a muisance value to an £,I. operator who had
had 2 1ittle prazctice with Window, Since that time 2 z-ecimen of the
Lichtgnggagn had fallen into British hands and the important information
about its performance and the nossibility of condueting exverimental
flights with it 2llowed the -roblem to be re-exemined with more confidence.
A note was vrepsred setting out the expeeted concentrations of Window
estimated as necessary fé?m arbitrary eriterion that half the time-base
must be filled with Window echoes to reduce the effective range of the

apparatus $o various degrees. The concentration of VWindow surgested as
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necessary $o produce a serious effect were well in emcess of those
produced operationally, except possibily over the targets It wasy; however,
oointed out that there was no real knowledge of what proportion of the
time~bose muat be filled by Window echoes in order to mske the set unusable,
the Window concentrations needed in space must remain speculatives Pro=
nosals were therofore mede for experiments with the ceptured Ilichienstein
which would oroduce the required knowledge, end these were forwarded to
Air Ministry with a request for speedy sction on the trials.

Unfortunately, the projected trials suffered long delays owing to the
unserviceability of the equipment or of the aireraft carrying it. Increase
in the Window discharge rate was contimually postponed, pending the trizls
results, although the trebling of the bomber concentration by increase in
the rate of bombing from November 1943 onwards, and the restoration of the
Window discharge rate to one per minute on the ocutward journey in mid-
December, did something towards bringing the Window concentration towards
that estimated as necessery for neutralising the Lichtenstein,

During May 194k, information was obtained that the enemy was using a
new A.I. believed to be working on s freguency in the region 160-180 mc/s.
In consultation with the Signals branch it wes decided that immediate
countermeasures should be prepered. There wes a possibility of adapbing

7w as an electricel jammer, but the technigue of srepsring long

Window had just been mastered and O.R.S. examined the possibility of using
such materiasl ageinst the new A.I. (Report No. B.210 'The Use of Window
against A.I. on 150-170 mc/s").mxt was assumed that the A.I. would have
somewhat similar characteristics to the known enemy tail-warming a;pw£§u3 -
the_Neptune R. zewat, znd on this basis it was ostimated that a launching',
rate of four bundles per minute would be necessary to black out the tiﬁi@- "\:..
base at ranges of one mile and sbove, It was considered, however, that

the meximum rate of launching by hand which could be accomplished, since
leunching of the enti-Hurgburg Window had to be carried on ot ho same .
time, would be one bundle ver minute per airveraft for most of the routs, e.r?&
two bundles per minute for limited periods. It sppeared thatl this rate
would give a useful degree of interference and an esbtinmate of the quantities

required for the coming months wase prepsred, based on the usual assumptions
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of target, distance and scale of effort. The project was egreed by the
Signals branch, snd s request was passed to Air Ministry for production
to begin on the scale of the estimate.

In June 1944, while the trials were still receding into the fulure,
discussion of interference with the Lichtenstein was again roused by a
paper from the Deputy Director of Science which re-stated the view long
since put forward iy O.R.S. that a release rate of at least five bundles
& minute wes necessary., It was pointed out to the Air Staff that a
sufficient stock of Window was held to permit an increase in the discharge
rate, that the weight of the newer types of Window necessary for high
discharge rates was, although high, not prohibitive and that the real
obstacle to high rates was the sbility of the crew to meintain them. It
was agreed that a rate of discharge of five bundles per minute or as near
to it as crews could menese should be tried over specified areas. The
areas for high discharge rates were defined by the O.R,5. after oxamina~
tion of the positions of interceptions reported by ecrews during the
preceding period.

Unfortunately, the trizl began in mid-June when the lightness of the
night sy mede the use of an A.l. almost unnecessary. In any case there
followed within & month the discovery that the enemy was replacing the
Iichtenstein B.C., by the E:E:g and further meesures had to be sought,

Long ¥indow

In July an intact specimen of the S.N.2 : foll by s fortunate chance
into British hends, =nd it then beceme known with certainty that the new
enemy ieI. was working on a frequency of 90 me/s. The stocks of Window
prepared for the 150-170 me/s band were of course not suiteble, but the
decision that a low frequency A.I. could be combatted with Window remained
and & limited stock of Window Type M.B. prepared for use against Freyas
was evailable. No fresh estimate of the concentration of Window reguired
to combat the S,N.2 wae made. The quentity of Window available in any case

4

limited the amount thet could be used, I? was consgidered that = relezse

rate of one per minute by half the bombers would produce a useful effect

and could be met by existing stocks until new production became availsble.
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The use of long Window sgainet A.I. began on 23/24 July. No analysis
other than & comparison ?:E‘ losses and couwbats with those of comparsble
previous operatiomns g;%eveal the effect of a2 countermeasurs against A.l.
The almost simultaneous militery adv‘ghﬁce which gave fresh scope to the
Mandrel screen end to other metheds Lof defeating the enemy's sarly warning
system rendered such a comperison difficult to interpret over a long —eriod.
However, the evidence provided by the aircraft losses on the first few
operations using the long Window left 1ittle doubt thet & sericus Dlow had
been dealt to the effectiveness of enemy fighters.

klthough the use of Window was introduced =s soon ss the general
éharacteristica of the new L.I. were known, it was decided fo confirm the
effects of the countermessure by a flight trial with the casptured s ecimen
of the device. The triasl was 2lso designed to investigate the potential-
ities of the enemy's Flenshurs equipment for homing on to the bomber
tail-warning device Nonice. The details were worked out by the Sicnals
branch in consultetion with the O.R.5. and interpretation of the results
obteined was left to the 0.R.S5,

The plan of the trial was that 100 bombers would fly at heights
between 15,000 and 18,000 feet at a speed of as mear 160 2.4.5. as practice
eble on the route Cambridge, Gloucester, Hereford, Cambriﬂge 'I'he e&:l‘lier
a’sagaz of the ﬂigh‘i: were essentially Flengburgz trizls and 'will receiva »
£ téégigea; when Monica ie disousseds On the final leg, Hereford ~
Cambridge, however, half the airveraft were to release A bundle per minute
of Window Type MB and s fighter eguipped with the E.E:E was to meke sttecpis
Yo intercept bombers at different parte of the atream. In order to permit
assessmont of the comcentration resched by the foree, arrangements were made
for photographing the P.7,I. fube of z G.C.I. station and of an Air MHinistry
Experimental Station Type 11 which would observe the bombers alons part
of their route. In sddition, the zircrews were zsked %o log accurately the
time and height 2t which their sirveraft reached the turning noints.

The flight was msde by 71 bombers on 30 August 1944, and the analysi:;
of the resulis obitained was presented cn 5 September in Report No. S.175,

tThe Trials of Flensburg and S.N.2 Against 2 Bowmber S‘tream'.(i) The effect
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of Window on the PePuls of the grownd equipment was rather serious at
the time when photographs were taken and, although an attempt was made
to isolate the responses due to Window by oboexrving their rates of move-
mont from successive photographs, no count of airoraft was possible. The
photogrephe, however; yislded a roascnable messure of the width of the
bogber streams The times st the tuming points recorded by all aireraft
allowed an estimate to be made of the length of the stroam and of the
distribution of airoraft alemg it at the various stages of the flight,
The average eoncentration of bombers during the Window/S.He2 stages
of the trial was estimated as o.-.zt::.o aile, a velue similar to thet / /
belloved to be obtained on night tions: The G.N.2 was oompletely

- blacked out by Window oxcert at the hoad of the stream. It was coneluded

thorefore, that the rate of release used, althoughlwlow estimated
theoretically as necessary, was adequate for operational use,

Thereafter, tho development of Window sgainst S.i.2 followed normal
lines. Ansistance wss glven through the VWindow Panel in developing more
efficiont types and the sppropriate branches ot Command were kept informed
as to tho boat use which could be made of $he several tyres. The stosk
position of the N type Window had to be watched cerefully, and in
mmmtimwmmnmqu?ﬁmmsmmn
the loss of production in the transition was not too great. In such matters
OufieSe conmultation with the MyAsP, hrsnches was froquently needed,

- Ausesement of the effectis of Vindow sgainst S¥e2 was prevented by
the oseration of many other powerful factors, It was thorefore wncertain
whether the amounts dropped were resaining suffioiont and when production
hadhanm&upmmvmmmﬁmmhefmawu-
recomnended and accepteds This recommendation was, of eourse, made purely
anjwottheumﬂmhudmt&knmhé@t&tm;mﬁmﬁﬁy
of dropping could hove boen barely suPfisient for success end that the
onesy operators were now well experienced in working through Window and b,
the probability that the enemy would have developed ameliorative technical
HeasUres.

mmmmﬂimmtﬁmdmtma&nﬁmm
given speocial comsideration in comnection with the use of long Window

 /eseinst
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against 4, I.{i‘mtical considerations in Avgust 1944 sugzested thet heavy
bomber fnrcés 'a.ttaoking one target should fly on two or more separate
routes. Such a scheme would of course have an effect on Window protection,
The head of a bomber stream is never surrounded by a sufficient density of
Window to give {ull protectiony, snd the development of more than one head
of 2 stream must increase the proportion of aireraft in positions with
deficient Window cover, The effect insofer ss it concerned the use of
Type M Window eguinst A.I. was considered quantiteiively ('A Note on the
Bffect of several routes on the Concentration of Type M Window CRS/BC
Internal Memorandum No.142). (1) It was shown in this note that the
maximum Window concentration likely to be developed in any bomber stream,
gt the existing rate of dropping end with the presumed standard of naviga=~
tional accuracy, was wmlikely to be more than adequate to impair seriously
the usefulness of the enemy's A.,XI. It was then pointed out thet if those
seperately routed forces were timed to bomb in five minutes, the maximum
concentration of Window would only be reached at the tails of the streams
but that if the whole of the forece was in one stream, bombing over 15
minutes then two-thirds of the force would have the maximum Window cover.
This argument was taken into consideration thereafter in the discussion of
tactical handling of the bomber force.

