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Preface

During the wax a large number of radio navigation and blind bombingsystems were developed, together with systems to assist aircraft to home
to and land on airfields when weather and visibility were poor. Many were
developed for particular types of aircraft or to suit particular operational
conditions, and were not, therefore, suitable for wide adoption in the Royal
Air Force as a whole. While operational requirements of individual commands,
or of forces used in different tactical roles, were often conflicting or contradictory,
the only limitations on production of equipments to meet the varying require
ments were those of inventiveness and manufacturing capacity. .There was,
therefore, no urgent need for standardisation or close co-ordination of require
ments, and many aircraft radio systems were developed to fulfil certain limited
requirements. The development of radio for fighter aircraft is narrated in
Volume V of the Royal Air Force Signals History, for the detection and location
of enemy submarines and surface vessels in Volume VI, and for employment in
radio counter-measures in Volume VII, This monograph deals with the
development, production and operational use of aircraft wireless and radar
equipment not covered by the more specialised volumes, and includes an account
of the pre-war development of wireless direction-finding and aircraft communi
cation systems.
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Introduction

' Aircraft radio systems were extensively used by the Royal Air Force during
the Second World War to enable all types of aircraft to be operated effectively
by day and night in practically all weather conditions. Although radio
well established as a means of providing assistance to air navigation before
the war, the available systems suffered from very serious limitations. These
were largely overcome during the course of the war by developments in radio
technique. Many new aircraft radio devices, systems, and methods were evolved
and applied for the specific purposes of different types of aircraft. Outstanding
improvements were made in aircraft radio communications and new radio
systems were developed for aircraft direction and position finding. Entirely
new aircraft radio systems were designed and developed for a large variety
of specialised aircraft functions, including aircraft interception, target location,
precision blind bombing and the detection and location of shipping and sub
marines. Numerous other important applications of radio, which were made as
a result of wartime experience of radio requirements for operations, included
means for providing warning of approaching aircraft and automatic aiming and
firing of aircraft guns. New radio systems were also introduced to give better
facilities for aircraft ' homing' and more reliable assistance in approach and
landing.

These systems, and many other notable innovations in the radio sphere, have
endowed the Royal Air Force with enormous increases in its effective operational
capabilities and striking power. They enabled aircraft to be operated, and to
deliver their attacks, in adverse weather conditions which had previously
restricted their full and effective use, provided means for detecting and locating
unseen targets on land, in the air and at sea, and for improving the accuracy,
timing asid concentration of air attacks. Aircraft radio thus enabled air power
to be applied, during the Second World War, with greater accuracy, precision
and economy, than ever before. It also greatly extended the scope and frequency
of air operations. These achievements led inevitably to the conclusion that
aircraft radio had become a vital factor of air power.

was
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CHAPTER 1

PRE-WAR DEVELOPMENT TRENDS

There can be no better way of appreciating the influence of radio on air power,
and of understanding the functions of aircraft radio, than by studying develop
ment which led to the provision of the radio systems used by the Royal Air
Force in the Second World War. The advance made in the two distinct and

separate sciences of aeronautics and radio were unrelated ;  progress in either
or both did not necessarily represent a development in aircraft radio. It was

only when developments in radio technique were deliberately applied to specific
purposes in aviation that real progress was achieved in the sphere of aircraft
radio. Whilst this may appear to be obvious in retrospect, it was certainly not
evident until compelling circumstances, from time to time, resulted in the
development of various applications of radio for installation in aircraft to

increase the effectiveness of aircraft as weapons of war. The development of
aircraft radio was thus, right from the start, directly dependent on fundamental
developments made in both aeronautics and radio. It so happened that wireless
communication and powered flight were both demonstrated as practical
propositions at the beginning of the twentieth century. From then onwards,
remarkable progress wels achieved in both fields. It was, however, the
combination of the two separate lines of progress which was to be of vital
importance in war.

Inception of Radio and Aircraft

The origins of radio may be assumed to date from the important theoretical
demonstration of electro-magnetic waves given by James Clark Maxwell to the
Royal Society in 1864. This theory impelled scientists in many countries to
conduct research and experiment to produce the waves described by Maxwell.
It was not until the year 1887, however, that Heinrich Rudolf Hertz, of the
University of Bonn, published the results of experiments in which he had
succeeded in producing wireless waves by means of oscillating currents, thus
confirming what Maxwell had discovered and proved mathematically.^ In 1889,
Professor Oliver Lodge was able to measure dectrical radiation and, four years
later, Edouard Branley invented the coherer, to receive Hertzian waves, which
he described to the British Assodation at Edinburgh in 1893. In the same year,
Nikola Testa published the results qf his researches on high frequency currents
and this contributed much to later work on wireless telegraphy. Also, in the
year 1893, Hertz had shown that both light and electro-magnetic energy could
be reflected in the form of a beam by means of concave mirrors. He made use
of parabolic mirrors about two metres high and one metre wide and obtained
successful results using a wavelength of about two-thirds of a metre. Such
mirrors and their reflected beams were to be the radar scanners of the Second

World War. In 1895, William Rutherford set up apparatus, in the Cavendish
Laboratory, by which he received signals transmit!^ from an oscillator over a

^ H. Hertz, Electric Waves, English translation, 1909. •
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distance of half a mile. During 1897, Professor F. Braun invented the cathode
ray tube, for use as a laboratory instrument.' It is interesting to note that the
firm of A.C. Cossor was manufacturing cathode ray oscillographs in 1902.
Marconi was the first to demonstrate the practical utility of wireless telegraphy
by establishing communication between Poldhu in Cornwall and St. Johns in
Newfoundland in 1901. From the year 1^9 onwards there were many new
inventions in connection with wireless, particularly for the screening of wireless
aerials in certain directions and for reflecting wireless waves. The object of
using reflectors and screens was to prevent the wide dispersal of the energy in all
directions and to concentrate it in a desired direction. It thus became well
established that radio waves were reflected by material objects, and especially
by metal reflectors of suitable dimensions. Wire screens and reflectors were
used instead of parabolic mirrors since high power could only be generated on
very long wavelengths and it was not practicable to make mirrors to suit such
wavelengths. Mirrors were thus discarded until some thirty years later when
they were used by the G.P.O. for beaming very short wavelength radio telephony
communication across the Bristol Channel between Weston-super-Mare and
Cardiff.* The development of wireless aerials and reflectors attracted the
attention of many experimenters to the directive properties of certain types of
aerials.® Consequently, between 1^9 and 1906 there was a spate of patents
taken out for directional types of aerials, including opep spaced aerials, closed
loops, and frame aerials. Some of them enabled the direction of incoming
wireless waves to be determined when the aerial was arranged so that maximum
signal intensity could be determined in a wireless receiver. The directional
properties of the conveniently handled frame aerial were soon well understood
and applied on many ships. In 1907, a method was introduced by E. Bellini
and A. Tosi which avoided the need for rotating large spaced aerials in order to
find the direction of incoming waves, and this device became known as a radio
goniometer. Its development resulted in the famous Beliini-Tosi direction
finding stations which were used by the Royal Air Force for many years. One
of the most important advances ever made in wireless technique was the
invention of the thermionic valve in 1904 by J. A. Fleming, This enabled
continuous waves to be generated, detected and amplified. Eventually, it
enabled spark transmitters and coherer receivers to be superseded by valve
equipment.^

Wireless was thus in its first stages of development as a means of
communication and direction finding in 1903 when the Wright brothers’ first
power-driven aeroplane was flown for a distance of half a mile. Six years
later, when, in 1909, they had greatly improved their aircraft and complied
with the terms of a United States Government specification for a flying machine,
wireless was already being used by many ships although it was still little more
than an experimental novelty. The Royal Navy had set up a wireless section
' The Cathode Ray Oscilloscope in Radio Research, H.M.S.O., April 1933.
* A demonsfxation o£ beaming very short wavelengths across the English Channel was

given by the Standard Telephones and Cables Company in 1930. Equipment made by this
firm was used in Octob'er 1932 when a V.H.F. radio telephone link was opened by the G.P.O.
lor public service between Weston-super-Mare and Bristol with the radio terminals at
Hutton and Dinas Powis. The wavelength used <vas approximately 5 metres.
• R. Keen, Wireless Direction Finding. 4th edition.
‘ It was decided in 1919 that in future all Royal Air Force Wireless apparatus should be

designed to reduce interference caused by the spark system. {A.H.B./IIA/1/53. D, of
Plans Folder, Wireless.)
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m H.M,S, Vernofi and, in 1907, the 1st Wireless Company of the Royal
Engineers had been formed at Famborough, where it was assisting the R.E.
Balloon School ‘ , to devise wireless communication between balloons

and the ground . . .* The first experiments were made in a captive balloon.
One of the earliest reports of wireless communication between air and

ground stated that ' In May 1908, a free run was made in the Army
balloon Pegasus in which a receiver of wireless had been installed. When
the balloon was over Petersfield very good signals were received from the
Aldershot wireless station which was 20 miles distant. .  . .' During the
same month some success was also achieved in the sending of wireless
messages from the balloon. Experiments were also made at this time with
wireless transmitters and receivers in aircraft, but reception was not possible.
One pilot reported that the vibration and noise in the aircraft made it difficult
to hear anything other than the aircraft engine and he reported that the
problem of reception was complicated by ' the risk of fire, the splashes
of oil and the rush of air ‘ On 27 January 1911 the Army airship Beta
went up from Famborough equipped with wireless apparatus and many
messages were sent from the airship to the ground up to a range of 30 miles.
For a short time, while the airship engine stopped running, it was found
possible to receive messages from the ground.^

In 1912, the first R.N.A.S, aircraft was fitted with wireless. This was the

Short hydroplane S.41 known as H.M.S. Amphibian. The W/T equipment
consisted of a 30-watt spark transmitter and a small crystal receiver and the
range obtained was from three to five miles. For the Army manoeuvres of
1912 the airships Gamma and Delta were fitted with wireless equipment.
The Delta broke down but the Gamma was an unqualified success. Her
signals were received loud and clear at a distance of 35 miles. Also in 1912,
M. Lucien Rouzet invented a light-weight engine-driven transmitter which
he brought over from France and demonstrated in England. A number of
these sets were purchased for the naval and militaiy wings of the Royal Flying
Corps. By 1913, 26 seaplanes had been equipped with Rouzet sets and the
aircraft were engaged on W/T communication trials  ; reception experiments
were also carried out with crystal receivers. Shortly before the Army
manoeuvres in 1913 Lieut. B. T. James, piloting a B.E. aeroplane, succeeded
in receiving wireless signals with his engine running at full power in the air.
This remarkable success had been achieved by screening the wireless receiver
from engine magneto interference by enclosing it with a thin iron box and
by screening all the leads by wrapping them with copper tape. Also, the
received signals were strengthened with relays invented by S. G. Brown.®

It had already been established by 1913 therefore that, whilst aircraft and
wireless offered, individually, novel and rapid means of transport and
communications, in combination they would provide  a new means for
reconnaissance in war. The Royal Naval Air Service and the Royal Flying
Corps had been formed from the naval and military flying wings of the R.F.C.
before war broke out in 1914, and the role of aircraft fitted with wireless had

already been decided and tested during exercise manoeuvres on land and at
sea. The aircraft of the R.N.A.S. were to be used for maritime reconnaissance

^ Raleigh, The War in the Air, Volume 1, Oxford University Press, 1922.
* A.H,B./IIE/246. HisUjry of Wireless Telegraphy in the R.N.4.S., R.F.C., and R.A.F.,

1914-1918:
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was developed at the R.F.C. Experimental Wireless Section and
demonstrated in 1916, Radio telephony was introduced experimentally in
two squadrons in France in 1917 and large numbers of aircraft were equipped
during the following year. With e.xperience improvements were made in the
apparatus, and the careful fitting of flying helmets was recognised as one of
the most important needs for efficient R/T working. The facility of direct
speech by radio telephony between aircraft and base, and between pilots in
formation, was only of limited tactical value at first since the quality of reception
was poor. Various factors militated against the success of radio telephony
in aircraft, amongst the more important being the use of a trailing aerial which
was an encumbrance to fighter aircraft and which had to be dropped when
enemy aircraft were sighted; the discomfort caused by head telephones,
which was eventually overcome by including trained helmet fitters in
squadrons; the high degree of concentration required to send and receive
messages successfully ; the high incidence of equipment unserviceability which
could not be remedied until a completely efficient servicing organisation had
been developed. In June 1918 radio telephony was introduced in the United
Kingdom Home Defence system for purposes of passing raid information and
directing the movements of defending aircraft towards interception of the
enemy.

In the war at sea. all airships and aeroplanes were fitted with wireless for
their duties on naval co-operation both in home waters and abroad. In March
1915 a small S.S. type airship, which consisted of an aeroplane fuselage with
a gas envelope above it, was designed, and was used largely in searching for
submarines. By July 1915 several of these airships were engaged on regular
patrol work around the coast of the British Isles and by August their W/T
ranges to base and to H.M. ships were often as much as 50 miles. R.N.A.S.
aircraft fitted with wdreless were also used for spotting during naval
bombardments. In December 1915 orders were issued by the Admiralty to
the naval coastal direction-finding stations to listen-in for aircraft wireless
transmissions, and a procedure was adopted which afforded aircraft position
fixing facilities. The need for aircraft to be able to find their way to their
destination and to return without disclosing their position led to development
work on aircraft D/F installations. One of the earliest forms of aircraft
direction-finder used a loop which was capable of being rotated on a vertical
axis inside the fuselage. This enabled aircraft to take a bearing on a ground
transmitting station without making a transmission or altering the aircraft
heading. Such loops were made as large as could be. accommodated in the
aircraft, in view of the very low gain of the early wireless receivers,
as the gain of receivers was increased and amplifiers were introduced a
satisfactory D/F service was provided for the slow aeroplanes of those days.
Meanwhile, in order to obtain a greater signal pickup on transmitting stations
at greater distances and thus increase homing ranges a wing loop aerial system
was developed. This consisted of a loop of wire stuck on by doped bandages
around the edges of the mainplanes and the outer inter-plane struts of biplanes.
When the aircraft was heading towards the transmitting station signals of
minimum strength were received, and the device was used for homing. This
was improved by an invention of Captain J. Robinson who added separate
loops having their planes at right-angles to the main loop and depending
the maximum pick-up of signal to determine the heading of the ground

was
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transmitter.! All loops were, however, subject to quadrantal errors due to

the asymmetry of the metal parts of aircraft. The inherent and variable

errors of this method of aircraft D/F were not understood at that time.

At the fifth meeting of the Technical Sub-Committee of the Air Board, which
was held at the War Office on 10 November 1917, proposals were considered
by the Director of Air Services for ', . . aerial navigation by W/T directional
apparatus. , . .' The proposal was for three high-power transmitter stations
to transmit at pre-arranged times so that bearings could be taken with
directional aircr^t W/T apparatus without the necessity for aircraft W/T
transmissions to be made.® The advantages and disadvantages of the method
and its value for use by enemy Zeppelins and submarines were considered in
great detail. In reviewing the various systems of wireless direction-finding
which had been developed up to the end of 1917, it was noted that the Germans

were experimenting with a revolving directional W/T transmitter, by which
bearings could be taken in aircraft if an accurate stop watch was carried.®
At the seventh meeting of the Technical Sub-Committee of the Air Board on
7 December 1917 it was decided that four high-power W/T stations should be
used for the proposed air navigation system and each station should transmit
for five minutes once an hour,* The beacon service was required for the new
Handley Page long-distance night-bombing aircraft which had been ordered
by the Air Board in 1917 and of which the first hundred were expected to be
available on or about 1 May 1918. At the end of the war only a smaU variety
of types of wireless sets was available for general use in Royal Air Force
aircraft and they were comparatively simple in design. The successful
developments included the T.21 transmitter and Tf receiver, used in conjunction
with the Type 57 ground transmitter for reconnaissance and general aircraft
communication purposes. The T.21/Tf installation formed the basis of the
R.A.F. aircraft communication system for many years after the war. No. 1
Sterling spark transmitter was used for short-range artillery co-operation.
A receiver was not normally carried in the aircraft for these duties. For long-
range artillery co-operation a spark transmitter T3q)e 52« was carried in the
aircraft, together with a 3-valve aircraft wireless receiver. Type Mark III.
Wireless telephony was jn a state of active development and several squadrons
had already been fitted with equipment which consisted of the standard
wireless telephone transmitter and the Type Mark III receiver coupled to the
No. 12 R.A.F. amplifier. Up to the time of the signing of the armistice on
11 November 1918 wireless telephony had been used for training pilots in
formation flying, and for passing reconnaissance reports to appropriate
formation headquarters. No. 8 Squadron experimented with the use of R/T
for communication with tanks but this was not very satisfactory owing to the
difficulty of fitting a tank with an aerial suitable for use with the standard

aircraft receiver Type Mark III. Long-range Type  7 and Mark II transmitters
were fitted in seven squadrons before the end of the war for the purpose of
passing reports direct to squadron headquarters during night bombing raids.®
The increasing use of wireless in aircraft during the war is revealed by the
*A.M. Ffle Air/02792/1917.
‘A.M.FUe MR/1184. » A.H.B./IIA/1/S3.
* R.N. Air Department File Air/02772/1917. The high-power W/T stations selected lor

the beacon system were. Ipswich, Poldhu. Stonehaven, and Rinella, operating on 2,650
metres.

» A.H,B./IIE/246.
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quantities of apparatus purchased. During 1914 and 1915 aircraft wireless
sets were ordered in small quantities of one or two dozen at a time at a cost of

only a few hundred pounds. During 1917 expenditure on wireless apparatus
for the year reached a figure in the region of £150,000. In 1918 aircraft
wireless sets were being ordered in thousands, many from workshops and
factories which had never previously undertaken wireless or instrument work,
and expenditure on contracts amounted to several hundred thousand pounds.

General Development of Aircraft Radio 1919-1939

The First World War had greatly accelerated the development of aircraft
and wireless. A comparatively large proportion of the population had been
brought into contact with the two new sciences and a widespread interest had
been created in both subjects. The main types of aircraft had been evolved for

their specific tasks and included bombers, fighters, army co-operation aircraft,
fl5dng-boats and seaplanes. The advantages of wireless communication with
aircraft had been recognised, and the value of wireless direction-finding as a
complementary aid to dead-reckoning air navigation had been established. As
a result of the widespread attention which had been attracted to the poten-
tiahties of aircraft and to wireless, the period immediately following the war
saw research and development in both of those fields devoted chiefly to the
exploitation of the new techniques for peace-time purposes. They were,
however, of fundamental importance to the design of the vast number of radio

devices which were used by the Royal Air Force during the Second World War.

In order, therefore, to appreciate the apparently slow development of practical
radio means for improving the operational efficiency of aircraft, it is essential to
consider the main wireless developments during the period between the wars.