The Threat of Centimetric Radar

At the end of 1944 evidence was sceumulating that the enemy was devel~
oping centimetric rader equipment., T.R.E. were unhopeful of meeting the
threat with electrical jamming, and Vindow appeered to offer the only
prospect of a quick counter. The probable rates of discharge required were
reviewed, assuming that the German centimetric geer would have similer
characteristics o our own, It was esbimated that = rate of discherge of
20 bundles rer minute could be regarded ecs a minimum requirement, and tha;:b
limitations in the capeseity of aireraft and in the 2bility of the crew t§ \"\
discharge would limit the period of Window protection to 30-40 minutes,
It wae pointed ocut, however, that since the enemy would probably use 2
frequency in our own 10 cm band, owr oentim.etric equipment would be
interfered with by the use of Window. It wae also suggested that so long

as hand-launching of Window wes necessary, use of centimetric Window should

/be
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be eonfined to chosen parts of the route where half the foree ehould
chanze overy the remsinder contimuin: to disolhzrge the other types. A4t
tho comoentrations then bein; schioved this roduction in the rate of
discharge of tho Tursburg and Sells2 Window aopeared to be without srave
*igky ospeeially if elouiricel Jamain: of SuleZ wes aveilsble. The rete
of discharge recomuended for centimetric Window was ten bundles per ainute,
this being -onsidered sufficient to couse some confusion in an Aeley
although allowin: it = useful renge to cam-lete bleck-out. On thies basis
the Comuend requirement for centimetric Vindow wao estimated ss twe million
tundles ver monthe This estimete was agreed on end ut to Adr Hinistry,
Then followed many discuseions on how %o meet the reguirement at the Vindow
Panel end with M.i.7. officors, The steps taken affected the Comasnd

only insofar cs it wes considered desirsble to cesse tho use of centimetric
Window on Bullseye exercises. It is not necessary to sive details of the
other mezsures taken but 4t nay be menmtioned that ot the close of the
Suropean wsr tho Comnsnd had been mode able to use coundormessure Zindow
acoainst contimetric equipment avpearing snywhere in the band 7=-12smo.

The use of Window as an aid to feint oporations has been referved to
in the section decling with MHendrel snd gpecisl varisnts of thie use are
dealt with in the section on Opsration Overlord. It is aopropriste to deal
here with sone aspecis of this important spolication which are speeifiecslly
concerned with the fundemental roperties of Vindow.

The need for feint operations in suprort of the  e-entry into Eurore
stimlated the dvelopment and rroduction of o form of Window (Tyre ¥B)
eap-ble of yroducine adicreaft responses on the eneny®e oarly warnin. setsz.
At this time (Amril 1944) the srovision of Mendrel wes well below thst
necessary to cover the bomber force sgeinst the emesy early warnin: systen,
s, S B B SR s DRTE BB vty it

be equipped with Josmers covering the whole frequenmey band of the inown
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encmy early werning sois. The various sossible combinations of Window
and Hamdrel were discussed in Report No. S.145 '"The Fossible usos of Freyu
Window end Mendrel against the Bnomy Barly Warning Bquipmens.’') It wae
considered that thres objects should be simed at: conceslment of the
ennroach of the bomber ferce alony the early ataves of the roube, rwevention
of accurate plotting of the force, and interference with Froys-aided C.CoI.
In order to study the ~oesibility of concealment of zpprosch, o mep
showing the rositions of enemy coscial »ader stations and their estimated
coverage was prepered. It apresared that Yo conceal the pomition of o foros
st & distance of 50 miles from the enemy coast by means of Window an area
of at least 100 = 100 swuere miles would have to be infected with the
¥indow echo every two ojuare miles. It waas estimated that 50 aircraflt
would be neceazary o lay such a screen, wheress therewss s good »resnect
of producing s more eifective Handrel screen with 2C aireraft, Windos,
however, conce-led the size of the foree and could therefore serve in the
simalation of large sosle sttacks by means of omell forces. The combinegm
tion of such feints with the use of 2 sereen of liandrel sireralt wzs
sonsidered to offer exzeellent somsibilities of confueing the onosy's
plotting. The smount of Window and the number of sirersft required %o
sroduce a suscessful feind had to be estiusted from first principles. The
estimete wae based on the cheracteristics of the eneny early werning seis
as the proposal did not envisage that the feilnts would aspproach within
range of precision rader. Tho argument ran that to simulnte 2 force
of L0 afreraft st least 400 Window echoes smet be produced dwring the
lenzfh of *1ife’ of the Window, taken a2e 10 mimules and thel the echoes
met be spread over on urea likely to be ogenpied by sush a force., This
area was taken au 60 miles lonz a::taﬂ miles wide and thorefore it was cone
sldered that 200 echose wers reoguired every 1C minutes in esch of two
congscutive 30 mile lenstha. It wes arzued thet a’ind.w bundles dropped
closer together than the -nlse length of the Freye would not give seporate
echoes, and that in order to avold the appesrance to the enesy rudar of e
series of separate trsils, the seperation of aiersft across the stresm

should not be leas than two miles, On those bLoges it was estimated that
Lo
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8 foree of 25 efroraft eash releasing two Window schoss ror minute would
be sdequate. Since two bundles of Tyre ¥B Vindow wore required to
srodiuge one sireralt ocho, this wse equivalent te o relesse rote of fouws
bundles per minute. As, however, the feint foree would lesve s trail of
dyinz Window echoos, the main foreoe ought aleo to leave such a trail, and
Mthmfam & fow airere®t towsrds the hend and the tail ousht %o
reloase long Window on the approsch to enemy tarritory.

For the flisht over eneny territery it wes estiseted that the use of
Proyes for G.Cels purposea ot rsnses of 20 miles or move could be ;revented
if the density of echoins bodies wes one er two square milege It ims
considered, therefore, that the density of bomcers alome should be
sufTiciant to ;revent the uese of Freyss for G.C.I, except on the fringe
of the siream. The nossible extra ~rotection which gould bs giveam o
ailrorslft on the fringes by the use of long Window had to be weizhed scuinst
the intexference with lomioa which would be ceused and the additional
eifort involved by discharge of more Window., Judgwent ves given aainst
the use of Vindow, The concealment of the divection of fiisht of the
foroe over eneey territory clearly could not be achieved by Window and it
wag therefore considered that relesse of lony Window Ly the medn force
would not be worthwiile emcest ss mentiomed adove, on the avrossh o enemy
territory in order to revent distinction betwsen main fores and feint.

The recommandaticns were sgreed by the Adr 55aff and a more detailed
investization wes then snde into the best metlods of employin: & Mandrel
screen and Vindowesided feints, Some particulsrs of this isvestication were
given in the ssotion of this report dealin: with Mandrel and the resulis
wore prozented in D.N.C. Heport No, Be216 *Proposals for the Tacticsl
Use of the Mandrel Sﬂrm'.(” I¥ is necessary to refer hers enly to e
slight chonge introduced into the Window relsase pronosals. In axnoining
the covarase of the enexy's cosstal »adar, it wea sonsidered that en
effesctive feint Toree would nesd %o spprosch within rance of the Giant :
Zupsburcs. The recommendation wes =made, thorefore, that the airorsst af‘
thoe feint foroe should release Window coverins the frequency band of the

A
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Wursburgs as well as that of the Freyas, Hoardings and Chimneys. The point
was also mode thet any electrical jamming would readily be perceived by the
enemy radar, and that therefore Manirel snd Carpet (the Wursburg Jammqr)

should be carried in the fleint forces covering the same frequency ranges as

the similer equipment in the main force.

Window Feints - The Operational Use

Waen No. 100 Group began to operate the Mandrel screen and Window feints,
the principles laid down in the 0.R.S. reports were followed. 1In the course
of the rreparation of the second report (No. B.216) discussions were in fact
carried on with No. 100 Group, The number of aireraft available for feint
forces was, however, always below the number of 25 which had been suggested as
necessary, aind sn attempt was made to compensate for this by increased rates
of Window release.

The success of Window feints could only be judged by the snemy's
reaction to them as obtained from intercepted fighter ecntrol communications.
This scurce of information was carefully watched, and after six weeks use of
the feints a Joint sppreciation was prepared by 0.R.S. No, 100 Group and
O+ReS, Bomber Command. The apparent success of the feints was oonsidered in
conjunction with the variations in application, e.gs number of eircraft taking
part, area of operation etes The results (Report No. S.172 'First Operations
of the Handrel screen and Special Window Foreas')(1) were inconclusive. It
appeared that the feints were most successful when aimed at an erea whish the
main force had been attacking in the immnedi:te past at the time when the
attack wes switched to another ares., QOtherwise there was ﬁo apparent
systematic ecause of success or fallure. Recomméndations for improvement had
therefore to be based on the deficiencles suspected from first principles,
They were to increase the number of airerafttsking part and to include in the
feint force aircraft equippred with ell the radiating dcvicea garried in the
main for&e. It was also recommended that trials of a Window force against
captured enemy equipment should be carried out. As aircraft and equipment
became availsble, these recommendations, which put into writing what had *
probably been in many minds, werc acted on although it was not until March

1945 that a trial sgainst a captured enemy Freye was carried out.