At the end of the war the attention of scientists working for the British
Government in the wireless section of the National Physical Laboratory and in
the research departments of commercial organisations was turned to investiga
tions of radio wave propagation. Various unexplained errors had been
detected in the practice of direction-finding. It was soon discovered that there

were direct ground rays from wireless transmitters and also waves which were

reflected from the upper atmosphere. The main evidence of this came from the

closed loop direction-finder which had been devised as a practical instrument
before the war and which was used chiefly as an aid to marine navigation.
During the war, the development of the method was rapid and its application
had become widespread. Its limitations were beginning to be understood
in so far as the observed bearings of fixed transmitting stations were found to

vary considerably during the night and the transition periods at sunrise and
sunset. Similar effects were noticed when bearings were taken on transmissions

from aircraft. It was this phenomenon that inspired F, Adcock in 1919 to

devise his system of direction-finding. His conception of the main cause and

cure of direction-finding errors was so complete that no fundamental change
had been made in the technique of the Adcock direction-finder even by the end
of the Second World War.

The introduction of broadcasting in 1923 was to have an ever-increasing
effect on the development and expansion of the radio industry and resulted in
the continual improvement of wireless transmitter and receiver circuit design.
In particular, many new types of wireless valves and other components were
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and receivers and there was also an insistent demand for better radio direction-

finding facilities. None of the direction-finding methods used in the 1914-1918
war was as accurate as the D/F ground station method whereby bearings were
taken on aircraft transmissions. The loop aerial proved to be the most useful
of the aircraft devices and was used as the basis of the radio compass in which
the loop was automatically orientated towards the selected radio betfcon. This

gave a continuous indication of its bearing to the pilot of an aircraft whilst the
beacon was witliin range. An improved type of rotating beam medium-frequency
radio beacon was installed at Orfordness in 1929 and another at Tangmere.
The bearings of the beacons could be determined in aircraft by using the wire
less receiver and a stop watch. After five years of trial and consideration they
were finally abandoned in 1935, chiefly because the system was insecure,
subject to interference, and capable of being used by enemy aircraft in time of
war. When metal-framed mainplanes were introduced, the loops were no longer
effective and heavy gauge copper wire loops were then stretched on supports
outboard of the mainplanes. The provision of D/F loops for monoplanes
presented considerable difficulties and eventually a small outboard loop above
or below the fuselage was used. Certain t5q)es of small ring loop were made
retractable. They were used with radio compasses which enabled a set course to

be steered by keeping a central zero dashboard instrument in the zero position.
To overcome icing troubles they were enclosed inside a streamlined casing in
which the loop could be rotated freely in all conditions.

Since the early days of aircraft a great deal of thought and research had been
devoted to possible applications of radio to give assistance to pilots when
approaching to land in conditions of low visibility. This function of aircraft radio
was first demonstrated when the German Lorenz system made its appearance in
1933. This was adopted by the Royal Air Force on an experimental basis in
December 1938 and was later adopted, in a modified fomi, as Standard Beam
Approach. The main approach beam of the Lorenz and S .B. A. systems depended
on the equi-signal path defined fay two overlapping radio beams.

The annual air exercises of the Royal Air Force held in the summer of 1934
revealed the weakness of the United Kingdom air defence system. A detailed
analysis of the results showed up clearly what was already more than a mere
suspicion. There would be little chance of our fighter aircraft intercepting
enemy bombers by night and even daylight interceptions would only be possible
in favourable conditions.^ Standing patrols of fighters would be costly and
uneconomical. Moreover, they would be quite impracticable on the scale

required to provide anything like a defence in height and depth against the new
and improved bomber aircraft. Pilots of single-seater fighter aircraft flying in
or above cloud during bad weather and at night had no means of navigation
other than their flying instruments and a magnetic compass, and they had to
rely on extremely rough-and-ready dead-reckoning without an accurate

knowledge of the wind speed and direction. They could not be given any
navigational assistance by radio since there were no facilities available in the
high-frequency wave bands used for fighter R/T. Therefore, in conditions of
poor visibility and at night, when fighter pilots could not fix their position by
seeing the ground, there was no system by which they could be given instructions
accurately enough to direct them to intercept enemy raiders. Another difficulty
was that the position and track of enemy raiders could only be estimated very

I A.M. FUe S.34808.
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station that beats were often being received on the tone transmission, from the
DoUis Hill transmitter. In all instances when this occurred, an aeroplane was
heard and seen in the neighbourhood. The only pos.sible explanation which
could be given for the phenomenon was that interference was set up between the
directly received radio waves and those which were re*radiated from the aircraft.

During the period between 16 December 1931 and 5 February 1932 observers
recorded, in the Colney Heath station log, details of such radio reflections from
83 individual aircraft. Two copies of the report were sent to the Air Ministry
on 5 September 1932, three to the Radio Research Board, and one to the

Wireless Division of the National Physical Laboratory.^ The Radio Research
Board had been set up in 1920 by the Department of Scientific and Industrial
Research, and its programme of work included investigation of the ionosphere
and study of the propagation of radio waves, under the direction of Professor
E. V. Appleton, at the radio research stations at Slough and Peterborough and
at King's College, London. The work was undertaken with a view to the long--
term improvement of radio communications. In 1924 Appleton had devised
a method of frequency modulation of continuous waves for measuring the height
of the Heaviside Layer. . This method of measuring distance by means of radio
waves did not prove as useful as had been anticipated, although it was later
used in radio altimeters. Also in 1924, the American scientists, G. Breit and
M. A. Tuve, had invented the pulse technique or group-retardation method for
obtaining an echo or reflection of radio energy from the conducting layers of the
upper atmosphere, but they did not develop it. A combination of the pulse
technique with cathode-ray tubes and linear time-bases was developed by
Professor Appleton and his colleagues from 1930 onwards. This development
greatly aided quantitative study of the ionosphere and its effect upon wireless
propagation and was certainly the most striking development which eventually
made possible, the detection of aircraft by radio.

By the end of 1934, the increasing strength of German air power, the more
aggressive foreign policy being adopted by Hitler, and the inability of the
British air defence system to meet the threat of bombing, caused the Air
Ministry to consider the possibilities of science for solving the problems of
air defence. In November 1934, at the suggestion of the Director of Scientific
Research, Mr. H. E. Wimperis, the Air Ministry set up a committee composed
of eminent scientists under the chairmanship of Mr. H. T. Tizard '... to
consider how far recent advances in scientific and technical knowledge can be
used to strengthen the present methods of defence against hostile aircraft. . . .'
The committee soon appreciated that the major problem was '... to effect
the engagement of fighter aircraft with hostile bombers .  . . ’ and they
immediately turned to the radio field for means to achieve that object. In
January 1935 the C.S.S.A.D. received a proposal for the detection and location
of aircraft by radio. On 26 February 1935 a demonstration was given to th?
committee of radio echoes being reflected from an aircraft flying in the main
beam of radiation of a radio transmitter at the B.B.C. station at Daventry.
The committee was at once convinced of the possibility of developing the
method. Mr. R. A. Watson Watt, who had presented the original proposals
and arranged the demonstration, was at that time the Superintendent of the

* G.P.O. Radio Report No. 223 dated 3 June 1932, Part 5 : ' The Further Development
of V.H-F. Transmitters and Receivers Distribution records held by the Wireless Planning
Section, Radio Branch, E.-in-C.'s Office, G.P.O. Headquarters.
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Radio Department of the National Physical Laboratory. He presented to
the C.S.S.A.D. a memorandum dated 27 February 1935 on ' the detection
and location of aircraft by radio methods . . .
experimental work at Orfordness had proved the practicability of the location
of aircraft by radio waves. Thereafter, further research and development
continued rapidly on the installation of the first few ground stations of the
Home Defence radar system.

The original proposals for the construction of a chain of ground radar stations
to give early warning of the approach of enemy aircraft also referred to the need

for identifying our own aircraft and discriminating between them and enemy
aircraft. This proposal was recognised as being an essential feature of the

radar defence system if abortive fighter sorties were to be eliminated and
incidents in which fighters attacked our own aircraft were to be avoided. The

idea was therefore developed during 1935 and 1936 but research work on the

aircraft radar identification S3rstera was not begun at Bawdsey Research
Station until the latter part of 1937. The first experimental models of the

radar equipment for identification of friend from foe, I.F.F., were encouraging
from a technical stand-point, but the excrescence of the additional radar aerial

system was a serious drawback to the adoption of the system.

In the Home Defence exercises of 1938 the M.F. D/F system was used for
the identification of friendly bomber aircraft but the method proved to be
unsatisfactory and Headquarters Fighter Command was convinced of the

need for a radar system for identifying aircraft. This had the effect of
stimulating ofiicial interest in identification experiments and an improved
method was proposed in which aircraft carried a small radar receiver and

transmitter known as a transponder. The equipment was developed and
successfully demonstrated in March 1939. Special efforts were made to produce
a small number of sets within a few months and during the air exercises in
August 1939 it was decided that the I.F.F. systeih for the identification of
friendly aircraft should be adopted, and preparations were immediately made
for large-scale production.*

Great possibilities of expanding the functions of aircraft radio to provide
new and improved facilities for aircraft were foreseen during the early
development of the radar defence system in 1935. The Committee for the
Scientific Survey of Air Defence agreed to proposals made in February 1936
for a radar system to be developed and installed in fighter aircraft to enable
them to locate and attack enemy aircraft,® There was only a relatively small
scientific staff available at Bawdsey, however, and development of the aircraft
equipment could only be undertaken at the expense of the more urgent tasks

»1 Within a few months, early

i Hadar was origiaally known as radiolocation and for security reasons was referred to as
’r.D.F. until the term radiolocation was used in the first public disclosure of the system in
June 1941. The term radar was introduced to conform to U.S.A. terminology in 1943, and
was derived from its functions of radio detection and ranging.
®The development of the I.F.F. system and its introduction to Service use are luUy

described in the

Interception '.
• Ground radar was known m R.D.F. 1 and aircraft radar as R.D.F. 2. In July 1936 the

possibility of combining infra-red ray technique and television, to enable pilots to obtain
a continuous view of ground otherwise obscured by clouds or fog, to facilitate navigation
aind blind bombing, was discussed at the Air Ministry. (A.H.B./IIA/1/53.)

Royal Air Force Signals History. Volume V: • Fighter • Control and
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of developing the long-range early warning stations. In spite of this, develop
ment was continued intermittently during the next eighteen months, and an
experimental aircraft radar installation was completed by July 1937. The
primitive radar transmitter and receiver were installed in an Anson aircraft
at Martlesham Heath and on one of its first flights radar echoes were obtained
from a small ship at a range of about five miles. On 4 September 1937 the
Anson conducted a search in very bad weather over the North Sea for a small
fleet of H.M. ships making its way to a combined exercise area. With the aid

of the radar equipment the aircraft located H.M.S. Rodmy and H.M.S.
Courageous, unmistakable echoes being received at  a range of nine miles.
The practicability of using aircraft radio for search at sea was thus established

but the main and urgent requirement was for an efficient air defence system,
and little additional assistance could be spared for the development of R,D.F.2
in the maritime reconnaissance role. To enable the applications of aircraft
radar to be distinguished, the names A.S.V. for Air to Surface Vessel and A.I.

for Aircraft Interception were brought into use.^

During the development period following the success of the initial
experiments, many improvements were incorporated which were subsequently
to prove valuable in the development of A.T., on which work was concentrated

after September 1938. The direction-finding properties of various aerial
systems were tried, and the system adopted for early aircraft radar installations
was the 'forward-looking' system, which was based on an application of the
equi-signal wireless guidance beam. The transmitting aerial radiated a fan
shaped beam in front of and below the aircraft, and search was confined to that

area. The direction of the target was determined by means of two receiving
aerials. They were designed to have overlapping lobes, and their mounting on
aircraft was so arranged that signals of equal strength were 'obtained in both

aerials only when the target was dead ahead. The signals were compared by
switching the receiver alternately from one aerial to the other. By appro
priately changing the line of flight of the aircraft the signals could be equalised
and the aircraft homed to the target.

Another method of direction-finding was developed during the latter part
of 1938. This employed a rotating half-wave dipole aerial which was common
to both the aircraft transmitter and receiver. A cathode-ray tube was used
to display the impulse reflected from target aircrdft and'ships. The echo
impulses were superimposed on a rotating radial time-base synchronised with
the rotation of the aerial, and the afterglow of the tube gave the approximate
bearing of the target.* This latter method was seen to hold great possibilities,
but its drawback at the time was that airborne radar was operating on a wave
length of just over one metre. Since the rotating aerial, to be efficient, had
to be half a wavelength long, it was not suitable for installation in aircraft

and the lobe-switching method was adopted. The scientists concerned with

the development of airborne radar realised that its potentialities would be
greatly expanded if they were able to use wavelengths of a few centimetres.
At the end of 1938, however, there were no valves available for operating at
the very high frequencies which were necessary to achieve radio wavelengths of

’ Set Roya! Air Force Signals History, Volume VI:  ‘ Radio in Maritime Warfare ’, for
the development and use of A.S.V, by the Royal Air Force during the Second World War.
“ This method was later used in centimetric wave technique.
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a few centimetres. Although Hertz had, in laboratory experiments, generated
such waves by spark excitation of small resonant circuits, he had only managed
to generate minute quantities of power on such very short wavelengths.

The early experiments with A.I. and A.S.V. were made with installations
designed to use valves which were already in existence. Valves for operating
on a wavelength of about 17 centimetres had been developed for an experimental
G.P.O. cross-channel radio teleprinter service in 1930, but they could handle
only a small fraction of the high-power pulse energy which had to be radiated
for the operation of airborne radar.^ The Admiralty Signal School had designed
and produced suitable high power silica valves for the ground radar stations
but they were not suitable for the very short wavelengths required for airborne
radar. In any event the total output of valves from the School was barely
sufficient for ground radar stations and naval communication transmitters at

the time of the crisis in September 1938.

There was an urgent operational need for valves which would operate on
higher wavelengths at the end of 1938. The maximum range achieved with
A.I. at this time was no greater than the height of the aircraft above the ground,
and this severe limitation could only be overcome by the use of a very narrow
beam which demanded an aerial small enough for fitting in aircraft. The need

for a narrow beam arose because with broad beam radiation power was
dispersed and echoes of varying strength were received from many directions
depending largely on the contours of the ground. So far as A.S,V. was
concerned, the detection of ships at ranges good enough to develop an attack
depended on the use of the largest possible ratio of effective height of aerial
to the wavelength. With radar aerials on aircraft this meant that the wave

length had to be as short as possible. It had also been determined that the
accurate measurement of direction would be greatly facilitated if centimetric

wavelengths could be used. Whilst the advantages of centimetric wavelengths
had thus been appreciated, they had not been pursued owing to the great
pressure of work on other applications of radar and because, at the beginning
of 1939, there were no valves which would handle the necessary pulse power
at tJie required frequency.

The first type of valve specially designed for pulse transmission was produced
early in 1939, and was a small metal and glass valve called the ' micro-pup'.
It was constructed with,a copper anode which was also part of the envelope.
It was much smaller than previous valves arid could be used at shorter wave

lengths. It made possible the design of A.L for night fighters where small
size was essential. A number of modified versions of the valve were soon

introduced and they were found to be suitable for use on decimetre wave

lengths, which were also used for the early versions of A.S.V. equipment.
However, it was soon apparent that the valves could not be operated efficiently
on a wavelength of less than about one metre.

The operational need for the full exploitation of radar, particularly for
aircraft equipment, was known to be dependent on the development of valves

' This micro-wave equipment is described by Macphergon and Ulrich in ' Electrical
Communications ’—April 1936. The V.H.F. radio teleprinter service operated between
Lympne and St. Inglevert. The beam was concentrated by the use of parabolic reflectors
directed towards the receiving station. The beams provided straight line transmissions
to obviate interference, including static, and to produce a steady signal for teleprinter
working. This service was provided for civil aviation purposes and the cost was borne by
the French and British Air Ministries.
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tor working on centimetre wavelengths. In the autumn ot 1939 it was
therefore decided to devote increased resources to the development of such
valves, and research teams at the University of Birmingham and at the
Clarendon Laboratory, Oxford, started a research programme. Subsequently
the research laboratories of several British commercial organisations were
also co-opted. The co-ordination of valve development had been controlled
since 19^ by the Co-ordination of Valve Development Committee, which
proved to be a most successful example of inter-Service and industrial
collaboration. It included the expert advice and assistance of leading
physicists from the Cavendish Laboratory at Cambridge and the Clarendon
Laboratory at Oxford. An offshoot of the C.V.D. was the ' lO-Centimetre

Committee ' which was set up early in 1940,
The result of this co-ordination and concentration of development was the

production of a new type of magnetron valve which had a power rating of
about ̂  kilowatt at a wavelength of 10 centimetres. This great achievement was
the result of the adaptation of the split-anode magnetron for use with cavity
resonators. It was due to the work which had been entrusted to Professor

J. T. Randall and Mr. H. A. H, Boot, and thus became known as the Randall-

Boot magnetron. G.E.C. Research Laboratories then produced a new design
of this valve (£.1189) which had a pulse output of some 10 kilowatts at a
wavelength of 10 centimetres. In the meantime the design of receiving valves
to operate on centimetre wavelengths had been developed by the Clarendon
Laboratory, the Admiralty Signals Establishment valve development team
at Bristol University, the research laboratories of the firms of Electrical and
Musical Industries and Standard Telephones and Cables, and the A.M.R.E..
as the result of which suitable oscillators and detectors were produced.^ The.
culminating point in the basic phase of centimetric development was reached
at the T.R.E. at Worth Matravers, Dorset, on 33 August 1940. when echoes
were obtained from an aircraft at a range of about six miles with the use of an

experimental installatigfljja^ie ground. All that remained was ‘ , to put
it in an aeroplane . . .'®

The development of various valves for centimetric radar was undoubtedly ‘
the most important in the whole course of wartime technical radio develop
ments. It was due to the scientists’ appreciation of the tactical po^ibilities
of pulse technique and their realisation, at an early stage in the development
of radar, of what could be done on shorter wavelengths at a power which had
not previously been generated. The Randall-Boot cavity magnetron was
working within three months of the problem being given to the inventors, and
eighteen months later centimetric radar was in daily use by both the Royal
Navy and the Royal Air Force.^

* Radio Board Memorandum—Radio (45) 26 ; 20 September 1945.
«The A.M.R.E. became the T.R.E. in May 1940.
’ The early methods of using centtmetric wav«length.<5 made use of two metal parabolic

reflectors, one for traiismiliing and one for receiving the radar reflections. At very short
wavelengths it was possible to make the mirrors a convenient sire, but for aircraft it was
necessary to Use one mirror for both purposes if possible. This was achieved in June 1941,
as a result of collaboration between the research sections of the T.R.E. and a team at the

Clarendon Laboratory, by the use of a gas-fllled cavity te.sonator. Tiiis led immediately
to the development of centimetric A.l. and A.S.V. and subsequently H2S. The basic
principle of operation of the three aircraft installations wa-s the radar scanner which radiated
a narrow beam of pulse energy and received back  ot the same reflector the radar echoes from
aircraft, from ships, or from the ground, according to the particular application.
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submitted a list of its problems and requirements of aircraft radio for
consideration by the Committee for the Scientific Survey of Air Offence in
which was stressed the need for the development of aircraft radar in its
application to bombing. Prospective functions had, however, to take second
place in view of the overriding necessity for the improvement of the air defence

system. The main features of this were the ground early warning system,
aircraft interception, and identification. All available resources were concen

trated on the extension of the early wanxing system and the development of
A.I. was given priority over all other aircraft radar functions. In June 1939
a practical A.I. installation was demonstrated to the Air Defence Committee,
of which Mr. Winston Churchill was a member. A.I. production was started
in July 1939 and on the night of 3 September a Blenheim aircraft equipped
with A.I. Mark I was flying in the London region with a member of the Bawdsey
research team acting as observer. Two other aircraft had also been fitted with

the equipment. The development of A.S,V. for locating ships at sea had to
be deliberately slowed down in favour of development of A.I. for night fighters.
Production of the A.I. equipment itself was inevitably delayed because of the
priority which had to be given to create the ground early warning, location,
and reporting system, during 1937 and 1938. Improvement of the radar
equipment of the main ea^ly warning stations had also to be deferred until a
rudimentary system gave the essential minimum of early warning. Thus, when
war broke out, although the ground radar early warning system had been
developed to a practical state of efficiency, the development of aircraft radar
was far less advanced.