(1) AH.B./I1/69/28).,
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The evidence for the success of Vindow foints was kept under review
but no definitely systematic variation was revealed, There were, of
course, many factors, such as the navigational acourasoy of the Window
forces, which could not be tzken into acesunt, A final appreciztion was
presented at 2 meeting of the COperational B;eear& Committee on
*Tactical Aids to the Defence of Bombers against Night Pighters and A...
Fire' on 16 Merch 1943 (Report on Bomber Command Tectics attached as
Appendix to the Hinutes of the Heeting).(i) The conclusion was that the
Window feints had had many successes but sometimes appeared to be correctly
appreciated by the enemy, and that the best chanee of sucecegs was obtained
when the Window force broke awey from the main force efter flyinz with it
until within range of the enemy radar,

Propes o,

In spite of the long period of development, Window made a rather
sudden impact on the Command organisstion when it was introduced. This was
largely because of security measures in force before the introduction of
the countermeasure, but the effects of the impact was enhanced by the
fact that there were nc precedents for the contrel of o measure such ag
Window. As a resdio countermezsure Window was cleaxrly = sphere of influence
of the Signals branch but the techniocsl problens involved were remote from
those to which that branch wae scoustomed. The discherge of msberial from
an aireraft wzs akin to practices of the Armement braneh but the material
itself was quite unlike the material handled by that branch. After &
brief experience, the Armament branch at Bomber Commend handed over
responsibility for Window launching to the Engineer branch. The use of
Window called for speciel taetical plamning which of course involved the
Air Staff, PFinally, & large volume of eMble meterial had tc e
handled and thereby imposed on the Bquipment branch in a large new bucden,

Thus meny branehes were concerned with different a.apects of Window,
end the Q.R.S. concerned with all the aspects drifted into the position of
a central infomati&n exchange, This poaiﬂon became recognised officially
when the Cormend representation on the Window Panmel wos delegated to O.R.3,
This penel was formed under the chairmsn ship of Wing Commander D.A.Jackson
(TsReB.) to investigate means of stimulating production and of improving

/[the
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the efficiency of Window, and to consider the development of new types,
Its work will be discussed later,

One important duty which fell to 0.R.S. ﬁa.s the keeping of a record
of the Window stock, Durins the first few months of the use of Window
‘the threat of exhausti@ of supplies was always vexry real., Therefore,
every mornins the consumption of the previous night's operation was
estimated by measuring the track nileage flowm within the Window relezse
area end doing the recessary erithmetic. The oroduction during the day
was estimated =28 one-seventh of the previous week's total production and
from this fisure and the night's consumption the nett change in the
stocks wes derived. The stock figure was checked weekly by returns from
unite holding stocks, and there were many snxious occasions when investi-
gation into discrepancies was necessary. The renderins of stock fisuces
long survived any need for it, and the Air Staff only consented to the
cessation of the daily rite in May 1944 when more than ten million
bundles of Window were held. It mey be mentioned that the unit Window
quantity most employed originally was the ton. This unit became meaning-
less when more then one type of Window became available, but so etteched
had the many interested parties become to the measure that it beecame
customary to express ouantities in Yequivalent tons' - the weight which
the Window would have if it were all mede in the form of the originel
type. This remarkable unit unfortunately gave the impression o meny
that Window was 2 mystery to which only scientists could have the key.
The Window Panel

I% was mentioned earlier that the Commend representation on the
penel responsible for the development of Window material was made through
the 0.2.8. Since the work of this penel contributed very extonsively
to the success of Window a further reference %o it is desirsble. At the
time when the panel was constituted (September 1943), initial stocks of
Window were being exhausted and shortages of aluminium foil, paper,
machines and lebour were mena.oing production. Horeover, the lazmchmg'
of the existing type of tundle from sircraft was beset by trocubles which\\
concerned both the make-up of the bundles and packsses end the arrange- I-
ments within the aircraft. A considerable programme of explorstion of

[aew
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new sources of supply wes therefore necessary, a.ml the panel acted

as the necessary co-ordinating authority. Initial meetings were held
mekly, later less frecuently, but unt.il the end of the Buropean war

the frequency of meetings of the panel was never less than monthly. The
panel reported periodically to full assenblies at Air Eiinistm-ecﬁ‘ all the
pa:rfies interested in the sroduction and use of Window., These were
usually attended by Service representatives from Boznbeé Command in
addition %o the 0,2.5, Decisions of the panel were, however, normally
put directly into practice and only policy chanves awaited confirmation
by the full assembly.

The technical aspects of Window development were, of eourse, the
concern of the appropriate M.A.P. branches, and the testing of products
and of launching chules was conducted by T.R.E. and B.D.,U. Bomber
Comaend's principel concern in the panel was to ensure that the required
frequency coverages should be provided, that methods of packing and the
weight and bulk of materizl should be such as to nminimise difficuliies
of discharge, and zbove all that the required guentities should be forth-
coming, Samples of paper,of boxes of strips,and of forms of packing B
were exagnined in large numbers and considered in velstion to infoma‘bionj :f
gathered from sircrews aboub operational difficulties. Iater, when
methods of pacikins had been almost standazg]'.sed, the need o meet quickly
the changinzs demands for new forms of Window became the most pressing
problem, This became acuie when the threat of enemy ceantimetric equin-
ment emerged. At this stage another smell plamming group was formed zs
& sub~committee of the Radio Countermeasures Board of Air Hinisiry, The
aim of this sub-commitiee was to examine pos:ibilitics of meking ﬁmdar-
mental chanses in the Window operation in order %o meet the centimetric
threat. Commend rvepresentation on it was through 0.0.S5. Plans were
formulated and the aporopriate bodies delegated to develop the nrojects.

This development was still in osrogress at the close of the Furopean sor,
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me&mmmmﬂmammofthepml,win
Jamaary 1943 the principles of what was later built ag the Fairvey
sutomiatic laumcher were ovolved in disoussion.

It isy of course, imposasible to assess individual contributionsic o
wm.mmwmmlmmaemmmmmm;mlw '
of ideass 'l‘hamh:lamntofthsbedyaaawimlewmhww, noteworthy,
end is reflpeted b the grest prosress mede. In extrenmely Aifficuls ;
cirounstances ¥indow swoduction wm%u.llt up %0 = suffiolently high level |
%o meet any likely demend, and at the same time was sufficiently fle:ible.

%o meet rapid chances in demsnd. The forw of Vindow insofar as it affected
m&tyofpmkinzandeameflamnngmmmedmly. In
eddition, considerable econcuies in the use of aetal foil and paper were
effected ~ the weicht of aluminium in 1,000 bwndles of anti=iurabure ¥indow
was reiuced from 600 1bs to 51 1bs and the weight of peper from 1,100 1bs
to 220 1lbs,

The need for sropacenda in the Window factories in 1943 and how it was
m‘hbyquo’tine;thssaﬁngmairm‘tmdmhaahmrefmad o
previously. Propecands amongst the users end amongst the ecntrollers of
suprly of meberials also bocame negessary. As the sirovews who had seen
the first effects of Window finishod their operationn]l tour, they were
replaced by others who carrvied out Yindow dropping as & roubine, without
uwnderstanding its purpose. Inevitably, such a routine wss noglected by
sowe, and when seraps of informstion from the squsdrons revesled o rether
videsoread igmorence a short socownt of the way in which Findow produces its
effoot, the need for cere in launohdng and an outline of its influence on
the enory defensive systen was prepeved for the Alr Staf? 88 a simple suide
for the instruction of aiverew in heport No. Be 209 'S@ facts sbout “indow!
Aprid 19&19-“) This report was sent by the Adir Staff . &roups with o
suzgestion that suitsble extracts should bs made and distriduted down o .
squedron and flight comasnders. Although it served 2 useful purpose by
spreading correet information, the process did mot go far enovgh. Therefore,

after the introduciion of lomz Window, a vevised simplified and shortensd
/version
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version was prepared as "More sbout Window'! in August 1944. This included
a sim le diagrem of the appesrance of Window on & radsr presentation with
indications of the failurees likely to arise from a faulty use of Window,
sufficient in itself %o exzslain the use of Window o the impstient reader.
This report was circulated =s = whole down to squadrons by the Air Staff,

The many ¢/ pes of Window which had come into use by the summer of
1544 were also causing confusion at 211 levels of the Service branches
concerned, In an endeavour to clsar this, a catslogue of Window was
prepared, listing the many types with an indication of the make~up of these
bundles, end their purpose, together with an introduetion sumserising the
reagons for the multiolicetion of Te number of typess These docunents
were issued as Report FNo.B.220 YTyres of Wind.m'.(l)

At the bvegimning of 1945, the zpparent approach of the end of the
war caused some of those responsible for the provision of uaterisls to look
to a reduction in Window production es a possible imnediate economy. One
of the results of this was a proposal to remove Window from the list of
*designated' products, the effect of which would have been to lose some
necessary priorities including that of labour. The 0.K.3. was asked for
information on the value of Window to combat this proposal. ZIZExamples were
given of the successful use of Window in its four functions; interference
with radar-controlled flak end ssarchlighte, interference with 5.C,.I,
carried out with Furzburs, Freya or Jazdschloss, interference with 2.T.
and the production of spoof atiazcks. It was zossible to point to the
continuously lower flak damsze raie since Window was used, to the total
escape of the force on some nighis when a G.C.I. gystem would have exacted
a considerable toll; to the success of Tvpe Y ageainst F.N.2 and to examples
of successful Window feinis. The proposals to regard Window as no longer

fully essential were defeabed.

The problems of packing and w:-a.i:ping for Window bundles have already.
been mentioned. The vrovision of faeilities for the hand-leunchins within

the eireraft was 'easen:iall:y an engineering problemy, but it was one in which
JO.Re5.
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OsRe3s had to take z goneral interest since the outlet used was from the
beginning tied up with the fora of the Vindow bundle and later dedorained tic
type of Window which could be used. Therefore, from October 1942 onmwerds
perticipation in discussions and observation of trials concerning launching
were carried on for about a year when the B.D,U. complet-d the design of &
cowled chute which would sermit satisfaetory launching of all types of
Window, Therealtery, apert from special consideration for airveraft faking
part in ¥indow feints in the Overlord operation, the mein concern of the

Uit Se with hand-leunching was o advise on the distribution of types of
Window in order %o ensure that aircraft used only the types for which their

chute was suitabie,

It was alwaye intended that hand-launching should be replzeed guickly
by sutomatic launching and long before the use of Window becsse an immediste
prospectand oven before the rates of dischsrge snd the size of Lumdle hed
been decided the requirements for an sulomatic launcher were considered.

The several possibilities of launching rates were given to the Afr Steff,
and it wes supgested thet the requirement for zn sutomatic launcher should
embrace all of them. The capzbiliities required on this basis were stated
as a rete of launching verisble between one and %0 pounds cer minute and a
capacity without reloading of 100 rounds. The design of subowatic launchers
had gade little rrogress by the time the operationsl use of Window becen,
Then 2 -exiod of intensive exploration revenled meny technical difficultics.
The 0.E,3, acting as a lisison section in this ss in other Window comaitw
menis, meintained contact with the various partiss concermed in order to
koep alive a sanse of urgency and to ensure %hat the requirements of the
Command were met. These requirensnts had been reestated in sesordance with
the more definite estimeies of the rates of release and total smount of

Window orepared after the operationsl introduction of the countermessuces

BB
-

Ca,paﬂi‘lw avs o enn 1’(}00 tundles
Release Rate vse ese YVarisble from one bundle in two minutes
0 six bundles per minutes the rate
to be capable of selection in the air.
Size of Bundle ess ass Up to 45 om long and 7 ca cipmeter.

Several designs of launchers wore examined and one of them reashed the

stage of extensive trisls by B.D,U. at the end of 1943, The results of
AESTRICTED /these
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these triels were discussed at a meeting of the Window Panel on 5 January
194%. TI% was decided that the faults of the machine mede it unacceptable,
but in the discussion the basis of design for & new type of launcher was
evolved. The B.D.U. set to work on this basis snd vepidly developed the
design, the 0.R.5. representetive at the unit giving considerable assice
tance., Within three weeks 2 stage had been reached when the co-;nperation
of the Fairey Aviation Company could be called for in order to bring the
machine on %o a possible production basis.

The period of development which followed was long and troublesome.
The newly formed Operational Requirements branch at Bomber Commend took
over the responsibility of urging on the development and the role of the
OeReS. became one of advising what adjustments to the Commend's original
requirement could be accepted. These involved meinly the total capacity
of the launcher and release rates fc;r: newer types of Window. In genexel,
reductions on the original specification were advised in order that NLo=-
duction should not be delayed, but no compromise on the maximum rate of
launching of the ¥urgburg/Lichtenstein Window was considered scoeptable.
In fact, when it appeared possible thet a supply of launchers might bo
supplied from American écuroés it was recommended that a rate of lawmching
of ten bundles per minute should be possible 'in order to be preparod seeene
for = measure of deconcentredion’s

By Hovember 1944, there appeared good prospects that sutomatic launchers
would be available for operational use in the course of sz month., The
immediete result wes to provoke a wild flurry within the Command since the
setbing up of a special organisation on each operstional station had to be
envisaged. The problems were discussed et a meeting at Headquarters Bomber
Command called by the Air Officer Administration on 11 November 1944 at
which it was necessary for O.R.S5. to urge once egain that Window was an
operational necessity and that its most efficient use éﬁme.nded aubomatic
launching. This meeting decided ¥hat en operational trial should be cerrigd
out in order to decide the magnitude of the orgenisational oroblems involved,

The production of operationally suitable models of the launcher wad,
however, further delayed, end in Jamuary 1945 it seemed that the introduc~

tion would be preceded by two other imtroductions which had e strong
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bearing on the usefulness of the machine. These were the provision of

the Clenn-Martin mid-upper turret in the bombers end the development of

a oaﬁtimetric AeIs by the enemy., The considerable obstruction in the
fuselage brought sbout by the turret would have made the bulk of the
magazines of the leuncher extremely und%fadreble and the rates of release
required to counter 2 centimetric A.I. wore far beyond the capsbilities of
the existins machine, The position had therefore to be reviewed and at

& meeting at Air Ministry held on 25 January, the Commsnd representatives
intimated that the Feirey lsuncher could no longer mest the Commend's
requirements,

Alr HMinistry requested a new appreociation of the Command's requirec—
ments. 4 note was therefore prepared by the O.R.S. after consultation with
the Air Staff and Signal hrgnch.' This note sumnarised the probable future
requirements for Window launching in the Buropean and Far Bastern thestres,
and pointed out how the existin: design of antomatic launcher would feil to
meet them. It was proposed that the operational trial with the existing
design should proceed in order to obtain information useful in future
design, but that development of types better able to meet requirements
should be pursued with vigour. The note YAutomatic Window Launc?éra for
Bomber Command! over the signmature of the Chief Signals Officer, was
circulated before a meeting at Air Hinistry on 2 February., A4t this meeting
it was asreed that new designs, including those of semi-automatic types and
of externally carried machines, should -roceed. The Command wes asked to
submit revised requirements, After a general ocutline had been sent to
Air Uinistry by the Operational Requirenents branch, a more detailed
statement clarifying the Command's pomition was drafted by the 0.B.S, snd
wag forwarded by the Operational Requirements branch. This statement urged
the development of & hopper type of launcher %o be re-loaded occasionally
in flight. It was canaidare& that such a design offered the best means of
making possible high rates of discharge without the need of storing the -
large bulk of Window required in one fixed nmass.

Lutomatic Lgungﬁg%g = Operational Trials
¥hen there agpeared to be a good prospect ¢f being able to carry out

the projected operational trisl with the Fairey Leuncher, a note was
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prepared setting out what were considered to be the objects of the trisl,
how they should be atiained and the urepsrstory action needed to organize
the trial. This note ("Hemorandum on the projected trials of the Paivey
lark I. futomatic Window Leuncher at Iittle Staughton') was discussed st z
meeting of representatives of the Air Steff, Signals, Operational Zequire~
ments and the C.R.S.y and formed the ,-ﬁaais for the organization of the
trials. The squadron selected for the trial was No. 582 of the Pathfinder
Force, at Little Steushiton., The squadron wus visited by representatives
of the Ajr Staff, and the 0.R.8, and arrangements for the trial were
completed. These included the stationing of an O.R.S. representative at
the squedron for most of the duration of the trial,

Inst;llations of the launchers commen€ed during March 1945 and an
O«R+Ss representative paid visits to the squadron to observe the difficulties
experienced and to edvise on procedure. When the organisation had settled
down the representstive stayed at the sguadron and it was also arranged
that a party from the Air Minisdry Menpower Fesearch Unit should attend
in order to record the time and labour consumed in servicing the launchers.
The 0.K.3. officer supervised the work of this varty, inspected launchers
after operations, discussed its performance with the asircrews end maintained
anpropriate records.

The results of the trial were presented in Bomber Command 0.X.S. ieport
Hos 134 ‘The Operational Trisl of the Fairey lMark I Automatie Window
Igtmcher'.(ﬂ'l‘hey included an anslysis of the recordingsmede by the MHanpower
Research Party which established the labour needs for servicing the launcher,
en egtimate of the transport required, detailed analysis of the numerous
failures which occurred and comments on the crews' reactions. Altcgether
the results provided a depressing picture end formed in faet a final
condemnation of an already discredited type of launcher.

.

Y 123

Garpet —— CFFS
The need for a jammer for the enemy's ¥urgbure =pparatus used for
control of flak and fighters was recognised ss of the highest degree of -

urgency from the time of first imowledge of the enemy equipment. The

/technical
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technical difficulties were, however, considersble and it was not wntil
the end of 1943 that T.R.5. was sble to offer in Carpet IL & jammer
suiteble for use in the Britieh bomber force.