The aircraft radio systems in use in the Royal Air Force before the war
provided means of communication between the ground and aircraft for assistance
in navigation and landing and also for emergency and rescue purposes. The
aircraft commxinications service enabled aircraft to receive instructions and

to report as necessary, whilst the radio direction-finding facilities provided a
rough check on the basic system of air navigation by dead-reckoning.
Additional checks on the accuracy of air navigation were available to aircraft
in suitable conditions by map reading and by astronomical observation. The
art of air navigation could not, however, be absolutely precise since the normal
concomitants of D.R., radio direction and position finding, and all visual
observation, were variable errors which could not be entirely eliminated and
which were usually aggravated by indeterminate variations in wind speed and
direction. In good weather air navigation was accurate enough for ail practical
purposes, but in bad weather, especially at night in war conditions over enemy
territory, air navigation was hardly accurate enough to enable aircraft to be
operated with good prospects of success.

In radio direction-finding one or more D/F ground stations took bearings
on a radio transmission from an aircraft which was then told its bearings from
the station. Alternatively, the plotted position of the aircraft could be passed
to it when this was determined by two or more D/F stations having taken
simultaneous bearings. Another method of radio direction-finding,  installed
in a few of the larger types of aircraft before the war, used a D/F loop
installation for taking bearings of groimd radio transmissions. Both methods
suffered from serious errors and severe limitations. The main disadvantages
were due to the inherent unreliability of the medium and high-frequency wave
bands, which had to be used before the war. The accuracy to be expected
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the target on the ground, at sea or even in the air, and to deliver an accurate
attack. These requirements provided a compelling influence on the development
and introduction of radio systems to air warfare. In this situation radio was
found to be the only practicable method for aircraft crews to fix their position,
to detect an enemy, and to locate the target in all conditions. Thus ra^o came
to be regarded as an essential primary equipment of operational aircraft.
Nevertheless, the older and approximate systems of air navigation by observ
ation continued to hold their important place in meeting the needs of the Royal
Air Force beyond the range of the new radio systems, and always irt providing
for the inevitable electrical and radio equipment failures in aircraft.
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CPIAPTER 2

H2S JVIARK I

The pre-war conception of operating bomber aircraft against enemy territory
envisaged their proceeding to target areas either independently or in small units
during the hours of daylight. It seemed reasonable to assume that in the
majority of instances the target would be found and identified with the aid of
existing navigation facilities. Experience with prediction systems other than
those controlled by radar suggested, that the risk from anti-aircraft defences
would be slight and it was believed that the bombers, despite their lower
performance, would generally be able to evade fighter attack. Early in the war
it became obvious that, with the types of aircraft available, daylight bombing
could not be maintained without prohibitive losses. The development of early
warning radar systems enabled fighters to be deployed sufficiently early to
ensure interception of approaching bombers, which were too lightly armed to
defend themselves effectively. Botli the enemy and ourselves were forced to
bomb at night as a matter of expediency. It soon became clear that navigation
and target identification at night presented problems which were beyond the
capacity of the aircrews of the rapidly expanding Bomber Command to solve
without the aid of aircraft radar. In March 1942 the introduction of Gee

resulted in an immediate improvement in the efficiency of bombing operations
but its use was confined to attacks against targets within its clearly defined
limitations of range, it was vulnerable to jamming, and it was not sufficiently
accurate to ensure that bombing was concentrated on the target when visual
identification of the target was impossible. With Gee, and later Oboe, it was
possible to concentrate raids both in space and time, and the accuracy of
bomb-aiming was vastly improved. Also these aids enabled bomber aircraft
to be routed so as to avoid heavily defended areas. But without H2S the
bombing of Berlin and many other large towns deep in Germany would not
have been a practicable proposition.

Early Re.search and Experiments on Aircraft Radar

Research on the problems of developing airborne radar to work in conjunction
with ground radar as a means of intercepting enemy aircraft was begun in 1936
by Dr. E. G. Bowen and a small team of scientists.' The most obvious difficulty
was that presented by the dimensions of the various units of a radar installation

of that time. All the early radar equipment was very large and required high
power input. It worked on the comparatively long wavelength of 13 metres,
and therefore aerial systems were too cumbersome for aircraft installation.'
Consequently it was first of all essential to reduce the size of radar equipment
and to shorten the wavelength on which it was operated. The second of these
tasks was the harder and the research team was forced to experiment at, the
limit of the available radar technique, and the performance of the resultant

' A. G. Touch. R. Hanbury Brown, P. A. Hibberd. See Royal Air Force Signals History,
Volume IV ; ‘ Radar in i^aid Reporting for detaois of early ground radar research and
development.
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equipment was consequently critical and unreliable. Another less obvious but.

nevertheless important factor in the problem was the non-availability of
important components such as flexible coaxial cable for use at a high frequency
of 200 megacycles per second, and a suitable means of providing an adequate
high-frequency power supply. Because of the lack of coaxial cable the scientists
had to use open-wire transmission lines for their experimental transmitters,
and the transmitter of the first Anson installation was fitted in the tail of the

aircraft so that the length of the transmission lines to the Yagi array on the
tailplane might be reduced to a minimum.^ The installation was therefore

inaccessible, the fire risk was high, and performance was affected by violent
and continuous vibrations. In an attempt to avoid the same feeder difficulty
the transmitter of the experimental Fairey Battle installation was built into
the leading edge of the tailplane. The absence of  a suitable power supply
enforced the use of 50-cycle power packs,’ which were very bulky and entailed
using a motor generator which overloaded the aircraft electrical systems, then
of small capacity in all types of aircraft. Another great difficulty was created
by the fact that the research team had to use rather fragile components which
had been designed for laboratory bench experiments and were never intended
for aircraft installations, a consequence of trying to pioneer a new radar wave
band with an aircraft as a laboratory. Amongst the components were the
cathode ray tubes, which were quite unsuitable; aircraft vibration set up
vibrations of the deflecting plates which caused the tubes to defocus very
noticeably at certain engine speeds. Similarly, some of the essential valves
were not appropriate. In particular the transmitting valve TY/150, upon
which great reliance had to be placed, vibrated internally to such an extent
that on many flights the anode dropped off, whilst the delicate acorn types of
receiving valve repeatedly failed. In their experiments with airborne radar the
research team had not only to contend with the difficulties of aircraft vibrations
but also with those caused by the effects of high altitude, such as extremely
low temperatures, and although the purely theoretical side of the task was
accomplished at the Bawdsey Research Station, the practical installation work
was carried out at Martlesham Heath where there were no suitable facilities.*

In spite of the many problems, by December 1936 a radar receiving system
had been installed in a Heyford aircraft, and early in 1937 a small transmitter
was also installed and flight trials were begun. Although the receiver was not
sensitive enough for its planned function of aircraft interception, responses
were obtained from coastline, harbour installations and ships at sea.* After
further development it became possible also to discriminate between responses
obtained from open country and built-up areas although the differences were
not so marked as those between land and sea echoes. Squadron Leader R. G.
Hart flew with Dr. E. G. Bowen on one of the flights and was able to distinguish
clearly the position of railway lines at Harwich. This was to prove important
when, a few years later, the need for an equipment to facilitate target location
became urgent and the possibilities of airborne radar were discussed at the
Air Ministry. Such possibilities were first indicated in December 1937 when

*  Royal Air Force Signals History, Volume VI: ' Raidio la Maritime Warfare for
further details of early experiments witli airborne radar.

“ Narrator’s interview with R. Hanbury Brown.
• See Royal Air Force Signals Histories, Volume V  : ‘ Fighter Control and Interception '

and Volume VI: ‘ Radio in Maritime Warfare for details of subsequent development of
A.T. and A.S.V.
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Dr. E, G. Bowen summarised the possible application to ‘-ground and contouf
mapping ' as follows: ‘ . . Suppose an aircraft flew a steady course along a
coastline and radiated a beam broadside to the line of flight. The echo pattern
received would consist of a direct ray, a ground reflection, and echoes from the
coastline and from objects inland. If the signals were placed on the cathode
ray tube and a photographic film moved slowly past the tube, a map would be
obtained showing details of coastline, of ships offshore, and of buildings,
embankments and the like onshore. The, kind of record which would be obtained

when flying overland cannot be predicted so easily, but it is certain that towns
and villages would show up from the surrounding country, that hedges, trees,
fnd possibly railway lines and power lines would also be in evidence . . . ’
The most urgent requirement at that time was, however, an effective long-range
early-warning ground radar system, and development of airborne radar was
allotted low priority compared -with that given to the development of ground
radar.^

Research and experiment had yielded valuable information, and the scientists
anticipated that eventually it would be possible to use airborne radar for
detecting and locating ships at sea and other aircraft in the air. Effectively
long ranges could not be obtained because of the low power characteristics of
the valves available for operating on the very short wavelengths required for
airborne radar. Two main factors limited the wavelength. For aircraft only
small aerials could be used because aerial arrays dangerously increased aero
dynamic drag, and the minimum range of detection had to be as short as-possible
in ordef that accurate information might be obtained during the final stages of
approach to a target.^ The minimum range requirement placed a rigid upper
limit on the wavelength that could be used, and the choice of wavelengths was
inevitably restricted, whilst detection at long ranges called for high power output,
which was possible only on the longer wavelengths  ; the minimum range require
ment and aerodynamic considerations both demanded the use of a very short'
wavelength. The trend of subsequent development of early airborne radar
installations was therefore determined largely by the compromise which had to
be made in the selection of the wavelength to be used.® Limitations in perform
ance had to be accepted until the right type of valve beeame available. During
the first seven months of lSi38 the small amount of scientific resources that

could be spared for work on airborne radar was directed mainly towairds the
elimination of electrical interference in aircraft and the development of aircraft
aerial systems for A.S.V. With the growth of international tension from

September 1938 until the outbreak of war, the development of A.S.V. was
regarded as being of less importance than the development of A.I. and work
was concentrated on the improvement of the air defence system.

Operational Requirement for Aircraft Radar in Bomber Aircraft

The potential value of a radar installation in bombing aircraft was not
entirely forgotten. In December 1938 the Commander-in-Chief, Bomber

Command, submitted to the Air Ministry, for consideration by the Committee
for the Scientific Survey of Air Defence, a number of operational requirements,
" i A.M.R.E. File D.2153! ~ ’
‘ Minimum range was defined as the point at which  a returned echo emerged completely

irom the direct signal between transmitter and receiver.

* The wavelength eventually used for A.S.V. Mark  I and A.l. Mark I was metres.
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and emphasised the need for an early application of airborne radar to the
solution of some of his problems.^ The matter was referred to the Super
intendent of the Bawdsey Research Station. A. P. Rowe, who, after consultation
with the airborne radar research group, outlined the specific needs of bomber
aircraft which might be met by one suitable installation. He was of the opinion
that any improvement in the effectiveness of bombing operations which could
be brought about by radar was no less important than its application to the air
defence system, and requested permission from the Air Ministry to begin
investigation of the problem of air navigation for a bomber force.*

Such a programme of research and development would have involved the
withdrawal of men and resources from the more urgent task of increasing
the efficiency of air defence, about which uneasiness existed at the Air Ministry
and Headquarters Fighter Command, and was therefore not approved.
However, the ambition to make it possible for aircraft to be navigated at night
and in bad visibility by means of an independent radar installation remained
with Dr. E. G, Bowen. In the summer of 1939 he was flown from Martlesham
Heath to the west coast of Wales in a Battle aircraft equipped with, a modified
A.I. Mark I installation. On landing he was able to give his pilot an accurate
description of the terrain over which they had passed from observation of the

echoes displayed on the cathode ray tube during the course of the flight. He
continued his experiments on a wavelength of metres, using aircraft based
at St. Athan in Wales, and on 20 February 1940 again surveyed, in a letter
to A, P. Rowe, the uses to which airborne radar might be put by bomber
aircraft. He suggested that an installation, based on the design of A.S.V. but
with different aerial arrangements and different methods of displaying
information to the pilot and navigator, might be made to radiate downwards

instead of forward or sideways, and be used as a navigation system,* With it,
a navigator could be given a continuous record on  a tape of contour sections
of the terrain over which he flew, when conditions were such that visual

observations and map reading were not possible. When over comparatively
hilly country, accurate fixes, and consequently accurate wind velocities, would
be obtainable by comparing the tape record with the appropriate map. Some
measure of discrimination between open country and built-up areas could be
made but would require skilled interpretation and probably a shorter wave

length.

Owing to the urgency of the A.I. and later the A.S.V. production and
installation programmes, active interest in the proposal lagged until 1941, when
the ineffectiveness and inaccuracy of night bombing became only too evident.
Even then the teething troubles being experienced with A.I. in the fight
against the night bomber and with A.S.V. in the anti-U-boat campaign were
of greater moment, and the large-scale bombing offensive was still a thing of
the future. At the Air Ministry and at the T.R.E. the possibility of using
centimetric wavelength radar or modified A,I. for navigation had been

’ Bawdsey Research Station File BRS/4/4/208.
“ Sir Henry Tizard noted in his diary on 17 February 1939 that ' ■ • Bowen and all

concerned are now very keen on using a form of R.D.F.2 as an aid to navigation . . . ' and
on 28 February informed Mr. A. P. Rowe that' . .  . one objection to the navigation device
is that it necessitates radio transmissions over enemy country. This may turn out to be
no more tlian a paper objection, but it is to be borne in mind . . . • ‘ A.M.R.E. File D.2153.
R.D.F,2 was the name given to aircraft radar.)

> A.M.R.E. File D.21S3.
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discussed, but it was considered that the early experiments on a wavelength
of metres had met with but scant success, and the optimistic reports of
raids in which targets had invariably been successfully found and bombed
had tended to obscure the real and pressing necd.t

In July 1941 Headquarters Bomber Command expressed satisfaction
with the general trend of navigation aids but drew attention to the fact that
there was no satisfactory means of calculating drift at night. However,
Lord Cherwell, the scientific adviser to the Prime Minister, who considered
that the whole question of target location had been neglected, asked for an
investigation of inaccurate navigation during operational flights. Attempts
had been made to heighten the standard of air navigation generally and of
astro-navigation in particular, and various means of improving existing radio
navigation aids had been suggested.* Experience obtained during leaflet
raids over Germany during the first few months of the war had shown that
navigators were not able to calculate astro sights accurately in the air in
conditions of extreme cold and when they were tired after a long and arduous
flight. The violent evasive action customarily taken by bombers made the
possibility of obtaining accurate results from astro-navigation and astro-
bombing even more remote. The desirability of installing in bomber aircraft
an additional navigator-operated direction-finding aerial was being urged by
Headquarters Bomber Command, who had also asked for the provision of
cathode ray direction-finding ground stations. It was realised that airborne
rarlar similar to A.S.V. would confer many advantages, a principal one being
that it did not rely in. any way on the use of ground stations and vvas not
therefore limited as a navigational system by distance from base. As a result
of Dr. E. G, Bowen's experiments it had seemed possible that a form of A,I,
or A.S.V. might be used to enable an aircraft to be navigated throughout
flight by following contours or characteristic features of the ground. It was
thought, however, that such a technique would be impossible if evasive action
to avoid enemy ground defences and night fighters had to be taken.

A statistical analysis was made from photographs taken on night operations
between 2 June 1941 and 25 July 1941 in order to determine the proportion of
sorties which actually reached their objectives, and to examine possible ways of
improving the effectiveness of bombing raids. Some 650 photographs relating
to 28 targets, 48 nights, and 100 separate raids were studied.® Nearly half
the photographs had been taken independently of bombing, but as in every
instance the position believed to have been photographed was named, all were
equally useful as a check on the accuracy of navigation. The summarised
conclusions arrived at were that of those aircraft recorded as having attacked
their targets, only one in three got within 5 miles; against French ports the
proportion was two in three, over Germany as a whole one iti four, and against
targets in the Ruhr only one in ten. During the full moon periods the overall
proportion was two in five, and when the moon was new only one in fifteen.
An increase in the intensity of anti-aircraft fire reduced the number of aircraft

a

1 On 15 February 1940, at the 7th. meeting of the Committee tor Scientific Survey of Air
Warfare. Professor P. M. S Blackett suggested the use of A.S.V. or radio aJttraeters for the
identification of towns, coastline ,tnd mountains as an aid to navigation. The Assistant
Chief of the Air Staff thought that trials should be undertaken but the proposal was not
supported

> A.M.. FUeC.5l721/S2. * A.M. FUe C.32357/46.
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to arrive within 5 miles oi a target in the ratio of three to two. The statistics
were related only to aircraft which claimed to have attacked the targets. The
proportion of the total number of sorties which got to within 5 miles was less

by one-third; of the total sorties only one in five were arriving within 5 miles
of the selected target. The number of photographs studied amounted to
approximately 10 per cent of the sorties carried out during the period rmder
review and might not therefore have been wholly representative, and the weather

conditions during June and July 1941 were exceptionally bad. Nevertheless,
the conclusions reached emphasised the urgent need for a great improvement
in navigation and target location. The general bombing problem could be
divided into four distinct parts i navigation to and from the target area,
identification of the target, calculation of the bomb release point, and approach
to the release point. Although during training great emphasis had been
placed on a navigator’s ability to calculate accurately the bomb release point,
the approach for the bombing run had usually been made in ideal conditions,
and the problem of navigation to, and identification of, the target in total
darkness had not been fully appreciated.