Carpet II included o secarch receiver which could sweep = band of
frequencies 50 me/s in width pre-sclected from the range L50-600 ne/s.

When an incident mulse wes received on a {reguency within the band beine
searched, the jammer tuned on %o it and jommed it for a time which could
be pre~set for any poriod between a few seconds end fiveminutes. The
time for a complete searchin: sweep was one and a half soconds,

By the time that the device was at a stege when guentity roduction
could be conitesplated, Window wae beins used with suceess $o cownser the
Hurgbures ond consideration had therefore to be given tc the decision
whother or not the addition of the electrical jumner would be worthwhile.
in OuRe5e appreciation of the position wes prepared at the request of the
Signals branch (2evort Noe S.119 - "The Possible Uses of Cerpet II in
Bomber Commend® )-.(’) The effects of Carpet with and without the sdditional
use of Window on G.h. and G.C.I, operation were considored togethor with
‘the probeble enesyy reactions, The seale of fitting with Carset to produce
the best results was also estimateds Technical date suprlied by T.R.5E.
was avelilable concerning the expected eoffect of a Carpet on one iargburs,
but the effect of mutual support of both bonbers and Srzbures had Yo be
estinated using assumptions of their distribution in space.

Although Carpet hed certain advaniszes over Window in regard to weight
and bulk and the manipulation reguired, itvwes sconsidered to have less flex-~
ibility in regord to volumes of production, It was suggestod, therefore,
that the two countermessures should be resarded for the time being ag
somplementary, Carpet apneared well suited to -rovide eover in eircumstances
where Window wee least effective, @.o. at the heod endfrinzes of the bomber
stream and in operations by swall forces, Taking the im@,a-tm view, howaver,
there seesed to be o possibility thet the concentrated raids necessary for
the use of Window night become tmctically disadventaeocus and the greater
tactical freedom which would be -rovided by the comolete equirment of the

/torce
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force with Carpet would then be most valusble. The recommendations made
were therefore that provision should be made for equipping the whole heavy
bomber foree with Carpet, priority being given to the Pathfinder Forcs and
and speeizlist redio countermeasure aireraft who were most likely to have
to fly in gones of reduced Window cover. The Command policy was sizted to
Air HMinistry on this basis,.

Introduction into Operations

Sufficient equipment was available by March 1944 %o begin fitting the
Pathf'inder Force. The method of employment wae discussed with the Signals
branch. The veriod of jemming which cach set should hold before resuming
search for new frequencies had been recommended as two minutes in Repoxrt No.
S.119 mentioned above. This period seemed a reasonable comprownise between
the prevention of ordinary redar plotting and the denial to the enemy of a
useful D/F on the source of jamming, It was accepted for operational use,
with the proviso that it should be reviewsd later in t}ze light of experience.

The Wurghurg frequencies were kmown to be spread over s band 100 me/s
wide, whereas each Carpet set could only sesrch a band of 50 me/s. Since
initially there apreared to be too fow sets availsble to provide mutual
support, each set had to be used to cover as many Wurgburgs as possible.
Therefore, it was decided that each set should search the same frequengy
band, This was selected as 530~580 me/s which, according to Intelligence
information, would include the greatest number of Jurzburgs.

The Carpet sets were fitted with an indicator light to show when the
set was jamuming and crews were reguested fto log the times and duration of
periods of jamming in ovder that the need for any chanze in the jamming
period or the frequency search band nizht be perceived.

The first reports made by crews showed that many sets were jamuing
almost contimuously. This was rather more than had been exzpected from what
was known of the distribution of Wursburss and an 0.R.S. officer visited the
squadron concerned to interrogate the crews. There aspeared to be no doubs
that the reports were justified and a srobedle explanstion was considered :

1o be &=
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@ that the receivers of the sets were too
sensitive and that the jamuing was therefore being applied to fursbures too
distant to obtein useful rader plote. A check of the wensitivity confirmed
this and after discussion with T,R,.E, a maximun sensitivity for the settine
of the receivexywas sgreed on. This change produced resulis more in
accordance with expectation, although the non=jamaing reriods remained

few end short. Another modification introduced =& & result of T.i.-.

Yesis was & reduction of the width of band searched to 40 me/s, 540-930 mc/s
being chosen,

Statistios of the casualties to Carpet carzying aiveraft were collected
and after ten weeks operational excerience o survey of the results was nnde
(Report Moo B.215 ' Wote on Initial Operationsl Pxperience with caggt IIv).
The numbersof missing eireraft were rether too small %o permit a satise
faotory assessment to be mede. Fumbers of airerzft demaged by flak were
somewhal larger, and since, in view of the deecline in enemy Celelsy the
use of Carpet wes expected to produce its most meried offect on gunfire
control, these numbers -rovided = reasonsble basis for considersiion.

It sppeared that the use of Carpet had been sssocisted with an
appreciszbly lower risk of flak damagey en impression which was eonfirmed
when the catogorised severity of the damege done was considered, Thus,
there was some indication that Carzset eould provide some protection for
airerafd carrying it. An cttempt was made to sssess the genevsl effects
of the device on the paris of the bomber stream in which it was carried,
Two thirds of the Carpet using sorties had been brisfod to bomb in the
oarly stages of & raid, A comparison wss made therefore betweon the losses
of main force aireraft planned %o fly in the fromt of the bomber strean
and those planned to fly at other paris. None of these aireraft wag carrving
Carpote It was shown that since the introdustion of Carpet, losses for

all parts of the stream except thet in which the Jammers were concentrated
had risen.

-

Interpretation of this result was complicated by varietions in the oneny
fighter tectics which had considerable influence on the relative lossocs of

/different
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different parts of the bomber stream and it could only be regarded =s
promisings Thus, although the limited amount of evidence sccumulated in
ten weeks experience could not permit a final assessment of the value of
Carpet to be made, it all tended to give a favourable impression of the
device. As with most of the other radio-countermeausre devices, action on
oroduction could not wait for statistically siznificent resultssy jJulge-
ment hed to be made on the impression geined znd the recommendation was
made that the fitting of Carpet should be extended throughout the force.
The argument thet such fitting would permit greater tactical freedom in
handling the bomber force was regarded as strengthened by the promising
results. The recommendation was accepted and the Air Hinistry was asked
to endeavour to arrange for the whole bomber force to be fitted with one
set ﬁer aireraft by the winter of 19h4~45, and %o make provision for two
sets per aifcraft as soon as possible in order to give greater frequency
coverage;

ter i Results

The promise of the early results was not fulfilled by subsequent

experience, As the scale of fitting and the numbers invoelved in comparative
assessments increased, it became more difficult to discover that Carpet
was producing any effect on the casuslties of sireraft earrying it. Trisls
with eaptured eguipment had chown that the performsnce of Carpet could be
improved. There was some fendency for the sets to lock off frequency when
acbiveted by 2 strong aignal, and also the serizl used with the set was not
to the design best able to produce s maximum jemmin- signal through the
Wurgburg  aerial which could be mede selective as to plane of polarisation.
The indecisive results obtained with Carpet were marshalled and put forward
to the Signals brench as an incentive to urge the techmical improvement of
Carpet ('Carpet II; Statistics of lLosses and Flak Pamage'! O.R.3. internal
Hemorandum Fo. ) (1) Az 2 resull, Alr Hinistry was reguested to
arrenze for the modificatiens necessary for the improvement in Carpet with
a minimum of delay. The modification desigmed to improve the aceuracy of 3
locking to frequency was carried out in the course of the next few months,

but fitting of the most suiteble form of serial was never accomplished,
[Fitting
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Fitting wes extended to include in addition to the Pethfinder Force,
some squadrons of Nos, 3 and 5 Groups which were frequently obliged to

fly at the head of = bomber stream. The oporational wtatistios for emch
of the three Croups were cxamined in grest deteil, but no consistent

effect of Carpet could be perceived. The eneny Turzburg band was extending,
no doubt as a result of jamming and the 140 mc/s band %o which the Carpet
search was confined was no more densely populated by Hurzburgs frequencies
than at least one more band of equal width. Yoreover, the aireraft not
protected by Carpet had Window cover agsinst the Hurzburgs. It was not
expected, therefore, that a very appreciable benefit from Carpet would be
verceived. The U.S.A.i.F, was also using Carpet in a form suited to the
protection of its bomber forces and discussions on the results obigined
were carried on from time to time with the O.R.3S. of the Righth Air Force.
The American results were also rather inconclusive but it appeared likely
that some effect was produced when the Jamming of the whole lurgburg
frequency band was made more complete. There was evidence from captured
documents and equipment, interrogation of Prisoners of Wer znd other
Intelligence sources that the enemy was expending effort on measures o
combat jamming.