The Prime Minister was informed of the results of the investigation, and,
appreciating the seriousness of the situation in view of the approaching winter,
demanded that urgent action be taken to improve it. ‘... It is an awful

thought that perhaps three-quarters of our bombs go astray . . .' he
minuted the Chief of the Air Staff on 15 September 1941, ‘... If we could
make it half and half we should virtually have doubled our bombing power . . . ’
The Chief of the Air Staff regarded the results as ‘. . . not nearly good
enough . . . ’ and informed the Prime Minister that ‘. . . although much has
been accomplished in the past, much more must be done to improve the
accuracy of our night bombing. I regard this as perhaps the greatest of all
operational problems confronting us at the present time . . . Acting on
the assumption that ultimately it would be possible to use A.S.V. over enemy
territory, he ordered that an investigation be made of the possibility of using
A.S.V. for finding and bombing a target after navigation with Gee had taken
an aircraft to within a short distance of the objective.® Hitherto the aim of
experiments with radar in bomber aircraft had been to provide an accurate
system of navigation, but the requirement was now changed to target location
and identification.

In October 1941 the Deputy Chief of the Air Staff decided to form the Radio

Aids to Navigation Committee to examine and report upon all radio aids to
navigation and to advise him regarding their suitability for operational use,,
to co-ordinate radio and non-radio aids to navigation, to initiate development
of new methods of air navigation by radio means, and to report on the progress
made in providing the Service with radio aids to air navigation.® Headquarters
Bomber Command prepared a paper on the problem of navigating to, locating,
and bombing a target by night, for discussion by the committee at its second
meeting on 5 December 1941. It stated that dead-reckoning was the
fundamental method of navigating an aircraft and that there were three other

means of determining the position of an aircraft, map reading, astro

» A.H.B./1D3/1791 C.A.S. Folder, Navigational Aids.
« A.H.B./ID/12/193. Aids to Target Finding.
»A.M. File C.S172I/52. At the first meeting on 7 November 1941 the title of the

committee was changed to ' Radio Aids to Air Navigation Committee.’
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navigation, and radio position-finding, all of which were subject to certain
limitations.^ The limitations were described, and the possibilities of pulse
transmission, or radar, systems were mentioned. At that time Gee was still
being developed and was known to have definite limitations in range, whOst
Oboe was little more than an untried idea. The conclusion reached was that
in average conditions it could be taken that the standard of navigation had
been high if at the end of a flight of 500 miles the position error was not more
than 10 miles, Such a result could only be obtained if all the available aids to
navigation were used judiciously in conjunction with accurate dead-reckoning
calculations. The crux of the problem appeared to be that however accurately
an aircraft was navigated, the ultimate location of the target within the last
10 miles, and bombing accuracy, depended upon visual search and observation.
The navigator, having accomplished the difficult task of navigating the aircraft
to within bombing approach distance, had a still more difficult one of obtaining
a visual fix of either the target itself or some nearby identifiable landmark
from which he could make a bombing run by dead-reckoning. The search
entailed remaining in the area for sometimes as long as one hour, and as the
enemy night defences improved, was often unsuccessful. Frequently crews
thought that they had found the target when actually they were some miles
from it, and in the absence of photographs taken as the bombs were dropped
independent checking was not possible. Very few cameras for night photo
graphy were then available, and they were used only by the most efficient
crews, so that Headquarters Bomber Command was frequently misled by
reports of the degree of success achieved. A means of navigation and blind
bombing was required that would ensure a position error of only 500 yards in
a flight of 1,000 miles in all conditions, that would be free from enemy
interference, and that would enable positions to be fixed instantaneously.
Amongst the many suggestions put forward were fire-raising with pyrotechnics,
the use of large numbers of reconnaissance flares, of marker bombs, of
parachuted homing beacons, of homing aircraft, and of A.S.V. to identify a
built-up area.. With the exception of A.S.V., the suggested means were
subject to one common limitation ; it was essential that one or more aircraft
should first locate the target accurately. A means of effectively locating and
recognising a target was an urgent requirement and the possibility of using
a form of A.S.V. could not be overlooked.

The acceleration of production of fighter aircraft during the Battle of Britain
had delayed production of the four-engined heavy bomber aircraft on which
reliance was placed for an effective bombing offensive. The smaller aircraft

used by Bomber Command were already loaded up to capacity and every
pound-weight of radar equipment installed meant a pound less of high explosive
with which to hit a target. However, on 28 October 1941 the Prime Minister
minuted the Chief of the Air Staff ‘. . . We are making great efforts to increase
the production of bombers, using a high proportion of our resources to do so.
It is therefore vital that we should press on with all measures to increase the
numbers of them that bomb their targets
Minister's intervention and the investigations many of the earlier projects of
using radar in bomber aircraft were resurrected, but meanwhile important
developments of radar technique had taken place at the T.R.E,, and were
eventually to be applied to the solution of Bomber Command’s problem.

’ 2 As a result of the Prime

1 A.M. File CS, 11402. R.A.A.N.C. Paper No. 3, > A.H.B./ID3/I791.
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Experiments with Centimetric‘Wavelength Radar

The H-metre wavelength technique which had been employed in A.I. Marks
I to VI imposed a common disadvantage on them ; it was impossible to prevent
the pulses reflected from the ground obliterating all other indications on the
cathode ray tube at ranges greater than the distance between the aircraft and
the surface of the earth.^ Attempts were therefore made in 1940 to develop an
installation which could be operated effectively at low altitudes. One way of
preventing the pulses from reaching the ground was to focus all the radiation
sharply into a narrow beam in front of the aircraft, but the size of an aerial

array capable of producing a narrow beam on a wavelength of 1J metres was
far too large for an aircraft installation. Consequently a method of producing
radiation of sufficient power was sought among the shorter wavelengths for
which correspondingly smaller aerials could be used. Whilst experiments were
being conducted on different wavelengths, the development of the Randail-Boot
cavity magnetron valve, improved and produced by the General Electric
Company, firmly stabilised the airborne radar experiments on a wavelength of
9'1 centimetres, and work on what became known as lO-centimetre,  or centi

metric. radar was begun.® The basic phase was completed when, at the T.R.E.
Worth Matravers, Dorset, on 13 August 1940, echoes were, obtained from a
Battle aircraft up to a range of 6 miles when centimetric equipment was used
on the ground. In March 1941 the first experimental centimetric A.I, install
ations underwent flight tests in a Blenheim aircraft.®

Throughout 1941 trailers containing 10-centiraetre equipment were sited for
experiments in a field adjoining the stables of Leeson House in which the T.R.E.
was accommodated, which were used as a laboratory. The site was an ideal one
since it overlooked, from a height of 250 feet, the town of Swanage two or three
miles distant, and a 20-mile stretch of sea, frequently used by shipping, to the
Isle of Wight. The scientists working on the experiments became quite
accustomed to observing returned signab received from the various groups of
buildings in Swanage, but the main purpose of the experiments was the develop
ment of A.I.* The application of the phenomenon to assisting a bombing
offensive was therefore not seriously considered, although the possibilities of air
navigation by means of centimetric radar technique were sometimes discussed.
The experimenters were generally misled by optimistic press releases of effective
bombing raids on which the targets were nearly always successfully found, and
the comparative lack of success which had attended the early experiments with
metric wave airborne radar discouraged immediate action. However, when, in
October 1941, the urgent operational requirement for aircraft of Bomber
Command was made known to T.R.E. scientists, the employment of centimetric
radar was at once suggested. There followed quickly a series of discussions.
Professor H. W- B. Skinner and Mr. J. R. Atkinson, as a result of the trailer

experiments, were certain that buildings could be identified against general
ground returns. The immediate problem to be solved was whether centimetric
radar would enable adequate discrimination to be made between responses from

> See also Royal Air Force Signals History, Volume V : ' Fighter Control and
Interception'.

* See Royal Air Force Signals History, Volume iV  : ‘ Radar in Raid Reporting
Appendix No. 8 for further details of the development of the magnetron valve,
s See Royal Air Force Signals History, Volume V ;  ' Fighter Control and Interception ’.
‘ A.H.B./IIE/187. A.G. Touch Papers on Airborne Radar.
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Randall-Root Cavity Magnetron-April 1940 

Cavity Magnetron as developed by the G.E.C.-June 1940 

Cavil\· MagnP.tron as clcvC'lopC'd bv th<' G.E.C.-July 1940 



opeji country built-up areas, as tlie angle of viewing from the air would be
more nearly vertical as compared with the practically horizontal viewing from
the ground. Methods of scanning with beams narrow both in azimuth and
elevation were suggested, and eventually it was decided to use a wide beam in
elevation and to scan in one dimension only, using plan position indicator
presentation as had been proposed for A.S.V. Portunately the Blenheim
aircraft which had been equipped with an experimental centimetric A.I.
equipment and a helical scanning system was available at Christchurch because
for A.L helical scanning had been replaced by the spiral scanner or radial
time-base.^

Early Development of H2S

The proposed technique was given the name BN, for blind navigation, by
the T.R.E. and arrangements were made for experiments to be conducted under
the auspices of Professor D. I. Dee and Dr. A. C. B. Lovell. The Blenheim
installation was suitably converted and on 1 November 1941 the first flight
was made with the radiation beam rotating at 300 revolutions per minute and
tilted towards the ground instead of towards the front of the aircraft. Isolated
responses were quickly observed, and as the aircraft approached Southampton
an echo which almost certainly represented the town appeared on the screen.
Further flight trials were made during which the equipment was used to home
to various towns and to identify military camps and other built-up areas on
Salisbury Plain. Some of the isolated responses observed were identified as
large tovms, and at an altitude of 8,000 feet the maximum range at which the
responses were obtained was about 35 miles. A notable feature of the presenta
tion was, as had been the case -with metric wavelength equipment, the
discrimination between land and water, coastline being clearly displayed. A
factor which raised doubts, however, was that the responses observed were
comparatively numerous, and it was evident that many objects other than
towns were producing echoes. The experiments were of the utmost importance
in that they demonstrated that centimetric airborne radar could obtain
individually distinct returns separately from general ground returns and thus
overcome the failing of previous installations.

The attention of the Controller of Telecommunications and Equipment was
drawn to the possibilities evinced by the flights, and he thought them sufficiently
promising to be brought to the notice of the Secretary of State for Air and the
Chief of the Air Staff. On 20 November 1941 the latter informed the Prime

Minister of the results of the experiments but pointed out that a decision to
install centimetric radar in operational bomber aircraft could only be made
after most careful consideration of the effects of losing the equipment to the
enemy. If the Germans were able to obtain possession of an installation and
later use the technique against us we might lose more than we had gained in the
interval by more accurate bombing.® He referred at the same time to unfavour
able reports received on the application of metric A,S.V. to the identification of
built-up areas, trials of which had been conducted after the instruction issued
by him in September 1941. It appeared that no useful purpose would be served
by further investigation of the possible uses of metric A.S.V. in Bomber
Command. The Prime Minister at once showed a keen and lively interest in

* See Royal Air Force Signals History, Volume V ;
’A.H.B./ID3/1791.

Fighter Control and Interception ’.

29

{CS0782)



the new expenments, an interest which was to characiense the subsequent
development and production of H2S.* The first name, BN, indicated that
T.R.E. scientists thought of the installation as being primarily a navigation
system and, in fact, throughout the development of H2S, they felt that much of
its potential value would be lost if its possibilities for navigation were ignored.

On 23 December 1941 the Secretary of State for Air convened a meeting to
discuss the possibilities of H2S, at which Lord Cherwell raised some important
points,® Having first stated that H2S was '. . . intended for use next autumn

and , , , likely to be very successful . . , ’ he said that it was necessary to
consider which of the two centimetric wavelength transmitting valves, the
magnetron or the klystron, was to be used, and to decide whether it might not
be desirable to use a simplified form of H2S as a device solely to ensure the
identification of a built-up area as the required target rather than as a general
navigation system. At the T.R.E., replacement of the range/azimuth presen
tation by a plan position indicator, to give a map display of the ground over
which an aircraft flew, was being considered. Lord Cherwell was inclined to the
view that the requisite scanning system was too complicated and would take

too long to perfect, and suggested that a simpler installation, a split aerial
system with left/right display for homing to a target echo, would be adequate
and could be developed more quickly. Aircraft could be navigated to the
target area by astro-navigation and dead-reckoning to within 10 or 15 miles of
the target and H2S would then be used primarily as a blind bombing device.
Since the existing equipment and scanner system were equally suitable for
both roles, navigation and blind bombing, the argument would have been
unrealistic but for the fact that it was linked with the use of the magnetron
valve over enemy-held territory. The magnetron was the main basis of

centimetric airborne radar technique, and its employment was essential, because
of its high power pulse output, in A.I. Marks VII and VIII and in A.S.V. Mark
III which were then being developed. The secrets of the cavity magnetron
were known only to the Allies, and because it was practically indestructible

its use over enemy territory was forbidden, although it could be used over sea
areas since in such circumstances the possibility of its being captured by the
enemy was remote.® The klystron had already been fully described in the
scientific press of the world. For the proposed P.P.I. version of H2S the
magnetron was almost essential but it was probable that the simpler left/right
display could be achieved with the well known, less efficient, and more easily
destructible klystron. However, the klystron had been developed only as a
local oscillator, and existing models could only produce a small amount of power.
Urgent measures to develop a suitable klystron had been undertaken, but the
valves were not available in quantity and although the Ministry of Aircraft
Production undertook to investigate the possibility of beginning their production,
the Secretary of State for Air ruled that any klystron production should be
treated as an additional project. Nothing was to be flowed to retard the
production of magnetrons or the development of equipment along lines which

' For security reasons a name that meant nothing at all was required. ' Stinke’’' was
suggested, and its obvious derivative, H2S, was adopted.

* A.H.B./I1E/6/60- H2S, Minutes of Meetings.
• Details of the magnetron were disclosed to the U.S.A. government by the Tizard

Commission which went to the U.S.A. in August 1940, See also Royal Air Force Signal-s
Histories, Volume V ; ' Fighter Control and Interception', and Volume VI i ' Radio
in Maritime Warfare ’.
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involved their use. Since doubts existed whether H2S responses could
unambiguously be related to specific targets, further experimental flights were
to be made immediately ‘ to determine whether the signals obtained could
be definitely associated with specific ground objects .  . .'

More detailed operational requirements for H2S were formulated by the Air
Staff, and on 6 January 1942 the T.R.E, was informed that a maximum range
of 15 miles against towns would be acceptable. The Assistant Chief of the Air
Staff gave instructions that, in order to avoid delay, an order for the manufacture
of at least 1,000 equipments was to be placed at once, and arrangements were to
be made for H2S to be taken into operational use when delivery from production
reached 100 per month.* The installation was not required as a navigation
system, but was to be used solely as a means of identifying and homing to
built-up areas within a range of 15 miles. The klystron was to be regarded as
an integral part of the system. The possibility of using H2S in conjunction
with suitable ground beacons for the purpose of homing bomber aircraft to
their bases was also discussed in January 1942. As a result the Air Staff
considered that if it was possible to include the facility in a simplified H2S
installation it was desirable to do so, but if its provision was likely to cause
delay in development and production, it was to be left until more comprehensive
equipment was later evolved;

On 21 January 1942 the Chief of the Air Staff informed the Prime Minister
that ‘. . . Progress has been so satisfactory that it is now possible to lay
down the lines on which development should proceed. At first a simpler form
of the equipment is to be developed as quickly as po.ssible and will be accepted
as soon as a maximum range of 15 miles can be achieved from an aircraft
fi]ring at 15,000 feet. Simple facilities for homing on to beacons at aerodromes
will be included if their inclusion does not delay production, A contract for
the equipment has already been placed in order to prevent any delay between
the completion of development and the beginning of production. The
Ministry of Aircraft Production has been asked to draw up a programme, with
dates, for providing 1,500 sets and introducing the equipment into Service

soon as possible. Later on a more elaborate form of apparatus, with
greater r^ge and with navigation and homing facilities, is to be developed.
The Halifax will be the first aircraft to have the new equipment, and an
experienced captain and navigator from Bomber Command will be at the
disposal of T.R.E. ..."

use as

' 2

By the end of January 1942 it was becoming increasingly important that
a decision be made as soon as possible regarding the type of transmitter valve
to be used in H2S ; the planned production of magnetrons had not taken into
account any possible demands for H2S as distinct from A.S.V.^ If klystrons
were definitely to be used it was important that one standard type should be
developed. At a meeting held on 26 January 1942 the T.R.E. was requested
to conduct experiments, which were likely to take two or three weeks, to obtain
‘ A.M. File C.30305/46.

,  Captain W. E. Theak, Wing Commander G. P. L. Save andFlight Lieutenant E. J. Dickie acted as liaison officers with T.R.E. and T.F U durina the
development of H2S. °

’ T.R.E. Fite D.1738. The fir^of B.T.H. and M.O.V, had each been requested to plan
begin^roductio^n in
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horizontal. The coverage in azimuth was limited to plus or minus 60 degrees
by the nose structure. Range/azimuth presentation was used during the
trials, and returned signals appeared as bright spots on the screen of the cathode

ray tube. The installation had, however, been especially designed to fulfil
en A.I. role and was not very suitable for the H2S function. It became

increasingly evident that a scanning system providing all-round looking, and
a plan position indicator display, were very desirable.

The first flights were made to determine what objects on the ground would
produce recognisable signals. Large towns, such as Southampton, Bourne
mouth and Wolverhampton, were easily detected at distances up to 35 miles
from a height of 8,000 feet, and the results were approximately the same from

all angles of approach. Airfields with hangars produced responses as big as
those from large towns, typical examples being Boscombe Down and Yelverton.
Flights at heights of 3,000, 5,000 and 10,000 feet towards the Black Mountains
in South Wales and towards the Malvern Hills produced no identified responses,
but mining towns, such as Pontj^ool, situated on lullsides, gave good signals.
Numerous homing runs to a selected target were successfully made. On one,
Yelverton airfield was identified at a range of 30 miles and the pilot was directed
towards it. Although poor visibility made it impossible to see the airfield until
it was less than two miles distant, the headings given to the pilot enabled him
to fly directly over the hangars. Flight trials were also made to determine

the useful range of the installation with the overall sensitivity reduced to
correspond with that which would be obtainable if  a klystron were used instead
of a magnetron. The results indicated that the consequent reduction in range
was not sufficient to impair the effectiveness of H2S.

About 20 flights were made with the split aerial system, using A.I. Mark VII
equipment with the addition of a linear time-base and a switch for presenting
signals alternately to the left and to the right of the time-base. An
experimental P.P.I. presentation was also used on some of the flights. Results
indicated that a simple split aerial system could be designed to enable towns
of medium size to be detected at ranges up to 12 miles when used with a

magnetron transmitter. At that range P.P.I. presentation could be used to
obtain a bearing on a target. The system would be of only slight assistance
to navigation, and it was not possible to identify an objective unless the
aircraft were navigated by other means to within three miles ; if the navigation
was inau:curate neighbouring towns could easily be mistaken for the one selected
as a target. The electronic equipment required was substantially the same as
that used with the scanning system, but if it was essential to use a klystron
the efficiency of the split aerial system would be seriously impaired as the
ranges obtained with a magnetron were near the operational minimum.*

In April 1942 the Air Staff evaluated the two techniques. With the split
aerial system the possibility of successful selective bombing within a target
area was slight although its use would certainly reduce considerably the bombing
of open country. The scanning system offered the likelihood of successful

target selection and accurate location with some possibility of selective bombing
within an area. Employment of the split aerial system would not obviate the

risk of bombing decoy targets, but such a risk was negligible with the scanning
system because it enabled the terrain surrounding the selected target to be

• T.K.E. Report No. 12/106, dated 23 April 1942.
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the firm of was given a contract to design and develop the combination
known as H2S/A.S.V., and E.M.I. undertook the engineering of 15 pre-
production models based on A.T. Mark VIII components^ In March 1942 the
original prodnction contract for 1,500 H2S was changed to one for 1.500
H2S/A.S.V, equipments.*

During January 1942 the A.S.V,S. prototype Wellington was used for H2S
e.\perime.nts before it reverted to the group of scientists working on .A.S.V.®
The installation incorporated P.P.I. presentation, and although the experiments
did not meet with any great success, experience gained with the Blenheim
durir^ the early trial flights indicated that P.P.I. presentation was desirable,
and it was therefore incorporated in the Blenheim installation. At the end
of April 1942 Flight Lieutenant E. J. Dickie, one of the Bomber Command
liaison officers with T.R.E., made two flights in the Blenheim. He reported
that the rotating scan line was apt to be disconcerting and there appeared to
be insufficient afterglow on the cathode ray tube.* Signals faded between
each revolution of the scanner so that at no time was the whole picture visible.
Even though it was not difficult with a little practice to identify objects on the
screen and to home to them by keeping the signals dead ahead, the picture
was considered to be insufficiently clear for general Service use. The vertical
datum line, through the centre of the cathode ray tube screen, was taken as
the fore and aft axis of the aircraft, and responses from targets ahead of the
aircraft appeared as blips vertically above the centre of the screen. The
arrangement was considered to be fundamentally unsoxmd because navigators
of Bomber Command were not so much interested in the position of the source
of an echo in relation to the line of flight of an aircraft, but in the relative
positions of both the source and the aircraft on  a plotting chart. Dickie
suggested that true north and south should be represented by the vertical
datum line, and the centre of the P.P.I. display should represent the position
of the aircraft. Then the picture or maps of echoes would be observed drifting
across the screen and little imagination would be needed to consider the picture
as the stationary terrain over which a flight was being made, and the centre
of the screen as the aircraft flying across it. The aircraft track could be
at a glance and could be measured directly from a fixed aaimuth scale.

seen

The T.R.E., Headquarters Bomber Command and E.M.I. generally agreed
that the principle was sound. It vvas decided that the motive power for
orientating tlie display could be obtained from the rep>eater of the master unit
of the distant reading compass by causing one of the stator coils to move so
that it always pointed north. The D.R. compass was gyroscopically operated
and was usually situated at some point in the tail of the aircraft well away
from masses of metal, such as engines, which would be likely to affect *
the magnetic bearing. The position of the compass bearing relative to the
heading of the aircraft could be displayed on dials in other parts of the aircraft.
Electrical currents were used to operate the distant reading dials. One coil
or magslip was fixed to the top of the rotating
mitter sent out a pulse a voltage was induced in one or both of the two stator
coils connected to the plates of the cathode ray screen, which, when charged,

scanner. Each time the trans-

' A.H.B./1D3/1791. j a.M, File C.3030S/46.
» Se» Royal Air Force Signals History, Volume VI  :' Radio in liferitimo Warfare '
«T.R.E. File 0,1738.
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which were disappointing after the success which had attended the Blenheim
experiments, even although a magnetron was used. This was mainly because
the tests were made at higher altitudes, and it became apparent that the scanning
system required to be redesigned and repositioned. The problems of the
scientists were growing larger because as more and more heavy bombers were
becoming available for Bomber Command and the prospects of a real bombing
offensive during the coming winter became, brighter, more and more was expected
from H2S, and they found it difficult to settle down to a logical sequence of
experiments. Entangled with the problem of development was that of
production. The intention was that E.M.i. should manufacture 200 equipments
entirely by hand, using every advantage that the granting of highest priority
conferred. This went beyond the stage of ordering off the drawing board since,
when the decision was made, H2S was barely on the drawing board. The

Gramophone Company did not believe that the sets could be made in the allotted
time and thought that only 15 at the most could be completed by Christmas
1942. In their opinion it wovdd not be possible to begin quantity production
before June 1943.^ According to the programme drawn up by the Ministry of
Aircraft Production the first three prototjqie H2S equipments manufactured by
E.M.I. were to be delivered in August 1942, and 200 hand made pre-production
equipments by the autumn. It had been expected that if no major setbacks
were encountered quantity production was likely to begin early in 1943. How
ever, no date for the commencement of the main production programme could
be given until the final design of H2S was accomplished. Many Influential
people doubted whether H2S would ever provide the satisfactory solution,
which was so urgently required, to the problem of Bomber Command. The
doubts were encouraged by reports that experiments in * town detection ’ being
conducted in the U.S.A. were also meeting with but little success. This was

mainly because nearly all evidence in the UB.A. was obtained from flights made
at low altitudes with aircraft equipped with A.S.V. The operational requirement
in the U.S.A. was for a very accurate bombsight, and not so much for
discrimination between built-up areas and open country as for the identification
of particular targets within a built-up area.

The sceptical attitude led to a review of the situation at a meeting convened
by the Assistant Chief of the Air Staff (Operations) on 19 May 1942.* As a
result the Air Staff re-aflarmed its faith in the possibilities of H2S in the role

for which it was initially developed, that of the blind detection of built-up areas.
The operational requirement was again defined. The system was to be accurate
enough to ensure that bombs would fall within an industrial or other area

selected as a target. The Air Staff would be satisfied in the first instance if the
range of H2S enabled aircraft to home to a built-up area from 15 miles at 15.000
feet. Subject to there being no delay or interference with development of the
installation and its introduction into the Service in a form which fulfilled those

requirements, it was agreed that details in design to enable H2S to be used as a
navigation system could be incorporated during the later stages of development
and operational trials. In order to ensure that there should be no alteration of
the primary purpose of H2S, and no delay ‘m achieving its final design, the Air
Staff ruled that it was essential for the T.R.E. to be kept in close and continuous
touch with its development and trials and that all suggestions for modification

»A.H.B./1D3/1791.» A.M. FUe CS.1S536.
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Perhaps the greatest difficulty encountered was that of reducing the gaps in
the field of radiation of the H2S aerial system. The magnetron pulse transmitter
energised a horizontal dipole aerial which was placed in the focal plane of the
{jaraboloid mirror or reflector. The properties of the dipole and mirror assembly
resulted in the production of a wedge-shaped beam of radiation. The mirror
and aerial were rotated so that the beam swept over the region under the aircraft
approximately once every second. Because buflt-up areas reflected more energy
than areas of open country, and open country more than stretches of water,

energy was reflected back to the aircraft, the actual amount depending
whether the aircraft was over a town, open country or water. The dipole and
mirror assembly was used for reception as well as transmission, and some of the
reflected energy was collected by the mirror, and, after passing through an
amplifier, was displayed on the cathode ray tube screen as an echo or blip.
Because of faults in the dipwle and mirror sj^stem, gaps occurred in the radiation
beam in such a way that no signals were received from built-up areas at certain
ranges. By September 1942, although various modifications had been made
to the Halifax aerial system, no complete solution to the problem had been
found by the T.R.E. Only a compromise had been effected as a result of which
the gaps occurred at a minimum range of 4 to 5 miles, or could be moved out
to a maximum of 10 or 12 miles at 10,000 feet.^ No flight trials had been made
at 15,000 feet but it seemed highly probable that in the maximum position
the gaps would occur at slightly more than 15 miles. Although this held
Obviously serious implications the Sup^intendent. T.R.E., considered that
H2S would still most likely meet the operational requirement of the Air Staff
and Headquarters Bomber Command ‘. . .to enable an aircraft to home to a
buflt-up area from 15 miles at 15.000 feet ... ’ Efforts to eradicate gaps
were continued energetically, but no date or guarantee of early success could
be given, and the possibility that early production equipments would stiU
contain flaws had to be accepted.

some
on

Substitution of Magnetron for Klystron
By June 1942 it had become evident that insistence on the employment of

klystrons for H2S would make impossible the attainment of even the minimum
operational requirement in spite of the intensive efforts that had been made to
produce a suitable type of klystron. On 10 June Professor D, I. Dee formally
recorded his doubt whether the klystron modulator would give sufficient power
for H2S, and on 23 June 1942 the Controller of Communications and Equipment
asked for reports to be made on comparative trials of the klystron and magnetron.®
Professor D, I, Dee stated that with the klystron the maximum range had been
only 10 miles even when the installation had been operated by experts, whilst ,
the Blenheim magnetron installation had produced ranges of 35 miles against
big towns. However, plans had been made for a large output of klystrons for

H2S, and although no difficulty was expected in supplying magnetrons
for the first 1,500 H2S/A.S.V. equipments from the production ordered for
A.S.V.. the extra output that would be required afterwards entailed a probable
delay of about one year. Tire original estimate of the number of magnetrons
required had been 20,000, and this had later been increased to 50,000 to allow
for contingencies. Complete substitution of magnetrons for klystrons meant

use m

> A.M. file CS, 13548. *T.R.E, FileD.1740.
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an increase to 100,000.^ The klystron was generally considered to be teclimcally
unsuitable, and it was thought to be certain that the substitution of magnetrons
would enable H2S to be introduced into the Service at a much earlier date than

would otherwise be possible. It was a reasonable possibility that sufficient

magnetrons could quickly be made available to enable the Prime Minister’s
directive that two squadrons were to be equipped by October 1942 to be

complied with, but the chances of producing suitable klystrons in time were
remote. However, before a decision could be made other considerations had
to be studied. One was the effect of the substitution on the A.S.V.S. production
programme, and another was the important question of security. Eventually,
on 15 July 1942, it was agreed that major development and production plans
for the klystron should be cancelled; a final decision whether or not magnetron
H2S should be employed on operations during the coming winter was to be

made later.® In the meantime every precaution was taken to ensixre that

aircraft equipped with Jtnagnetron H2S were not flown in any areas where there
was the slightest possibility that the installation might be captured by the
enemy.

The decision to use the magnetron for H2S meant that the problem set by
its indestructibility had, if possible, to be solved. The problem was
considerable and the difficulties encountered during the many un.successful
attempts that were made to develop a satisfactory destructive system
encouraged a belief that the klystron would eventually prove to be more
suitable for the H2S role. Experiments conducted at the Royal Aircraft
Establishment revealed that the minimum amount of high explosive required
to destroy a magnetron was two ounces, and as such a charge would cause
great damage to an aircraft, it was necessary to contain the explosive in a box.^
Several types of boxes were tried but no effective solution was found. Triak
made with thermite were disappointing in that the quantity required weighed
five times as much as the apparatus itself, and the degree of destruction which
even this amount effected was much less than that which resulted from the

use of high explosive. In addition to the difficulties created by the weight of
destructive devices and their danger to aircraft and crews, there was always a
probability that the magnetron could fairly easily be reconstructed from its
fragments. Methods of ejecting them from the aircraft simultaneously with
destruction were tried, but they involved a large recoil which could easily
endanger aircraft. The use of powerful acids was also considered and
experiments in burning out the valve by means of an electrical charge were
made. In September 1942 efforts to adiieve complete destruction were
abandoned, and it was agreed that the best, although incomplete, solution, was
the provision of two small detonators which rendered the magnetron unusable.'*

Permission to use the magnetron for H2S very considerably eased develop
ment and production difficulties. A crash programme was initiated; E.M.I.

1 Within one year the large number o( difiering types of magnetron which were required
for centimotric radar equipment led to a serious decrease in total production because of the
special tools and test equipment involved. See also Royal Air Force Signals History,
Volume VI; ' Radio in Maritime Warfare

» A.H.B,/1IE/6/60. See also Royal Air Force Signals History, Volume VI: ' Radio in
Maritime Warfare ’.

• The result of one of the most successful experiments was that a lO-foot hole was blown
in the side of a Junkers SS aircraft, and even then an expert was able to gauge tlie dimensions
of ̂ e magnetron from its fragments. (A.M. File CS.1S549.)
‘ T.R.E File D. 1738.
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undertook to manufacture 50 hand-made equipments by Christmas 1942, and
the Research Protot3rpe Unit was brought into the production plan. It was
to manufacture the remainder of the required 200 equipments by the same
date, using as a basis the E.M.I. developanent models rather than the experi
mental T.R.E. design as the former were well engineered and some 60 per cent
of the essential drawings had been completed. This decision involved limiting
the activities of the R.P.U. to H2S work only; additional personnel were
recruited and plans for the extension of existing premises were made.’ At
the instigation of the Prime Minister all production arrangements were made
the responsibility of Sir Robert Renwick and the Air Staff agreed to allow
work on other development projects to be stopped if necessary in order that
the commitment should be fulfilled.

First H2S Installation Prt^amme and Service Trials

It had now become possible to plan an installation programme. As far
back as February 1942 the Director of Bombing Operations had suggested that
trial installations of H2S should be cleared for all types of bomber aircraft
which were likely to be used for operations from September 1942 onwards.®
The Deputy Chief of the Air Staff supported the proposal but in the following
month the ruling was rescinded for all aircraft other than the Halifax until
such time as more knowledge of the nature of the modifications involved had
been gained. When, by the end of April 1942, installation in a Halifax of
pre-prototype equipment had been completed, the Director of Radar urged
that the layout for other types of bomber aircraft should be investigated.
This proposal was made impracticable by the difficulties encountered with the
scanner system, and all other trial installations were postponed until designs
for the scanner and cupola had been completed, the beginning of July 1942
being set as a target ^te. On 15 July 1942 it was decided that Halifax,
Stirling, Lancaster and Wellington aircraft should be equipped in that order
of priority.

Arrangements were made for 24 Halifax and 24 Stirling aircraft to be equipped
at Defford for two squadrons of Bomber Command by 31 December 1942.®
An installation plan was made on the assumption that scanners and radar
equipments would be made available from the manufacturers according to
their agreed production programmes. The output of magnetrons for all
purposes, including A.l. Mark VII1 and A.S.V. Mark III, was expected to be
30 in August and 60 in September; bulk production was scheduled to begin
in October at the rate of 200 per month. * The estimated output of fitted aircraft
from Defford was one per week in September, three per week in October, and
four per week in November and December 1942. On 15 August 1942 the
programme was amended to include 24 Lancaster aircraft which were to be

fitted when the Hahfaxes and Stirlings had been completed.

» A.M, File CS. 13548.

» A.M. File CS. 13548. The aircraft were also to be equipped with Gee.
^The centimetric A.S'.V. iostsQatioii was known as A.S.V.S. during its development

stages. When pre-production development had been completed, and quantity production
begun, the installation was to be given the nomenclature of A.S.V. Mark III.

“ A.M. File C.303O5/48.
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essential. Before' the end of September 1942 the installation programme,
then more than six weeks behind schedule, was revised to allow for the fitting
of 14 Haiifaxes and 24 Stirlings by the end of December 1942, and of a further
11 Haiifaxes and 4 Stirlings in January 1943.^ The H2S installation had to be
accepted with its existing faults and without Ivirther development.
Arrangements were made for Service trials to be started right away.

Originally it had been intended that the pre-protot3rpe Halifax installation
should be given Service trials at the Bomber Development Unit, but in view
of its unreliability, and because it became necessary to contemplate acceptance
of H2S as it was, without further development, it was decided to send instead
the first Halifax to be equipped at Defford. Installation of H2S in a Stirling
aircraft was proving to be more difficult than had been anticipated because
the equipment displaced the centre of gravity aft beyond the safety limit,
and consequently completion of a trial installation was delayed. The first
Halifax arrived at the Bomber Development Unit on 29 September 1942, and
shortly afterwards a Stirling was also made available for'Hffi trials for short

periods, by arrangement directly between the B.D.U. and the T.R.E. whereby
scientists continued their development work on the aircraft-* No one was

very satisfied with the equipment or confident that it would be satisfactory
in operational conditions, and the results of the trials were eagerly awaited.
Experience of the initial attempts of trained scientists to interpret the display
had shown that a considerable amount of operational training was required
before successful results could be obtained, and it was felt that early failure
would prejudice the chances of H2S being introduced into Service use.

The first report, made by the B.D.U. in November 1942 on the preliminary
trials, was reasonably reassuring.® Headquarters Bomber Command informed

the Air Ministry that H2S, when competently operated, would fulfil require
ments in so far as its use would ensure that bombs could be dropped within a
built-up area selected by the navigator, and that the range was sufficient to
enable aircraft to home to a built-up area from 15 miles at 15,000 feet.* A
fully trained H2S navigator could navigate throughout a flight in ’ blind *
conditions to a selected target, but it was found that if H2S was used only
after dead-reckoning navigation had been employed to take an aircraft to a

point estimated to be 15 miles from the target, there was considerable risk of
the wrong target being attacked. It was therefore recommended that H2S
should be used for navigation to the target area. However, the standard of

H2S serviceability was low, an average of about three hours flying per failure
having been attained. The failures were mainly caused by breakdowns of
transformers, both pulse and filament, and of condensers. Headquarters
Bomber Command considered that they were the inevitable teething troubles
and could'be overcome, but proposed that, if the faults could not be cleared,
the use of H2S would have to be limited to the target area only. The trials
had made obvious the fact that extensive training and constant practice were
necessary before a navigator tvould be able to use H2S effectively, and that
unless he had the requisite aptitude he might never become competent.
Permission was requested for the Pathfinder Force to operate with H2S as

’ A.M. file C.30305/46.»A.M. FUe CS.13548.