The use of Carpet II was therefore continued and Pittinc was extended,
frrangements were made to spread the jemming over an 80 me/s band and, as
a check on the relative noeds of the two 40 me/s bands chosen and on the
general performance of Carpet, counters were, at the suggestion of T.R.Z.,
Titted to some of the sets, These counted the number of times which the
sets stopped searching and jammed during an operation. The results obtained
with the counters were enalysed as they beceme available., I was soon
apparent that some of the counts obtained were larger than could be pro-
duced by two minuie jammin: seriods without searching periods through the
whole operstion. It was thus possible to indicete from the counts $hat the
setting up of some of the jemmers was probably incorrect. The approximate )
equality in the jamming effort expended on the two z;o me/s seaveh bands
could also be demonstrated. The use of counters was therefore considered
Yo be worthy of extension. It was hoped by uee of them and by exverimental

chenges in the sensitivity setting of the Carpets to destermine the best
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setting as the
high number of jamming neriods counted on an operation indicated that the
sets might still be esctivated by_Burzburgsat too great a Aistance. m“-
counters were provided, but the end of the Buropean war came before they
could be used with profit,

A final review of the results obtained wiﬁh Carpet failed to reveal
that the device had been beneficial to the aireraft which had carried it.
Thus the use of another device had been carried out and extended on judge=
nent only without statisticai evidence of success, This was fully justi-
Pied since, owing to the incomnlete cover of Wth'burg frequencies by Carpet,
the simultaneous use of Window and the general deterioration of the enemy
defences during its period of use, an effect large enough to be revesled
by the usual numerieal comparisons wes not to be expected. On the other
hand, the acecepted need to he orepared for operstions with forces less cone
centrated then were suitable for the use of Window and the knowledge that
the enemy wzs being obliged to spend effort on trying to avoid jamming at a
time when his resources were contraciing made the countermeasure of Carpet
desirable so long as no adverse effect of the risks of aireraft carrying it

could be perceived.
/

Signals Silence - ot <
Preliminary Considerations

In Jenuary 1944, Intelligence had established that the enemy was
ectivating I.F.W. sels left switched on in bomber aireraf't end wae using
the resulting tronsmissions to obtain early warning of the approach of o
raid and to plot its course. This was relatively easy to check by ensuring
as far as possible that no I.F.F., sete were switched ons By June, however,
it bad become known that the enemy was also obtaining information about
bomber movements by plotting the soures of other radiation including that
from the R.C.M. equipment, teil-warning devices and thé navigational aid
% There was alsc a suspicion that enemy fighters were being equipped
with devices which permitted them to home on to bomber's tranemissions,

fadiastion from bombere could not of course be stopped without loss of the
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benefits conferred by use of the radiating devices, snd this loss had to be
weighed against the srobable saving likely to result from denial of their
use to the enemy plotting system.

This was not a matter in which quantitaitive balances could be struck
and much discussion resulted within the Command and with T.R.E. on the
probable performence of the enemy listening equipment. There was one
rather doubtful piece of evidence from analysis of operationzl date. In
one cperation which involved two targets, the two forces differed oconsider~
ably in the proportion of sireraft using &. The force making most use
of this device was much more heavily engeged by enemy fighters then was the
other, and it was consideved that the fighter controller might have
assessed the relative importance of the two rzids on the basis of the
rediation picked up (Report No. B,213 'Report on Losses in Night Operations
21/22 June 1944, VWesseling = Sehaiven').m

The general problem was fully discussed at a meeting of the Operational
Research Committee on Tactical Countermeasures to Enemy Wight Fghters and
Lehs defences on 11 July, 1944, The primary purpgseof this meeting was to
consider measures which would assist the rrotection of thebomber force
during the winter 1944/45. T.R.E. put forward suzgestions that the bomber
force should no longer be flown to the target in a compact stream but should
be used in a much reduced concentration in space, relisnce being pleced in
electrical jamming to counter the enemy's Wurzburgs amd 4.I. ('Aids to the
Bomber Offensive during the winter 1944/45, Part I, Bomber Losses' 23.Juncly
=~ paper submitted by Chief Superintendent T.R,5. to the 0.R.C. Sub-Comaittee.
The Bomber Command 0.R.S. view was that the poseibility of fighters homing
to bomber radistions could defeat such a scheme. The Jammers earried for
the bomvers' protection would themselves become homing beacons, and it
appeared very doulful if jamming of the enemy A.I. would be sufficiently
effective to prevent its use for completing an interception initiated by
homing., Air Staff represented that 2&2*51'& was an essential aid to naviga-
tion and since if this device wers used theve wes little point in ceasing ;he

use of other rediating devices, the Sub-Committees conclusion was that the
[Commeng
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Command should be prepared to vary its tactics as much as possibis,

careﬁ;l wateh being kept on the losses of aireraft carrying radiating
@Pmt-

Almost immediately afterwards anxiety was increased by the sure
confirmation that the enemy had equipped a »roportion of his fizhters with
devices which would permit them to home on o transmissions from the taile
warning device Monica or from the navicational aid H2S., An epprecistion
of the dengers of the enemy development and of the possible countermeasures
was prepared jointly by the Signals branch snd 0.R.S. for the guidance of
the Adr Staff? (Report Wo. B.218 'An Appreciation of the Use by the BEnomy
of Tranemissions from our Bombers* ). 1)

It was clear that there were four ways in which the enmemy might :rofit
by his receiversjy gaining early warning by srouhd liateni‘:ng, plotting_the
course of the bomber stream by ground listening, homing fighters into the
bonber stream by use of airborne receivers, and homins on to individusl
bombers by use of sirborne receivers.

Of these threats only the last one, homing on to individual aircraft,
could be assessed by reference %o operational statistics. It was possible
to show that sireraft using Honica or H2 S had loss-rates similar to those
of otherwise compareble sireraft without the devices. For Monica this
might mean that the bemefits from use as a tail-warning were being cancelled
by the disadvantases of being homed on =nd the need for seekins safeguarding
measures was emphasised.

In orderto deny the enemy early warning from transmissiong,it was
clearly necessary to stop all radiation until the force was within exnected
range of the enemy's mormal radar system. Since H2S serviceability wes
likely to be adversely affected if switchino on was delayed until the
aireraft were at operational height, it was considered that immediate
.ord.ers to delay trensmission were inadvissble, but thet the modificsation of
the HRS sets necessary to permit switching on at any time should be 9
regardied as urgent.

Eneny nlotting of the bomber foree over territory in his occupation

was »ossible by means of his own redar and his Observer E}orps. Therefore,

_ /althm@
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gonsidered thet such aid should not outweigh the sdvants-os to the bomber
foroe resulting from the use of redisting devices,

The possibility of fighters homing onto tho bombor stream wes, however,
rogarded 38 & mich more serious monace., Commnicstions between the fishtors
and Sheir ground control hed alwsys been regarded as a link in $he eney
defence chain wost vulnerable $0 gountermeasures, end the use of homers
WtammmmMMsm. It wae recom~
" mended thet should the wse of Honica contimie $o give results which
suggestod that the risk of homing onto individuel eireraft could be toler-
atedy the using airovaft should beamloyed as o separate force in onder
that unfitted aireraft should be spared the attention of fighters homing
onto the streams

Some use of st,»s‘mmmmmmrmmwmm
mmﬁm,mmhhmtmtﬂtﬁwumwtuf
should be carried out to escertein how far the use oould be restricted, end
that the development of en additional aid, Loran, should be accelerated,

A recomsendation was also made that in order to assiet in assessing the
homing danger, the airoraft ueing H2S should cosasionally be sent to the
Wmammﬂofwmm*efmmmmm
m,m:twuwimmhmew
houing in to the stream was unlikely to be achioved, sttempte to docoive
the eneuy by use of simulated bomber transuissions in Bomber Support night
fighters and %0 sooalerste the development of the Basbers’ radsr atd %o
blind firing, Aubomatio Oun Tayer (Turret) (AsGeLe(T))were resomended, ,/

Befors the proposals had been discussed fully with the Alr Staff,
mmwnmtm«Mumamm.mormmu
Elengburs homer provided evidence that snxiety abous the ability of the
tm%mmammmm'umwﬁm,m
that homing onte individual aiversft wes slso to be feared, Views on the
futuro of Woniea wers sfter further O,R.5, Sionals discussions ro-stated to |
the Afr Staff, It was ro-affirmed that Mondes 4f used at all should be
cunfined to forces wholly equipped with the device, snd that its complete
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withdrawal should be considered. A full-seale trial of a large Monica
equipped tom._against Flensburg was recommended a8 a guide to a final
decision, Such a trial was carried out, Details are given in the section
.of this chapter doalins with Vonica and all that is necessary to state here
is that the demonstration of the effectiveness of Flensburg which it
provided led to a decision to abandon the use of Monica from 12 September,
194 |
IThe Case for ZHRS
After this, spart from “H2S and a emall amount of A.G.Le(T), the

radiating devices carried were jamming and communications equipment which
need not be used until enemy territory was reached snd could be dispensed
with altogether if clear knowledge of an associated homing risk wes obtained.
The question of restricting radiation along the early stages of a route
became, therefore, concerned with the use of " .HES. The arguments relative
to the enemy's exploitation of the HH2S transmiesions had been clearly
stated in the Siznals/0.R.S. sswcrandun %o the Atr Staff, with the conclu~
sions that urgent consideration should be given to preparations to allow
the device to be switched on at operational height close to enemy territory
end to experiments designed to asssess the need for and the effect of restriocw
tions on its uee over enemy territory. Many who had been associated with
the development and use ofmf&» felt that the value of the device was being
underestimated and that sny rammums in its use even if not dirvectly
hwmmm,mtemwmmanmm lead %o & decline in
the use of the device and a consequent reduction in the success of bombing
operationg, There was tha;afm an acute division of opinion. It wae not
possible to meke a quantitative ascessment of the merits of either side and
the Commend ettempted in July and Auguet to treat eash operation on its
own merits, frequently applying restiiction in the use of "W2S on the
approach to eneay territory, The advenoe of the allied arnies had, however,

mi&-saptmhezr mimly disorganised the enemy's eaﬂy vamqing rader
system and hed thaiby given ineressed importance to the needql‘or preventing
the use of bombers! transmissions for long range plotting, mo\--uae of “H23S
was therefore resiricted along the early steges of the route fm\wu every
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Although no action was taken by the Command %o explore the effects