* A built-up area was defined as one not less than one mile in diameter.
> A.M. FileCS.13548.
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be for some 3.000 installations by the end of 1943. In view of the forecast
made by the T.R.E. it appeared reasonable to ensure that the current production
of H2S was continued until Au^st 1943, especially since it seemed likely that
H2S would, once certain modifications had been incorporated, prove to be
satisfacto^ in an A.S.V. role. That resolved the provisioning problem to one
of obtaining a further 1,000 equipments by the end of 1943. The Ferranti
contract for 200 sets of the equipment, which was to have been A.6.V. Mark III,
was cancelled and the firm was given instead a contract to produce the
additional 1,000 H2S/A.S.V. equipments. The policy of substituting an
increased H2S/A.S.V. production for A.S.V, Mark III production
approved by the Assistant Chief of the Air Staff (Operations) on 28 October
1942. and the production of a single design of radar and scanning units common
to both Bomber and Coastal Commands, first visualised in March 1942, was
begun.^

was

The question of the date on which H2S could be introduced into operational
use by Bomber Command had thus been complicated by the emphasis placed
on its value in the anti-U-boat operations of Coastal Command. On 4 September
1942 the Chief of the Air Staff had informed the Chief of the Naval Stall of
the progress made with the development of magnetron H2S and explained
that although experiments were being conducted with a view to incorporating
self-destruction devices, it was realised that the decision to use the magnetron
over enemy territory was a very important one which would affect all three
Services.® In fact, it had recently been ruled that before radar equipment
working on a wavelength of 10 centimetres or below was used in areas where
it might possibly fall into enemy hands, the matter was to be referred to the
Ra^o PoHcy Sub-Committee who would, if nece^ary, obtain a ruling from the
Chiefs of Staff Committee.® A ban on the use of centimetric radar over enemy
territory was agreed to by the governments of the United Kingdom and the
United States of America. On 8 October 1942, whai the allocation of H2S
to Coastal Command was being planned, the Chief of the Naval Staff requested
reassurance that the policy still held good in view of the fact that the success
of centimetric A.S.V. depended to a large extent on its ability to defeat German
search receivers, and surprise was, in consequence, an important factor.* The
position was further complicated when on 28 October 1942 the United States
Army Air Force announced its firm intention of bringing centimetric airborne
radar into immediate use in the Alaskan area. Until then it had appeared
that the Combined Communications Board intended to reserve to the Combined
Chiefs of Staff Committee the responsibility for making a decision regarding
the date on which centimetric equipment might be used in circumstances
involving risk of capture. However, on 28 October 1942 the Board
recommended to the Committee that (a) Until centimetric equipment
is available in quantities permitting large-scale tactical employment its

* A-M. File CS.17067. See also Ro3rat Air Force Signals History, Vdumo VI :
Maritime Warfare

• Although emphasis was placed on the need to destroy the magnetron, the scanning
system used in H2S/A.S.V. indicated that a centimetric wavelength was being used.
Salvage operations in June 1942 on the wreckage of HaUfax V.9977. which had burnt and
disintegrated, showed that the scanner system remained sufficiently recognisable to permit
the wavelength to be deduced s^proximately, (T.R.E. File D. 1738.)
• A,H.B./ID/12/19S.
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» A.M. File C.30305/46.
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knowledge of the equipment, capture of the navigators endangered the
security of H2S, It was agreed that it was possible to visualise operations
beginning in January 1943, and that authority to make 1 January 1943 the
starting date should be sought from the Radio Boards

The Radio Board accepted the possibilities that the enemy might already be
developing centimetric radar themselves, and that they might already be aware
of the employment by the Allies of centimetric technique for ground radar.
It considered that the use of H2S by two pathfinder squadrons during January
and February 1943 would undoubtedly be of great value to Bomber Command,
and that the capture of H2S a month or two earlier than might otherwise be
possible would not be of great help to the enemy. The Admiralty, however,
felt that the two months were very important in relation to the anti-U-boat
campaign, and considered that the use of H2S should be deferred until after

1 March 1943. Reference to the Chiefs of Staff was postponed until some
agreement could be reached. The Admiralty viewpoint was that, whilst it
might take the Germans some time to develop and produce measures to make
H2S less effective as a bombing system, the production and installation in
U-boats of a suitable search receiver was a comparatively simple matter.
The Radio Board was asked to re-examine the technical aspects of the situation
as a matter of great urgency and to determine the probable effect on the war
at sea if an H2S installation was lost to the enemy in the first week of January
instead of in the first week of March 1943. The members of the board, directed
by Sir Stafford Cripps, studied a detailed appreciation made by Sir Robert
Watson Watt, and decided that the loss of an H2S installation in enemy
territory would to some extent accelerate the use. of coimtermeasures and would
shorten the period of maximum effectiveness of centimetric A,S.V. by some two
months.® On 22 December 1942 the Prime Minister presided over a meeting of
the Chiefs of Staff Committee at which the findings of the Radio Board were
discussed.® The Chief of the Air Staff outlined the advantages to be gained by
the use of H2S in the Pathfinder Force during January and February 1943,
and the Chief of the Naval Staff gave reasons forthe anxiety felt by the Admiralty,
who considered that U-boat warfare was fast approaching a crisis and wished
to avoid compromise of the equipment until the last possible moment. After
the various implications had been discussed in detail, the Prime Minister summed
up. He considered that assessment on a quantitative basis of the results of the
earber release of H2S was not possible, but were the scales in balance he would
have tipped them in favour of the war at sea. It seemed to him, however, that
the advantage to be gained by Bomber Command if H2S were used as soon as
possible would be of greater benefit to the general war effort than would be the
probable advantage to be gained by Coastal Conuuand if the operational
employment of HlKs were deferred. The majority of the committee were in
agreement with him, and their conclusions were submitted to the Combined

Chiefs of Staff Committee in the United States of America, who, on 8 January
1943, sanctioned the immediate employment of H2S over enemy and enemy-
occupied territory,®

‘ A.M. File C.30305/46.
• St» Royal Air Force Signals History. Volume Vi  : ’ Radio in Maritime Warfare', for

further details.

* A,H.B,/ID3/932A. H2S and A.S.V. Fitting Programmes.
* A.H.B./1D3/932. A.S.V. and H2S.
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and at Defford did all they could to organise the supply of spares and to provide
training for mechanics. The shortage of equipment made the task of training
very difficult; at one stage 47 men were being instructed at one bench set.
Teams were also attached to Nos. 7 and 35 Squadrons, and very hard work was
necessary in view of the arrival of aircraft equipped with H2S at R.A.F. stations
where no repair workshops had existed before and where the entire organisation
for maintaining a complicated radar installation had to be worked out from the
very beginning. The inevitable teething troubles were experienced with the
few equipments which had been manufactured, and the persistent Jack of
reliability caused grave misgivings to be felt. At the most difficult period a
flying time of less than two hours for each failure was obtained, and it was feared
that successful use of H2S was going to be imperilled by the number ®f failures
which might be expected during an operation. Improved types of filament
and pulse transformers were incorporated, but a major cause of unserviceability
was the carbon pile in the voltage control panel, and modification recommended
to increase the number of flying hours per fault included the addition of a
stabilising device to the carbon pile, and the incorporation of improved
condensers and transformers. Because a satisfactory t5q)e of transformer was
not immediately available an alternative was adopted as a temporary measure,
but after an initial provision supplies unaccountably ceased.^ Until, the
technical defects of the equipment had been completely cleared the pathfinder
squadrons could not operate satisfactorily unless an adequate number of
spares was made available.

In January 1943 the Air Staff proposed that no more aircraft should be fitted
until the squadrons were provided with one spare equipment, and an adequate
range of the components which were causing failures, for each aircraft already
equipped, and that such provision should be made for each installation to be
completed. On 20 January 1943 the War Cabinet .A.nti-U-boat Warfare
Committee, who-were very perturbed about the failure to equip aircraft for
Coastal Command, had to decide whether fitting should be continued in accord
ance with the agreed programme and the need to provide spares ignored, or
whether a much smaller number of aircraft, each provided with a spare set,
would be acceptable. It was eventually agreed that the six Wellington
installations then in hand for Coastal Command should be completed, and
thereafter equipments were to be allocated alternately to Bomber and Coastal
Commands until such time as the number of aircraft delivered were accompanied
by half as many spare installations. It was. however, stipulated that the
decision did not in any way imply that the approved policy of 100 per cent
spares had been permanently amended.

As the spares position improved and many of the teething troubles were
overcome, the earlier despondency gave place to a feeling of confidence and
tow'ards the end of January 1943 Nos. 7 and 35 Squadrons were made ready to
include H2S in their pathfinding technique against targets in Germany. During
November and December 1942, as fitted aircraft were being delivered to the
squadrons, crews were given specialised training both in the air and on the
ground, whilst trials were being conducted at the B.D.U., and blind bombing
techniques for using H2S and Oboe operationally were devised. They were
developed from the ‘ Illumination ' method of attack in which pathfinders laid
sticks of flares over the target, thus allowing the main force to identify and
1A.M. File CS. 13548.
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bomb it visually, and were used according to the forecast weather conditions.
' Paramatta' was used when thick cloud was extensive enough to prevent the
main force from identifying the target visually but allowed crews to observe
ground marker bombs dropped on the aiming point with the help of H2S.
' Wanganui' was employed when the amount of cloud was such as to prevent
positive identification of ground detail, and the main force was guided to the
bomb release point by coloured sky-marker flares released on H2S plots. The
bombing aircraft had to approach the target on a given heading to release bombs
at the point marked.*
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H2S was first used by the Pathfinder Force for a bombing attack against a
target in Germany on the night of 30/31 January 1943. just one year after the
initial production contract had been placed for the original klystron installation
which at that time was in the research and experimental st^e. Hamburg was
selected as the target because of its importance as a U-boat base, its size, and
its proximity to the coastline. From an H2S operator's point of view Hamburg
was an idesJ choice as its features were more easily interpreted on the P.P.I
than would have been those of a target fmther inland, ̂ though in fact the
weather vras more suitable in other parts of Germany.* Six Halifaxes and
seven Stirlings were detailed as H2S target markers. Four of the Haiifaxes
returned to base before they had reached the target because of technical troubles

»-A.H.B./n/69/2l5A. H2S.

• Over Hamburg cloud varitxl from two-tcaths to ten-tenths and the wind at bombing
height, 18,000 feet, was 100 miles per hour.
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not connected with H2S. The installation functioned satisfactorily in the other
two Halifaxes and in four of the Stirlings. Three Stirlings experienced difficTilty
with their H2S equipments and returned to base early, one did not Work at aU,
one worked intermittently, and one failed to work on the outward journey,
but was satisfactory on the homeward flight. The first aircraft to mark the
target dropped ground marker bombs on an H2S plot; the crew reported that
they fell exactly at the aiming point, which was the southern end of the Binnen
Alster. A good concentration of bombs was built up around the markers.
The target then became obscured by cloud and other H2S aircraft changed
from ' Paramatta ’ to* Wanganui ’ and dropped their at the appropriate
release point. The pathfinders and the main force were able to change smoothly
from the one method to the other during the attack. The Officer Commanding,
Pathfinder Force reported that '. . , the operation was, in the light of the
prevailing weather conditions, a brilliant success .  . .

In this first operation the crews differed in the maimer in which they operated
the H2S equipment. Some kept the sets switched on continuously from the
time they crossed the enemy coast on the outward journey until they crossed it
^ain on the return journey, whilst others switched it on and off intermittently.
Lete trouble was experienced by those who kept the equipment working
continuously and orders were given that on subsequent operations all operators
were to follow that procedure. The responses obtained throughout the operation
contained a number of surprises. Wilhelmsburg, for instance, which
expected to give a clear response, did, in fact, give a particularly poor one,
whilst other towns and landmarks which were not expected to be outstanding
gave extremely good responses. Hamburg itself responded exactly as had been
anticipated, and the performance of the equipment at a height of 18,000 feet
was much better than had been thought possible.

•1

was

Change in Operational Requirements ’
By 9 February 1943 H2S had been used by the Pathfinder Force on a further

three raids, including one against Turin. Technical reliability had rapidly
unproved, and on the most recent operation all eight installations employed
were switched on for an average of seven hours without a failure. Operational
effectiveness was described as' . . , surpassing expectations ,  . and navigators
confirmed that they were able to identify towns at ranges of 20 miles,* Although
Headquarters Bomber Command reported that ‘. . . H2S in its present form
fully meets Air Staff requirements . , . ’ recent attacks had demonstrated the

advantage to be gained from operating at heights above 20,000 feet in certain
circumstances, particularly when a blind bombing technique was employed.
The Halifax had been made capable of flying, with bombload, at heights above
20,000 feet, and the Lancaster was able to reach even greater heights with a
fuU bombload. Consequently, on 2 February 1943, Headquarters Bomber
Command raised an operational requirement for H2S to be modified to enable
it to function efficiently at heights up to 22.000 feet and, if possible, to 25,000
feet. Arrangements were made for the B.D.U. to undertake experiments, with
the aid of the T.R.E., in an attempt to reduce the gaps obtained above 20,000
feet, more particularly with the .Halifax installation than witli the Stirling,
and the T.R.E. was requested to redesign the scanner system, H2S had been
designed on the assumption that-15,000 feet would be its operational ceiling, and
' A.H.B./ID/I2/19S. »A.M. File CS.15545.
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tlie faults in the display at that height were aggravated at 20,tX)0 feet. The
problem divided itself into two parts; that of removing gaps which occurred at
about 15 and 6 miles, and the clearance of gaps and heavy ground returns which
spread out to a range of about 4 miles. The T.R.E. had been seeking a solution
to the first problem for some time by modifying the dipole aerial feed, and the
results of tests were encouraging. The second problem was much harder to
solve in that it was fundamental in character, and it was e.\tremely unlikely
that any radical improvement could be effected without the introduction of a
new Mark of equipment and new scanner system, possibly working on a
wavelength^

By 21 February 1943, when the strength of Bomber Command aircraft
equipped with H2S was 12 Halifaxes in No. 35 Squadron, two Halifaxes in the
B.D.U., and 15 Stirlings in No. 7 Squadron, Headquarters Bomber Command
considered that sufficient operational experience w'ith H2S had been gained to
establish its value, not only as a blind bombing device, but also as an accurate
all-weather navigation system, and raised a requirement for its installation in
all heavy bombers not only to increase the destructive power of the command
but also to reduce the restrictions imposed on its operations by adverse weather.
It was appreciated that a well trained navigator was able, with the assistance
of H2S, to navigate across Europe without recourse to ground stations and
vrithout limitations of range. The navigation aspect had become very important
because of the lack of other aids on the Continent, in September 1941 there
had been indications of German broadcast stations being operated in synchronised
groups except when the enemy required to use them during operations, and
one year later the waveband of enemy-operated medium-frequency beacons was
narrowed to one not covered by the wireless receiver then in use in Bomber
Command.® However, the P.P.I, display was not easy to interpret, particularly
when over industrial areas, and only very few exceptionally capable navigators
were able to combine dead-reckoning navigation and H2S interpretation. A
new aircrew member, the bomb-aimer, usually a qualified navigator, had been
brought into the aircrew of heavy bomber aircraft to relieve the navigator of
the task of identifying the target visually, and he was made responsible for
operating the H2S installation. The navigator worked along normal lines and
notified the bomb-aimer when it became necessary to search for the next land
mark. The bomb-aimer watched the P.P.I. and endeavoured to identify
landmarks independently. If at any time a particularly definite landmark
was recognised, the navigator was informed and a fi x was taken.

new

Review of Installation Programme

Although Headquarters Bomber Command in February 1943 proposed that
H2S should be regarded as standard equipment in aU Halifaxes and in all
Lancasters except those fitted to carry S.OOO-pound bombs, by the end of the
month it became only too obvious that a considerable gap existed between the
predictable production and installation facilities and the existing fitting
programme.® It became necessary to examine closely the needs of Bomber
and Coastal Commands in relation to the installation facilities which could

probably be made available, and when the requirements could not be met, to
* » A.M. FUe CS. 15545.

» See Royal Air Force Signals History, Volume VII; ' Radio Counter-Measures *.
» A.H.B./ID/12/19S.
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modify them and evolve a definite order of priority. The Directorate of Bombing
Operations at the Air Ministry maintained that the priority of allocations to
Bomber Command should be increased at the expense of Coastal Command;
the great need of the bomber force of nearly 50 squadrons was concentration of
attack and H2S enabled the pathfinder squadrons to locate targets and
concentrate attack against them in an effective manner that had not before
been possible. To ensure effective marking in sustained operations a minimum
force of four squadrons equipped with H2S was required. Six squadrons were
considered desirable to extend the period of marking throughout the entire
attack and to ensure that there were enough markers at any time to reduce the
effect of individual aiming errors and thus to provide a pattern of markers the
centre of which would be on or near the aiming mark. For those reasons it
was contended that the provision of H2S on a scale sufficient to equip
immediately six pathfinder squadrons would be of  a value out of all proportion
to the number of equipments involved, whilst in Coastal Command, it was
argued, each equipment could have but a limited value. However, at a meeting
held on 12 March 1943 under the chairmanship of the Assistant Chief of the
Air Staff (Operations), at which the general policy of installing H2S/A.S.V. in
aircraft of both commands was discussed, it was finally agreed that they should
be equipped as follows r

Dots

By 31 March 1943
By 30 April 1943
By 31 May 1943
By 30 June 1943
By 31 July 1943
By 31 August 1943
By 30 September 1943

Coastal CommandBomber Command

2^ squadrons
3 squadrons
4| squadrons
51 squadrons
71 squadrons
10| squadrons
13 squadrons

3 squadrons
3^ squadrons
6 squadrons
6 squadrons -
7 squadrons + 2 overseas
9| squadrons -f 2 overseas
11 squadrons + 2 overseas

With this order of priority as a guide allocation of the weekly output of equip
ment was governed by a number of fluctuating factors, examined each week by
the Director of R.D.F. and Sir Robert Renwick, which included :—

1 overseas

(a) Casualties, losses, and technical breakdowns during the previous week.
{b) Output of aircraft available for fitting,
(c) Ratio of serviceable to unserviceable sets held by squadrons both in

aircraft and as spares.

{d) Progress already made with aircraft at the installation unit,

(e) Progress of training on unit.
(/) Availability of spare components.

The percentage of equipment required to be held as spares for fitted aircraft
had continued to be the subject of many discussions, and remained so until the
end of the war. At the end of February 1943 the Director of R.D.F. contended
that the holding by squadrons of a 100 per cent reserve of equipment was a
wise policy which had been amply proved by experience with new equipment
such as A.I. Marks IV and VII and A.S.V. Mark II, and he considered the
difficulties which constantly arose with the installation programme were mainly
due to the disregard for that need. In practice the percentage was rarely
achieved but aiming at its maintenance usually resulted in a reasonably adequate
number of spare sets being held. Relaxation of the rule inevitably resulted, in

‘ A.H.B,/II/6i)/2l5A.
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a limitation of training and operational emplojrment. At a meeting held on
4 March 1943 to discuss the scale of provision of spares the Chief of the Air
Staff suggested that the ideal arrangement was one in which, instead of an
arbitrary percentage being fixed, just sufficient serviceable sets were made at
any one time to enable aircraft to operate with no equipment left over; service
able sets kept on the ground were wasted sets.^ He wanted a reduction made
in the number of equipments and components held as spares in order that an
increase might be made in the number of aircraft equipped from the limited
production. The Comraanders-in-Chief of Bomber and Coastal Commands
agreed to study the problem and to estimate their essential requirements. As
a result of these investigations both stated that they would be able to operate
satisfactorily with less than a 100 per cent holding of reserve equipments.
Headquarters Coastal Command considered that 25 to 30 per cent would
probably be sufficient but lack of operational experience with A.S.V, Mark III
made accurate assessment impossible.® Bomber Command squadrons were
holding just over 50 per cent in reserve and were managing with great difficulty
to maintain a serviceability standard of about 75 per cent. Although it was
doubtfxd whether the standard could be raised to 100 per cent unless one
serviceable equipment was held in reserve for every one installed in an aircraft,
the command was willing to operate with between 50 and 60 per cent spares in
view of the difficult circumstances. The aircraft of Bomber Command were

more vulnerable to casualties and damage than those of Coastal Command,
and it was essential to get the maximum number in the air on every good
bombing night. It was therefore natural that a higher proportion of spares
should be required, and the Commander-in-Chief Coastal Command expressed
his willingness to transfer to Bomber Command any spare equipments he was
holding over the bare minimum required. Both commands had one great
difficulty in common. Technical failure of H2S/A.S.V. occurred most frequently
in certain components, and the faulty components could only be replaced
through the process of ' cannibalising ’ serviceable equipments, obviously a
wasteful procedure, or by applying to the T.R.E., who controlled such spare
components as existed and helped whenever they could. The state of the
production programme precluded extra components being readily available,
and it was not worth while merely to manufacture an increased number of the
components which were recurrently defective ; their design was fundamentally
faulty and complete redesigning was necessary. It was only where the equip
ment had been in Service use for some time and, with the incorporation of
modifications and refinements, had attained its approximate final form, that
independent production of specific components could be made a practicable
proposition.® Until then it was inevitable that spare components woidd
generally be held as complete spare sets. The Chief of the Air Staff agreed
that the holding of a large number of unserviceable equipments would have to
be accepted temporarily, but ruled that the ratio of serviceable spare equipments
to fitted aircraft was to be kept as low as pcssible in order that the number of
completed aircraft installations might be quickly increased. Before the end of
March 1943 the percentage of spare equipments held in Nos. 7 and 35 Squadrons
had been reduced to about 30 per cent but it was clear that the empiricism
would require very careful supervision.

A.H.B./ID3/932A. ~~~
> A.S.V. Mark III was the nomenclature given to the Coastal Command version of

H2S/A.S.V.
a A.H.B./ID3/932A.
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Installation Progranune for Lancaster Aircraft

The number and type of aircraft equipped with H2S Mark I held on the
strength of Bomber Command on 31 May 1943 were 26 Stillings in No. 7
Squadron, 26 Halifaxes in No. 35 Squadron, nine Halifaxes in No. 405 Squadron,
seven Lancasters in No. 156 Squadron and six Lancasters in No. 83 Squadron,
all part of the Pathfinder Force. In addition, there were four Halifaxes at the
B.D.U., and five Halifaxes and six Stirlings in the P.F.F. Training Flights.^
The T.R.E. had been notified in August 1942 that installation of H2S in
I.ancasters would be required, as the planned rapid expansion of Bomber
Command was to a great extent reliant on the large-scale production programme
of Lancasters, in which * shadow factories ’ were employed. The production of
Stirlings, Halifaxes and Lancasters had originally been plarm^ on similar
scales, but in 1942 it was decided to change over Stirling production to Lancaster.
However, the type of Lancaster to be used as a prototype could not then be

decided. Aircraft coming off the assembly lines were fitted with bomb-bay
doors which were flush with the fuselage, but they were being superseded by
blister bomb doors to allow for the carriage of 8,000-pound bombs. The
modification necessitated a fairing along the underside of the fuselage, extended
aft of the under-turret, which precluded the fitting of an H2S scanner cupola
in a position similar to that used for the Halifax and Stirling installations.®
The Halifax had been selected as the first aircraft in whicii to make a prototype

installation because the scanner system could, without major modification to
the aircraft, be accomodated in a cupola fitted in place of the under-turret
immediately aft of the bomb doors. This was a satisfactory arrangement for
aircraft engaged solely on target marking duties and not required to carry
large bombs.® In September 1942 the trial installation in a Lancaster was
postponed until towards the end of November, when more information of the
Halifax and Stirling prototypes would be available, especially regarding gaps
in the radiation beam,* At the same time Headquarters Bomber Command
stressed the urgency of the requirement for an improvement in performance and
reliability of tlie intercommunication and radio telephony systems in Lancasters.
Whilst the importance of H2S and Monica was dearly recognised, the highest
priority was to be given to the incorporation of  a low impedance inter
communication system, upon the efficiency of which depended to a large extent
the tactical effectiveness of aircraft radar installations, H2S was required
initially only in Lancasters intended for the Pathfinder Force, and the protot5q)e
installation was therefore to be made in an aircmft with the original type of
bomb doors although it was appreciated that the problems posed by the blister
bomb doors would eventually have to be tackled. A requirement was stated
for H2S to be installed in 48 Lancasters; 24 were to be completed by I January
1943 and four per month after that date to cover estimated wastage.® The
order of priority for radio modifications and installations in Lancasters was
stated to be :—

(a) Repositioning of blind approach units and vertical aerials.

(b) Low impedance inter-communication system, TR.9 and TR. 1196,

(c) Monica.

(d) H2S.

• A.H.B,/IIE/248/2/l. Fitting progress of H2S aircraft.
»A.M. File CS.1S550. *A.M. Ffle CS.13548.

a A.M, Fae CS.15551.

5 A.M. File CS,155Sl.
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(e) Direct inter-communication system with gliders when aircraft used as
towing tugs.

(/) Radio altimeter Type 5.

In October 1942 the Director of R.D.F. pointed out that the target date
of 1 January 1943 was impracticable in the light of the delay in the Halifax
and Stirling installation programmes and that if suitably modified Lancasters
were delivered to Defford from the aircraft contractors by that date they would
have to stand idle whilst awaiting fitting, especially since the rate of production
of Lancasters would be high.^ The fitting parties at Defiord would be unable
to accept Lancasters in any quantity until February 1943, and therefore on
7 December 1942 a revised progranune was agreed. Six Lancasters were to
be delivered to Defiord by 28 February 1943 and 22 during March. The trial
installation was to be completed for acceptance by the T.RJE. by 31 January
T943.

From the time when it was first decided to install H2S in Lancasters the

possibility of fitting the scanner system in the aircraft nose was the subject of
many di^ussions, and was closely allied with the bomb load to be carried.
Before the decision was made, arrangements had been completed for all factories
manufacturing Lancasters to incorporate in them the blister bomb-bay doors,
which included the use of different jigs and materials. When the introduction
of the H2S scanning system in the ventral position was planned, the Air
Ministry asked for an alteration to the programme to ensure that all except
approximately 10 per cent of the Lancaster output would retain the original
bomb-bay doors. Two of the biggest contractors were, however, already so
far committed in their preparations for changing to the new type of doors
that about 30 per cent of the total Lancaster production for 1943 would be
equipped witli them, and the percentage was likely to increase to 40 per cent
in 1944.* In January 1943 Headquarters Bomber Command considered it

to be highly desirable that all L^casters should be capable of carrying one
8,000 or two 4,000-pound bombs. Such a project was impracticable if H2S
was also required unless the scanner system was installed in the nose of the
aircraft. The Royal Aircraft Establishment was developing an ' ideal ’
navigator/bomb-aimer aircraft nose which was to incorporate an internally
housed scanning unit, and a Lancaster was to be used for an experimental
nose installation. Early experiments indicated that, with it. the forward-
looking range of H2S would be improved but the efficacy of backward-looking
would be impaired. Consequently, although the installation might be more
effective for target location and identification, it was probable that it would
be less satisfactory than the ventral installation as a navigation system, since
all-round scanning was likely to be adversely affected. If all-round scanning
were to be considered essential, a ' chb* design would have to be adopted,
and that might mean a reduction in speed. The current tendency was to do
everything possible to increase the speed of bomber aircraft, and the develop
ment being undertaken at the R.A.E. was aimed at producing an aircraft
nose which was aerodynamically acceptable.® If Headquarters Bomber
Command, in order that eventually all Lancasters could be fitted to carry
large bombs, were to agree to accept the limitations imposed by scanning in
a forward direction only, incorporation of a suitable scanning installation

‘-AM. File CS.IS551. * AM. File CS.1S5SI. »A.M. KleCS.13548.
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would take some six to eight months to implement, would involve the engage
ment of additional labour, and would cause further dislocation of the plans
made by the aircraft contractors. If, on the other hand; it were agreed that
the provision of H2S in 60 per cent of Lancasters, and of large bomb doors in
40 per cent, was satisfactory, the Ministry of Aircraft Production would be
enabled, to stabilise the aircraft production programme.

On 27 February 1943 Headquarters Bomber Command stated an official
operational requirement for H2S to be installed in all Lancasters except those
modified to carry the 8,000-pound bomb.^ Although the production plans
for Stirlings were not certain, the probable output figures indicated that a
number of squadrons would continue to be armed with them for some 12 to
18 months, and the order of priority of Bomber Command requirements was
given as:—

(a) Six Pathfinder Force squadrons (three Lancaster, two Halifax, one
Stirling).

(b) Main force Lancaster squadrons other than those carrying 8.000-pound
bomb.

{c) Main force Halifax squadrons.
((f) Main force Stirling squadrons.

In March 1943 the projected delivery of H2S equipments from October 1943
onwards was estimated at 400 per month. The requirements of Bomber
Command, Coastal Command, and, a new factor, the United States Eighth
Air Force, were calculated, in conjunction with the anticipated output of the
aircraft factories. The calculations indicated that it would be possible to
equip 130 Lancasters and 85 Halifaxes per month for Bomber Command, and
that those numbers flatted in with the requirements of the command and with
the number of aircraft that would be delivered from the factories. For, as
long as the production of H2S equipments did not rise above 400 per month,
such a programme would not involve the delivery of more H2S sets than could
be installed in aircraft. On 26 March 1943 the Air Member for Supply and
Organisation was able to settle the comphcated matter of Lancaster production
with the Controller General of the Ministry of Aircraft Production.®

Although the Lancaster trial installation had been accepted, subject to
minor modifications proposed bj' the S.I.U. at Defford and agreed to by
Headquarters Bomber Command on 28 January 1943, delivery to squadrons
of Lancasters equipped with H2S was tardy. The Chief of the Air Staff, the
Commander-in-Chief Bomber Command and the Secretary of State for Air all
expressed concern at the situation, and at the end of April 1943 the Prime
Minister asked the Minister for Aircraft Production to state his proposals for
accelerating the fitting of H2S, particularly in Lancasters. The Minister for
Aircraft Production attributed the delay mainly to the special bombing
operations against the Mohne and Eder dams and to the various other radio
modifications and installations required by Bomber Command. The dam

operations involved preparation at the Avro factory of 20 Lancasters, which
precluded delivery to the fitting parties at Defford of suitably modified aircraft,
and the other commitments were said to involve work on the aircraft assembly
lines which adversely affected the speed with which H2S modifications could
be incorporated. The projects causing delay were stated to be, amongst

> A.M. File C.30305/46. » A.M. File CS.15551.
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not to drop markers. Special target maps for use with H2S had been prepared
but they were not always up to date. On the night of 19/20 February 1943 the
Pathfinder Force mistook a new suburban area in Wilhelmshaven, which, had
not been marked on their maps, for the actual target area. As a result aU
target maps were revised by comparison with the most recent air photographs
of the areas. The majority of the earlier raids were not very successful, but
later, when improved pyrotechnics were used and more experience of H2S
had been gained, much better results were obtained and many of the operations
would not have been possible without it. Although H2S had originally been
projected as a blind bombing device to meet a comparatively simple require
ment, that of enabling Bomber Command to avoid dropping a high proportion
of bombs ineffectively on open countryside, the advent of Oboe marking in
March 1943 had set completely new standards of bombing accuracy, by which
the effectiveness of H2S was assessed. During the period under review it was.
of course, used only by the Pathfinder Force, and the most effective of the
earlier bombing attacks were made when it was used to enable flares to be
released over the target, which was then identified and marked visually by
following aircraft known as ' backers-up.' With that technique it was possible,
by the employment of very few aircraft equipped with H2S, to mark the
target so that up to 50 per cent of the main force were able to bomb it with

some degree of effectiveness. Assessment of the efllciency of the operations
ranged from failure to considerable and serious damage, the average probable
bombing error being assessed at about two miles.

By April 1943 the Pathfinder Force had developed  a standard H2S
marking technique which, with sm^l modification, remained in use until
the end of the war. An attack was begun with a group of H2S aircraft
all of which dropped target indicators and illuminating flares at the same
time. They were followed about two minutes later by a small number
of aircraft which identified the target visually in the light of the flares
and marked the target with indicators of another colour. After them came
' backers-up ‘ which aimed more target indicators, at intervals of one or
two minutes throughout the attack, at the inicators dropped by the
visual markers. If the visual markers had failed to identify the aiming point
and had not therefore dropped their indicators, the ‘ backers-up' aimed
indicators at what they considered to be the main point of impact of the markers
dropped by the H2S aircraft. A drawback of this technique was a tendency
for the focus of the bombing to shift slowly from the aiming point in the
direction from which the main force aircraft made their bombing runs. A
large proportion of the ‘ backers-up ' and main force bomb-aimers persistently
undershot the aiming point because they saw the indicators from an angle as
they approached, and did not judge the centre of the group of markers
accurately. As a navigation system H2S proved to be satisfactory. Its
effectiveness in that role was reduced to some extent by incorrect identification
by navigators of landmarks, faulty recording of range and bearing, and by
attempts to obtain fixes at excessive ranges and on towns which were too large.
In general H2S fixes were reliable and position errors were less than two miles.
Apart from technical failures, the raadn difficulties experienced with the H2S
Mark I installation were poor definition, gaps at or near bombing range, scan
distortion at close range, and the effects of evasive action on the P.P.I. display.
Development by the T.R.E. of a wave-guide fed scanner was well advanced,
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and it was expected that its introduction would narrow the beam width to

improve definition, remove clutter from the display, and fill the gaps. Experi
ments were also being conducted with roll stabilisation of the scanner to make
the P.P.I. display easier to interpret whilst evasive action was being taken.

Until August 1943 the majority of the attacks made with the help of H2S
were against targets in the Ruhr, but with the approach of the long winter
nights preparations were made for the bombing offensive to be carried deeper
into Germany, when the effectiveness of H2S would be severely tested. Before
then, however, in July 1943, H2S was used very successfully for raids against
Hamburg, the target chosen for its first operational use. During the night
of 24/25 July about 700 aircraft attacked and standard H2S marking was
employed by the Pathfinder Force.' Great fires, which lasted for more than
24 hours were started, and two nights later the attack was repeated, and for
the first time' fire-storms ’ resulted from the accurate and heavy bombing. The
target was again attacked in force during the night of 29(30 July and even
more areas of Hamburg were devastated. The dty was practically wiped out,
and in the words of the Commander-in-Chief, Bomber Command *. . . The

destruction of Hamburg was, and remained, the greatest succras gained by
the use of H2S; by itself, it would have more than justified the time and
labour spent on developing equipment . . . ■2

>' Window ' was used lor the first time on this raid.
Volume vn ; ' Radio Counter-Measures

‘ ' Bomber Offensive ' by M.R.A.F. Sr Arthur Harris.

See Royal Air Force Signals History,
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CHAPTER 3

H2S MARKS H AND m

The production of H2S in quantity, as distinct from the crash progranune
of hand-made installations, was begun at Ferranti and the Gramophone
Company in May 1943, and the installation manufactured on the main
programme was given the nomenclature of H2S Mark IT. The aircraft-

installation programme was made the responsibility of Headquarters Bomber
Command and H.Q. No. 43 Group, and fitting began at once, the Pathfinder
Force having priority.^ During the period of production and installation of
H2S Mark I, and as a result of experience gained during its operational use,
the development of many improvements had been started, and these were

eventually incorporated as modifications to H2S Mark II. However, the
governing factor was the ease with which proposed modifications could be

introduced. Before any change could be considered it was essential to ensure

that no large-scale production of new units for the main H2S equipment was
involved, and that the changes required did not involve major structural
airframe alterations. A number of units remained common to both H2S and

A.S.V., and means had to be devised so that the req\iirements of Bomber and
Coastal Commands were met with a single unit. This was usually done by
means of an internal switch whldi was set to the appropriate position when
the unit was being installed.

Improvemeiits Incorporated tn H2S Mark II

The first addition to the installation was that of Lucero. When the wave

length of airborne radar was changed from metres to 10 centimetres as the
result of the development of the magnetron valve, aircrews using the centi-
metric equipment were at first denied the use of ground radar systems for
blind approach, of radar beacons, and of I.F.F. facilities, which had been built
up on the metric wavelength. An interrogation system known as Lucero was
therefore developed. It consisted of a transmitter working on a wavelength
of H metres which was capable of interrogating beacon and identification
systems, and the local oscillator and first two I.F. stages of a receiver. The
transmitter was triggered by a pulse from the main airborne radar equipment
so that returned signals from Lucero were in phase with responses obtained
by the main equipment. The returned signals, after passing through the two
stages of I.F, amplification in the Lucero unit, were mixed with the I.F.

signals of the main equipment and then passed through a common amplifier
and detector channel; they appeared on the P.P.I. whenever a responder
was within interrogation range. Lucero worked with an aerial system,
independent of the main installation, mounted so that all-round cover and

azimuth direction finding were possible. In order that H2S might be made
quickly available as a target-location system, the Air Staff had, in January
1942, stipulated that H2S Mark I should be made as simple as possible. A

» T.R.E. File D.1738 Part 11.
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the aircraft and covered the direction from which attacks were usually expected
and were normally made. Design was not made final until July 1942, and
production was delayed because of the changes in design and a shortage of
essential components. Although by the end of May 1943 nearly 300 Halifaxes
had been equipped retrospectively, it was not until then that Lancaster and
Halifax aircraft began leaving the aircraft assembly lines modified for the
installation.^

Meanwhile, from about March 1942, the enemy had been using fighter
tactics at night which caused a small but steady rise in the casualty rate of
Bomber Command and which reached its peak in the summer of 1942, The
enemy night fighter aircraft climbed steeply untU it was under the tail of a
bomber aircraft when it opened fire at close range and continued to fire and
to climb yet more steeply until it stalled. Air gunners were repeatedly taken
by surprise for it was very difiScult to observe another aircraft against the
dark background below the tail. It became necessary for bomber aircraft
to be banked repeatedly whilst the area below was searched, and a cork
screwing flight was developed as a means of taking evasive action, but German
night fighters continued to be a serious menace. Boozer, a search receiver,
was produced in October 1942, as a tail warning device. Its purpose was to
inform the crew of a bomber aircraft when enemy radar was being used against
it, and in its original form was a, receiver which Jit a warning lamp when the
aircraft was within the field of radiation of an enemy radar transmitter so
that the pilot could take evasive action until the lamp went out. While this
appeared to be an immediate solution of many of the difficulties, the situation
was complicated by the fact that Boozer and Monica caused interference to

each other. With the advent of H2S, Fishpond was developed to enable some
form of warning of the approach of aircraft to be obtained without the need
for a separate and complete system, and without interfering in any way with
the normal operation of H2S. As the H2S scanner rotated and radiated a
beam underneath the aircraft, the area between the aircraft and the ground
was illuminated in much the same way as it would have been by an all-round
looking A.I. system. In the absence of any aircraft in the Vicinity of the
bomber no echoes were received between the time of the transmitter pulse
being radiated and the return from the ground immediately below the aircraft.
If there was another aircraft beneath the bomber, and at a slant range of less
than the height of the bomber above the ground, an echo was received.
Fishpond consisted essentially of an indicating unit using a P.P.I. display on
which such echoes were shown, their bearing relative to the bomber being
indicated. The choice of the name Fishpond came from the method of
displaying the echoes; the ground returns showed up as a bright fringe around
the edge of the P.P.I., and blips of other aircraft showed up as ' fish ' within
the ' pond.' Originally it was expected that Fishpond would be an interim
measure and would eventually be displaced by a system giving greater coverage
and having a presentation much easier to interpret. This influenced the design
of Fishpond in that especial modification to the H2S equipment itself could
not be tolerated, and Fishpond had therefore to be as simple as possible. In
May 1943 Headquarters Bomber Command reported that flight trials had
been satisfactory although a number of limitations prevented the full value of
the equipment from being assessed, and they considered that its use would have