HE2s
of restriction on the use of Eg@¥8 over enemy territory, individual groups

put their own interpretation on the information available to them sbout
the enemy's homing devices and ap:lied considerable restrictions on
radiation, For No. 5 Group these involved the almost complete cessation
of the use of the nine centimetre &M II and restrictions on the
use of three centinetre & Herk III. This was of course disturbing
t0 those who regarded ﬁﬁeﬁ% as an essential ald to accurate nevigation
and bombing. They argued that even if successful results were obtained
temporarily on raids which were not penetrating deeply into enemy terri~
tory the expected decline in training end in general interest in M H2s
would have serious effects on future operations,
The Comnand Polioy Decisions

On 22 September, a Bomber Commend conference fully representative
of the many branches and estsblishments within and outside the Commend
discuesed the issues in an atiempt to arrive at a firm line of policy. The
OeRaSe view put to the meeting was that there could be no guestion of
the necegsity to delay switching m;&on the ap roach to enexmy
territory. The military advance had in addition to disrupting the enexmy's
redsr gystem made cossible the use of the navigational aid Cee nearly
up to the enemy's fronilers, thereby making the use of ﬂﬂ'i on the early
stagsé of the roufe wmecessary as well as undesirable, Homing on to
individual aircraft or into the bomber stream by the use of & trange
missions were regarded as menaces not requiring immediste action but
calling Pfor comsideration and oreparation. The only argument advenced
against this policy was thet the delayed switching on of ;?“i on cvexy
operation regardless of the height of arsproach would involve an increase
in the unservicesbility of the equipment and the modificatione necessary
to avoid the risk were likely %o teke some months to sccomplish. The
conclusion reached was that the justification for this enxiety should be

H2g
sought in experience and thal #ég@ee should not be used outside enemy radar

renge when sliernative navigebtional zssistance was available.

/The
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‘ The matter wes further discussed at a meeting of the Command Tactiecal
Plenning Committee on 30 September. The O:,8, submitted & map of the
Wmm;_vrmWMmmemmmammw

;i; Wes umecessery, until the enemy frontier was aprroached.
‘ The conclusion of the R.C.M. policy meeting was confirmed and the
policy beceme fimly estzblished thet the navicational aid on the approach
to enemy territory should be Gee for as great o distance as was possible,
iz only being brought into use in time to obtain a zood fix before
ruming out of Gee range. Other transmissions, except that from the
blind~firing aid A.G.L.{T) were also restricted amnd the approach of the
force without use of its radio and raﬂ.ar equipment became established

&8 2 radio courtermessure, }mawn_br:i.efly as 'Signals Silence?,

Zhe Case of 4.G.L.(7T)

£46.Le(T) was a special case beceuse there were grester difficulties in

switching on this device at operational heisht than there were for %
Special consideration was given to ity =and it wes coneluded that so long
as the nmumber of sets in the force remazined emall, radiotion could be
permitted since the enemy's ability to distinguish b listening between

& small number of aireraft carvying A.C.l.(T) and intruder fighters
carrying A.I. Hark X wes doubted (Report No. 226 'The Possible Exploitation

of AeC.Le(T) transmissions for »plotting and Homing').(ﬂ

The adoption of'Signals Silence'as 2 routine operztional instruction
did not stop controversy, largely beoause independent lines of action were
still pursued by the groups who were not uniil 13 October, i.e. three months
after the first measures to resiriet radistion, provided with an authorite-
tive explenation of the Command policy. This explanation, prepaved in
collaboration by the Signals end 0.R.8, branches and issued over the
gignature of the Deputy coma.nde:‘-in-chief pointed out the great advaniszzes
to be gained by denyins carly werning to the enemy in t}la 'Signals Silerco!
approach, but pointed out thet mo information was available from operational
statistics or other sources that homing by fichters onto individusl sircrast

Jwas
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was possible, Restrictions on the use of ﬁ?mge exceedins those laid down
by Command were, however, still ordered, particularly by Wo., 5 Croup which
was usually opereting alone.

The evidence provided by intercepted ememy fighter contrel radio
tz;afﬁc showed clearly that from September onwards the range of the enemy's
first plots on the bomber force was much reduced. Information om the nature
of the first plots wsz not, however, sufficiently cood to ensble an asses-
ment to be mede of the relative contributions to this result of 'Signals
Silence', in view of the disruption of the enemy's cerly warning radar
chzin by the militery advance and improvements in operation of the Ha?ml
screens

Comparative statistics on casualties continued to give no cause for
anxiety about enemy homing onto individusl &%g&o carrying aireraft, and the
general reduction in casualties suggested that homing on to the strean
was not being accomplished on anything but a small scale. On the other
hand, there was no resson to suppose thaet the Groups' restrictions on the
use of % had an adverse effect on the success of their operations and
an exemination of the track-keeping and time-keeping after the introduction
of 'Signals Silence! showed that they were similar to those obtaining when
g& was in full use. Although the advice given to and accepted by the
Command 4ir Staff had been against some of the restrictive actions of the
Groups, the inclination wes to regard these actions in the light of useful
experiments since a wmore severe general restriction hed to be visualised
as a future reguirement.

The Commend®s policy in this matter was still considered to be unsound
in & number of high quarters, and it was agreed that a full investiszation
into the operation of radiation restrictions should be undertaken by a
senior officer of T,R.E. His report, although agreeing thet the Command
policy was justified, tended to the view that action had originally been
teken on insufficient evidence. This, intended eas criticism, was in effect
a compliment for alweys in the radio war it was necessary to act quickly g
on judgements supported by inadequate evidence, and in this case bhere was
absolutely no doubt that the judgement had been correct.

. V. ccseanvaoove
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‘The re-entry to the Continent in 194L was clearly ay enteryrise which
called for meximum ef-_iforts to achieve surprise. Since = principal egency
against surprise was the enemy rader system, an elzborate plan of destruce
tion and deception was repared ageinst that system. The general recuire-
mente for Radio Countermeassures in support of the landing operations were
laid down by the Naval ond Adr Staffs concerned in consultation with TeRells
snd others, but much of the detailed planning of the R.C.M, operations
necessarily develved on Bomber Comsand, at that time the only Command
having large-seale experience of R.C.M. and rossessing the required devices,
This detailed planning was the resvonsibility of the Signals brench, but
at ell stages of the preparation the programse was discussed by a joint
Committee of Signzls and 0,R.S. staff.

4 Tull account of $he plan finelly prepared and suceessfully carried
out has been given clsewhers () Briefly, the plen involved the simulation
by meens of Window released from aircraft of convoys approaching two parts
of the coast, the »rovision of = Nandrel screen to cover the approach of
' simulolion of airbetne forees
airborne fmes,\tiy Window and the jamming of enemy V.H.P. commmications by
meens of A.B.C. The mode of operation of the landrel screen and of the
4+B.C. aireraft was setiled in discussion betveen Simals and 0.2.5.
representatives. The methods used were essentially those used in Planning
the Mandrel screen for bombing operstions (Report Nos. S. 114.8®ard 3.216}.‘2‘)
The development of the schemes for Window feinte called, however, for o

S'_Deoific Stu@' by 0.,R,8,

The reguirement for the use of Window originally made was to supplement
electrical jamming in order %o black ocut the eneny radar observation of U
areas in the Chammel, and to provide cover for the airborne foreces. These
projects were duscussed at T.R.E. who had been concerned with the broad .
plan and had proposed many of the schemes, and a detailed scheme was then.
prepared (Report No, B.202 = 'in Istimate of the Window and Adverafs
required to provide cover requested by L.E.4.F.')s It was considered thet

[ihe
i’; A.HoByllarr, The Iib. of H.W. W’ VO].-III..
2) AHR/1/69/175B) and A-H-B/TM/a.1/4 o App.0.R.©.
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the best means of producing a complete blackeout either for the concealoent
of surface forces in the chamnel or for covering the appreach of the sir
borne forees was to release Window in sufficjent quantify to nroduce a dense
cloud of dispersed dipoles rather than to rely on £illing the timeebsse of
The enemy radar with discrete echoes from individual bundles as wes the
practice in bomber operations, The T.R.E, recommendation was that in order
to achieve this effect, four times the amount of Window needed to £ill the
time-base with discrete echoes would have to be relezsed. 4 cslculation
was therefore made of the Window demsity required to £ill the time-bases

of the ememy coastal radar installations, Giant Wurzburg, Froys and Seetalkt,
situated in the most favourable position, for observation with the discrote
echoes ot the shortest renge ot which black-out was required. This density
maltiplied by four was then assumed to be the density to be aimed et Tor
complete black-~out.

The areas required to be blacked out were 20 x 15 miles, but it was
considered thet this should be increased by ten miles in each direction o
allow for navigational error and wind drift of Window, It was estimated
that the Window released from ome aireraft would cover a leme of width
three miles, and thet therefore . cover the roauired front of 30 miles,
ten lanes of aireraft would be required, Since renewal of the Window was
required every 15 minutes, the total distance o be covered in 15 minutes was
double the depth of the area (25 miles) for each of 10 lames. 10 aireraft
flying at a true airspeed of 200 m.p.h. would thus be just able to deal with
one area, flying along peths three miles apert to and from the cosst,
releasing Window on the runs towards the cozst.

It was estimated 'bhat'enh airereft would need to dischavge Window
bundles at the following retes per minute; 72 for_Wurzburs freguencies,

12 for Freya frequencies, and 6 for Seetakt frequencies, i.e. 90 bundles per
minute for all types. Although it was sugmested that the rate of releasc
could be msde practicable by packing the Window so that the equivalent

of four bundles could be released simltancously end by providing additional
crew and launching positions, the total quantity of Window to be carricd by

faach
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each aireraft for the screening of the Naval forces was estimated at
2,215 pounds, oceupyin: a space of 55 cubic feet. The emounts reguired
for the sereeming of the airborne forces were somewhat less, but wewe still
formidable, It was recommended that the stowage and launchinz problems be
explored immediately,

It was decided by the Alr Steff that Wellington aireraft of the 0.T.Us |
should, if poa_sihle » perform the operation becsuse = full effort from the
bomber force would be reguired for other purposes, An O.R.S. representative
therefore, visited an 0.7.U. to investigate the gtowage and launching
problems in the Wellington. Triels of Window stowage end launching were
carried out under conditions of flight similar to those exnected on the
- operation. It wes concluded that subject to a few minor modifications to
the aircreft snd to the packing of the Window, the proposals wade were
wholly oracticable. A revised version of Bomber Commend O.R.ZS. Repert
No. B.202 was issued on 24th March, 1944, incorporating the proposals for
stowing and launching resulting from the trisls. Training for the operation
began in No, 92 Group and, efter some experience had been gained, various
problems concerning navigation snd the arrangexzents for training wére
discussed with the group representatives,

Plans had just been worked out whem a revision of the part to be

played by Window was oroposed,

Two of the areas in the chammel which it had been proposed to drench
with Window were not to be used by real asssult forces but weve intended as
feints, It had been suggested by T.R,B. that realistic feints could be
produced if Wiﬂdow were uged to simulete neval forces., Initial opinions
hed not been very favourable to such a scheme owing o the high degree of
navigational accuracy which would be reguired for its success, and the
black~out sheeme hed therefore been developed. However, trials on & limitod
scale conducted by the Royal Navy and the Allied Ixpeditiomery 4ir Foroe, (
with T.R.E. belp showed that the scheme was by no means impractical. A
request wae made, therefore, to Bomber Command that such a plen be substi-
tuted for the one under seotive prepsration. It was proposed in addition
that the airborne. forces should be protected by the use of Window sided

feints instead of by direct screening, /The
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The proposals were discussed between representatives of the Sismals
and O,R.5. branches of Bomber Command, A.E.A.F, and TeRsEs on 18 Aprid 1944,
The plan for simulation of a convoy which had emerged from the triale wam
that aireraft flying very accurately on ellinticsl orbits sbout 10 miles
long releasing Window of approprizte type along the straight runs of the
orbit, which were to be two miles apart and should at cach suceessive orbid
approach nearer to the coast by the distonce which a convoy would move
during the orbit time, In order to masintzin the illusion of 2 surface force
the sizes of Window bundles were to be adjusted as the orbitting aireraft
approached the coast in order that the size of echoes produced should vary
in accordence with the change in echoing nower of surface fargets with
distence. It wes agreed that arrengements would be made to try out the
proposed sbheme, These were to inelude the provision of & rader site
suitebly equipped and situated relative to Gee laitice lines similarly to
the operationsl ares. The O.R.S. was aslked to prepare a detailed schems
for the aireraft flights end Window release,

“Ehe"bmaﬁ outlines of the type of flying and accuracy of navigation
required were discussed with Ne. 92 Group on the basis of the experience
gained in this training for the imitial scheme, It appeared that the use
of Wellington aireraft with 0.7.U, standards of nevizetion would not permit
a scheme wherein each airersft completed an ellintical orbit and an alternse
tive plen was prepared which invelved an aceurate run along a Gee lattice
line in one direction only. This of course doublod the number of anircraft
required. A further increase in nmumber of aireraft was necessitated by the
faet that three boxes of orbitting asircraft were required in order to NTG-
duce the desived length of ‘convoy' instead of the two boxos hoped for,

It was, however, considered thetfurther trials should be mede with o view
to retention of the elliptical orbit,

The size of Window bundle requived at the ecoveral ‘stages of the
simulation was ostimated from T.R.E. reperts on the echoing properties of ;
surface targets. It was estimacied from reports on the initial triale that
the operation could be performed with six sizes of bundle, a schedule of the

[times
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tines for release of bundles of the appropriate size was prepared, and

the total requirements for the various sizes of bundle was calculated,
Suggestions were made for packins this special Window in ways # which would
faeilitete the chonge over from type to type in the aiveraft,

Similer estimates were made for the plammed simulation of airborme
forces, The results of these considerstions (Report No, B.206 'in
Estimate of the Window and aireraft required for the Revised A.8,4.F. Plsnt -~
22 April 194)) LI forwarded by the Adr Staff to SHARF,

T.R.E. also gave consideration to the nroblem (Report No. 5/191/2¢
'Use of Window to simmlate low level targets in enemy rader' - 28 April
1944) (2) They suggested that sufficient nevigational accuracy would be
achieved if the ellipiical orbits were flown, and zecurate fixes obiained
only when the aireraft turned off the straight run, reliance beins nlaced
on aceurate turning to position the seeond straight leg of the orbit. The
T.R.E. proposals for Window bundle sizes differed immaterially from those
made in the 0.R.S. report which were already being acted on. The navice-
tional problems were discussed between TuReEs and 0.R.S, and trials agreed
on.

lisanwhile, discussions had been carried on at Bomber Command between
O:2.5. and Signals which resulted in a conclusion that the Window feints
required 2 navigational standard above that of the 0.T.Uss Therefore, the
recommendation was made to the Air Staff that, although simulation of the
alrborne forces could remain an O.T.U, commitment, the convoy simmlstion
ghould be made the task of & three flight operational sguadron., As a result
No. 617 Squadron was nominated to prepare for the convoy simulation., The
Squadron Commander was called into discussion at Bomber Commsnd on 7 May
194k, the basis being an 0.3,5. memorandum sumnarising the scheme laid down
in 0.2.8. Report No. B.206 znd embodyins the results of discussions with
T.R.E. on the navigational problems. It was agreed that the necessary
training should begin immediately, and that an attempt should be made within

r

a week to decide whether the operation would be preeticsble.

/in

(1) L.H.B./1m/al/ta (22 4pr. 1944).
(2)
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in 0.R.S. representative visited the squadron to explain and discuss
the scheme with the navigators, assist in arrangements for training, and
in the sssesement of results. It wes quickly appsvemt that although
~ training flights could be made anywhere, assessment of the acouracy by
means of ground photographs presented great difficulties, and it was
mmim#tha cosstal radar site which had been sllotted for trials
of the simulation ghould be used throughout training. This was arranged,
snd it was soon shown thet the squadron would be capable of performing
the operation with the accuracy required. When this was established, the
further development of the navigational technique was left to TuR4E.,
while O.R¢S. .pud. more attention to the Window aspects., The development of
several new types in addition to the special bundles for the convoy
simulgtion was then going on in order to cover Seektakt and Freys
frequencies and in order to have double units for uee in high rates of
discharge. Questions arising on the suitebility of these types and of
their packing for the tasks in hand, the production of the necessary
quantities and their despateh to the correct destinations were a constant
responsibility,

The method used by No. 617 Squadron relied entirely upon the navige-
tional aid Gee. Since the operation was to be performed at low level
doubts were felt about the reception of Gee pulses in the proposed opers~
tional sreas, Test flights showed that in one of these areas, the doubts
were fully justified, Meens of overcoming the difficulty were discussed
at Bomber Command and a possible solution apoeared to be the use of a
combination of Gee and snother navigational aid Gee-H. This solution was
adopted by the Air Staff, and the only squadron trained in the Gee<H
technique, No, 218, was allotted the convoy simulation task in one area,

No. 617 Squadron being left to cover the area in which Gee was adequate for
the task,

The 0.R.S. representative who had already been assisting No. 218
Squadron in Gee~H training wee delegated to assist in the special training,

and it was soon established that this squadron also would be able to perform
the required operation. Thereafter, no major changes had to be made,

although
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although numerous points arose as the operational plan as a whole became
more clear, These were normally settled in the Signals/O.R.S. discussions,

When the time came for the issue of final operational instructions ,
the 0.R.S. prepared schedules of Window release and, in conjunction with
T.R.E. and the Signzls branch, prepared detailed navigational instructions
for each aircraft, including the Gee and Gee-H co-ordinates required for
the turning points of every orbit. The operations were carried through
with every appesrance of success, and as became known lam contributed
considersbly to the surprise effected by the assault, :

The simmlation of airborme forces invelved little preparation. The
plan as laid down in Report No, B.206, with the amendments mede necessary
by changes in the places and times of operation, was carried through with~
out trouble,

{
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