»A.M. FUeCS.14125.
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However, the ideal nose offered many advantages in other ways. With it
aircraft performance was markedly improved, and there was everything to
gain from the aerodynamic aspect in having sach a nose incorporated. The
bomb-aimer's view and the layout of Ms instruments were good, and in
November 1943 the Directorate of Operational Requirements (Navigation)
decided that the merits of the nose installation generally outweighed the
limitations imposed by the lack of all-round scanning. It was made a firm
requirement for the new Mark of Lancaster, Mark IV, and arrangements were
made with the firm of A.V. Roe for it to be incorporated on the aircraft
production lines.' Neither the Director of Radar nor Headquarters Bomber
Command was satisfied with the arrangement and the reasons for its adoption.
It had been assumed that the backward-looking range would be 7 miles at
10,000 feet and 17 miles at 25,000 feet, but the T.R.E. continued to insist that

it was not possible to guarantee any backward range at all. It was realised
that the installation would seriously reduce the effectiveness of Fishpond,
but it had been assumed that A.G.L.T. Mark III would be introduced early in
1945. In January 1944 it became apparent that A.G.1..T. Mark HI would not
be ready for operational use before the end of 1945, and Headquarters Bomber
Command expected that the war against Germany would continue until after
that time. There was no reason to believe that Lancaster IV aircraft would

be operated in any manner different from that in wMch other heavy bomber
aircraft were employed. No great importance was attached to the provision
of a gunner's turret in the ventral position, and good all-round H2S coverage
was considered to be essential for navigation. It was finally decided, on
25 January 1944, to install the scanning S3^tem for Lancaster IV aircraft in
the ventral position, to fit them with 4,000-pound bomb doors, and not to
make provision for an under-turret interchangeable with the scanner but to
provide for a single hand-held gun which could be fitted in place of the scanner
if and when required. The specification for a nose scanning installation was
therefore cancelled.®

The later trials of the nose imtallation had been made with a barrel type of
scanner. Little experimental work had been done on scanning systems before
August 1949, but reports were then received from the U,S A. of successful trials
of a barrel reflector. The design of the scanner in its original form was not
entirely suitable for British aircraft because their cupolas were wider and
shallower than those on American heavy bomber aircraft, so some alterations
were necessary. The barrel scanner cotaisted of a single reflector fed by a
waveguide horn and was larger than the scanner then in normal use. Some
control over the field of radiation was obtained by varying the flare of the horn
and its position and angle relative to the reflector, which was a truncated
paraboloid. The results showed a satisfactory increase in the extent of coverage
and a reduction in gaps. The scanner was developed and produced as Scanner
Type 63 and was incorporated in H2S Mark IIC, an installation which also
included the addition of roll stabilisation and scan distortion correction.

The effects of evasive action on the P.P.L display of H2S had quickly become
apparent during the early Pathfinder Force operations. To make H2S reaUy
effective it was important to maintain an even distribution of energy over a
wide range of angles of elevation, but with the stanner'fixed to the aircraft as

i A.M. FUe CS.22828. » A.M. File CS,22828,
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it was witti H2S Marks I, II, IIA and IIB, the even distribution was completely
upset if the aircraft departed from straight and level flight. 3mce evasive
action^ involving corkscrewing, violent banks and steep dives, was an essential
part of operational sorties, it was very desirable that the efficient operation of
H2S should not be restricted to those periods when the aircraft was flying
straight and level. This meant that the distribution of energy over the ground
should be maintained by having the scanner fixed relative to the ground and
not to the airframe; in other words the scanner was required to be stabflised.
To this end the scanner was detached from the airframe and mounted in a

gjnnbal ring which was in turn suspended in the airframe so that it could rotate
about its axis in the fore and aft line of the aircraft. This did not allow for

any correction to the position while the aircraft was diving or climbing, buhwas
confined to roll stabilisation. Because of the space and weight limitations
imposed on the scanner by aerodynamic requirements, it was necessary to
restrict rotation of the gymbal ring to plus or minus 30 degrees from the
symmetrical position, but the Operational Research Section of Bomber Command
established that with such correction a recognisable picture could be obtained
during a large part of any sortie.

Early experience with H2S had also shown that the P.P.I. display was
distorted at close ranges. The indicators in use employed linear scan.
Consequently the distance of an echo from the centre of the P.P.I. was
proportional to the time taken for the response from an object to travel the
return distance, and was therefore proportional to slant range and not to the
horizontal distance between the object and a point directly beneath the aircraft.
A town was consequently shown on the P.P.I. as a foreshortened version of
its actual shape. For purposes of navigation this was not very important, but
since distortion increased as the range was closed, it was a great disadvantage
from the bomb-aimer's point of view. He was usually given a feature of the
target to be attacked to use as an aiming point, and identification of that point
on the P.P.L was not always possible. As, with the development of H2S, gaps
in the radiation field were reduced and other drawbacks thus eradicated, it
became necessary to improve presentation. A new indicator, using rotating
scan, was required, but limitations on design were imposed by Service require
ments that it should be completely interchangeable with the existing t5fpe of
indicator; size, weight, power supplies and cables were aU to remain unchanged.
Many of the earlier attempts to provide an indicator were successful in so far
as results were concerned, but were ruled out because of weight and space
considerations.

At the beginning of October 1943 the T.R.E. reported that development of
a new indicator, Type 184, which included scan distortion elimination, and a
roll stabilised scanner, had been completed. Twelve models of the indicator
were being made at the T.R.E., and an experimental roll stabilised scanner
had been flown with successful results. Headquarters Bomber Command was
anxious to have the modification introduced into the main H2S production
programme as soon as possible and asked for crash programmes to be arranged in
the interim. Contracts for indicator Type 184 had been placed but at the
beginning of November 1943 the Gramophone Company had not completed
the drawing office stage, and type approval of the Gleneral Electric Company
production model was not expected before February 1944. It was suggested
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that the addition of roll stabilisation and scan distortion elimination should be

carried out in two phases. No difficulty was envisaged with the introduction
of indicator Type 184, which could be installed on squadrons once modification
kits were made available, but the supply position of g5Tros and motor generators
made the production of roll stabilised scanners an uncertain proposition. The
firm making the gyros, Henry Hughes, could undertake only limited production,
and a crash programme was impracticable, as the firm was heavily committed to
the production of Sperry Gyros and Mark XIV bombsights. No development
contract had yet been placed with the Gramophone Company specifically for
development of the electrical units of H2S Mark IIC as a whole. Whikt it was
decided that the production line of H2S Mark I IB equipment should be changed
over to H2S Mark IIC as soon as the arrangements could be made, as an interim
measure indicator Type 184 was to be incorporated in H2S Mark IIB, and the
resultant installation was given the nomenclature H2S Mark IID.^

Limitatioiis of H2S Mark n

By the middle of August 1943,840 H2S equipments had been manufactured,
and it was estimated that the monthly output would rise from 240 in that month
to 600 in February 1944, A shortage of suitable connectors was still a limiting
factor in the number of aircraft that could be modified for the installation of
H2S, and it was hoped to increase the production of connectors by substituting
a new design of cable form for the enamel wire which was causing the major
difficulties and delays. Another shortage which made the installation and
servicing of H2S and associated radar equipment increasingly difficult was that
of radar mechanics. The immense amount of effort which had been devoted to
development and production of aircraft radar would largely be wasted if
mechanics were not obtained. The manning in Bomber Command was 30 per
cent below establishment. In August 1943 Headquarters No. 60 Group offered
to release a number of ground radar mechanics for attachment to the command
for as long as the grave shortage existed. The proposal was accepted and the
necessary specialised training on airborne radar was given within the command.®
Installation of H2S in aircraft of the main force was about to begin, and it was
necessary to decide whether, when the equipping of sufficient aircraft hdd been
completed, the pathfinder technique was to be adhered to or whether crews of
the main force were to drop bombs on indications received in their own H2S
equipments as had been intended when the equipment was first devised.® The
importance of teaching bomber crews to regard H2S as a blind bombing device
as well as a navigation system was fully appreciated, but Headquarters Bomber
Conunand naturally preferred to adopt the method which would ensure the
greatest number of bombs falling in the target area in all circumstances. It
appeared that by retaining the P.F.F. technique the desired result could be
obtainedin 90 per cent of operations. The only exception was when the command
attacked a target such as a small town of whiclx the radius was about three-
quarters of a mile or under from the aiming point, in ten-tenths' cloud conditions.
The pathfinder technique involved bombing on skymarkers in such circum
stances, and it seemed probable that better results would be obtained if crews
bombed on their own H|2S plots. However, the Air Officer Commanding,

more

* A.H.B./IIE/6/60. The requirement for roll stabilisine platforms was cancelled in
May 1945. (A.M. FUe CS. 16458.)
’ A.H.B./I1E/6/60, »A,M. File CS.21346.
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Pathfinder Force, contended that greater accuracy would be obtained if sky
marking continued to be used, and it was agreed that against small targets the
main force aircraft would use H2S for navigation and target approach but
would aim visually at the estimated centre of skymarkers.* The procedure for
the use of H2S by the main force was to be reviewed when the squadrons had
gained more experience with the equipment. On the night of 17/18 November
1943 aircraft of the Pathfinder Force carried out an experimental blind bombing
attack against Mannheim and Ludwigshafen. No markers were dropped and
all crews were instructed to bomb only on H2S indications. It was estimated

that 60 per cent of the bombs were dropped in the target area, and 50 per
cent within a mile and a half of the aiming point. However, all the crews were
highly trained and experienced in the interpretation and use of H2S, which
would not be so with main force crews, and it was decided to continue using the
pathfinder technique and sky marking during the winter of 1943/44.

By 12 October 1943 the number of aircraft which had been fitted with H2S
and delivered to Bomber Command totalled 255 Lancasters, 155 Halifaxes and

70 Stirlings, and of these 50 Lancasters, 70 Halifaxes and 29 Stirlings had been
lost. The number of aircraft modified for H2S but not yet equipped was rather
high. 26 Lancasters were in operational use in No. 5 Group and could not be
spared in order that installation might be completed and flight trials undertaken,
16 were in the hands of Bomber Command fitting parties, and 15 already
equipped were not available for use in squadrons because bad weather had
interfered with flight tests. Nos. 7, 83, 97,156, 405 (Lancaster) Squadrons and
No. 35 (Halifax) Squadron of the Pathfinder Force were equipped with H2S
Mark IIA, and 20 Lancasters, 20 Halifaxes, and 22 Stirlings of the main force

with H2S Mark II.* Headquarters Bomber Command was able to report from
ojjerational experience that the introduction of waveguide-fed scanners had

eliminated the gaps which had previously made the run in for the bombing
approach so difficult and had noticeably increased the definition; it was possible
to identify coastlines and built-up areas much more readily.* Generally,
isolated towns approximately two miles in diameter, and coastal towns, were
the best targets for H2S bombing? Towns in congested industrial areas, such as
the Ruhr, were very difficult to identify since definition was still not sufficiently
good to enable each particular built-up area to be separated. Very large cities,
although easier to identify, could not be bombed accurately with H2S. because
bomb-aimers experienced great difficulty in selecting a specific aiming point in
the built-up area. Responses entirely filled the P.PJ. screen so that no
recognisable shape could be seen, and open spaces such as parks and squares
could not be pinpointed. The inability to recognise with certainty particular
parts of a large target was especially significant in the case of Berlin. Although
its importance as an indust^ centre alone made it  a worth-while target, its
political prominence made effective attacks even more desirable from the Allied
point of Anew. The dty housed 5 per cent of the total population of Germany
and was the chief administrative centre. The Russians attached great importance
to its being bombed. Because of its distance from England it could only be
attacked during the Avinter nights, when heavy bombers were able to fly
outward and homCAvard during the hours of darkness, and from whatever
direction the attack was made at least four hours’ flying over very heavily

* A.H.B./lIE/248/2/l. Fitting Progress of H2S aircraft.I A.H.B,/IlE/6y60.
•A.M. FilcCS.15545, .
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defended areas was involved. The ground defences of Berlin were heavier than
anywhere else in Germany, and its night fighter defences were well concentrated.
Heavy losses attended attacks in December 1941, and none were carried out

in 1942. In January 1943 haze and snow prevented the Pathfinder Force from

identifying the aiming point visually, and again operations against Berlin
achieved little success but heavy losses. The city was well outside the range of
Gee and Oboe and it was hoped that the introduction of H2S would improve
the prospects of concentratbg bombs on specific targets within the built-up
area. Although by March 1943 it was getting near the time when Berlin would
be out of range of heavy bombers during the hours of darkness, three attacks
with H2S marking were planned. On the first the pathfinders found it impossible
to identify the aiming point, and it was decided that for the following operations
timed runs would be made from prominent landmarks outside the city which
would give good H2S responses. Suitable points were few however, and for
the second attack a lake, the Muggel See, was used as a landmark and identified
visually in the light of flares. The main force was prevented by bad weather
from arriving in time to use the markers, and for the third operation the markers
were wrongly placed. After the success of the offensive against Hamburg, it
was hoped that a similar result with Berlin would have a decisive effect on the

war. The city was subjected to three attacks in ten days at the end of August
and beginning of September 1943. In the first the pathfinders tried to obtain
an H2S fix, from which to fly to the real aiming point in the centre of Berlin,
on a feature which showed up very clearly in an air photograph. It was a
built-up area projecting outwards from the main part of the city in the shape of
a hook; theoretically it should have been easy to distinguish on the P.P.I.

screen but in practice it was not. The pathfinders tried the same technique
for the second operation when the main force failed to arrive in time, and for the
third operation the method of a tuned run from the Muggel See was employed.
Again the attack was not made against the real aiming point, which escaped
damage. A higher degree of discrimination was essential if H2S was to be of
real value, and it was expected that an installation working on a wavelength of
3 centimetres, generally known as X band, would meet the requirement. On
4 July 1943 the Prime Minister had informed Sir Robert Renwick that ‘. . .as

we extend our main radius of operations beyond range of Oboe, H2S will become
more and more important. I am anxious you should spare no pains to speed
up improved H2S ... if extra staff is required it should be obtained, even
should this mean slowing up work of lower priority .  .

Development of X-Band H2S

The invention of the magnetron had made possible the development of H2S
by enabling a rotating aerial system, capable of radiating a narrow beam
through 360 degrees, to be installed in an aircraft. On the 10-centiraetre
wavelength the beam was, however, about 8 degrees wide. When, as the
scanner rotated, the beam was directed to within  4 degrees of an object, the
echo was displayed on the P.P.I, screen, and remained there until the scanner
had rotated through another 8 degrees. Rotation of the time-base was synchro
nised with that of the scanning mirror, and the echo appeared on the display
as an arc of 8 degrees. The shape of a collection of reflecting objects, such as a

^ .A..H.8./JD/12/195.
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town, was therefore falsely displayed because the objects on the fringe were
presented through an extra 4 degrees, and the Width of the town was extended
by the width of the beam. At 5 miles slant range this amounted to three-
quarters of a mile. Similarly, echoes from the land immediately surrounding a
lake or river extended over the water area by half a beam width at both sides.
Thus a lake or river three-quarters of a mile wide would not be shown on the
P.P.I. screen at slant ranges greater than 5 miles. Consequently, in order to
obtain improved definition, it was necessary to reduce the beam width. This
could have been achieved by increasing the size of the scanner mirror, but that
method was not immediately practicable because of the increased aircraft drag
involved. In the 3-centimetre technique reduction could be effected by increasing
the transmitter frequency from the 3.000 megacycles per second of H2S Mark II
to 9,000 megacycles per second. This reduced the beam width to approximately
3 degrees with a consequent improvement in the fidelity of the display.
From the beginning of development of H2S eventual employment of the

3-centimetre wavelength had been anticipated at the T.R.E., where A.S.V. Mark
XI was being developed for the Fleet Air Arm, and design of H2X had been
started on the assumption that it would become an operational requirement.^
Experimental work on Stirling and Halifax installations had been envisaged in
October 1942, but could not be carried out until essential units had been made
at the T.R.E. or by contractors.* After setbacks and delays caused mainly by
the technical difficulties involved in the development of a valve to work efficiently
on the new wavelength, the first pre-production 3-centimetre equipment
developed for the Fleet Air Arm was installed in  a Swordfish in February 1943.
just after the first operational use of H2S, and flight trials were successful. A
production and installation programme of the new Installation, known as A.S.V.
Mark XI, was arranged, but to meet Admiralty requirements only.
During March and April 1943 reports of Bomber Command operations in

which H2S was used for marking reached the Royal Air Force Delegation at
Washington, U.S.A.® They showed clearly that H2S held promise in spite of
comparatively poor ranges and serviceability. At about the same time good
reports of the serviceability and performance of A.S.G.] (A.S.V. Mark V)
beginning to arrive, and the United States Navy was using a 3-centimetre
installation, A.S.D., with which a high degree of definition was being obtained.
The Royal Air Force Delegation studied ways and means of assisting the Bomber
Command H2S pro^amme for the winter of 1943/44, and approached the
British Air Commission, who showed immediate interest in the possibilities of
converting A.S.G.l into 3-centiinetre equipment by incorporating the R,F.
units of A.S.D. The Ministry of Aircraft Production was infonned of the
proposal, the essence of which was that well-tried equipment already in
production would be used, so that little development and no research work was
required. Modifications were to be kept to a minimum since each change
would involve delay, and it was considered that a simple ASG/ASD hybrid
would be an improvement on H2S. It was envisaged that the number of
equipments produced would be no more than 200 so that the required parts of
A.S.G. and A.S.D, could be diverted from current production ; a.larger number
would necessitate a special production programme. The Lancaster was
considered to be the only suitable type of aircraft likely to be employed in the

were

‘ See also Royal Air Force Signals History. Volume VI: ' Radio in Maritime Warfare'
H2X was the name given to H2S on 3-centimetre wavelength.
•T.R.E. File D.1738. • A.M. File C.28982/46.
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Pathfinder Force, and on 27 April 1943 the British Air Commission suggested
that a Lancaster should be sent over from the United Kingdom for prototype
installation. The ideal arrangement was thought to be that the aircraft should

be one already equipped with H2S so that it could be used to stimulate interest

in the U.S.A.A.F., which at the time had no urgent requirement for H2S since
its strategic bombing was carried out by day. The Lancaster, when ASG/ASD
had been substituted for H2S, would be used for flight trials and after their

satisfactory completion would be returned to the United Kingdom, where a
special installation unit could be formed. It was emphasised that there would

be no need for changes to be made on the Lancaster production lines and that
the work of the installation unit would not be complicated. Other advantages
of the proposed plan were that servicing personnel were already being trained
on the two basic equipments, and spares and test equipment were already
being made available. The operational performance was expected to be much
superior to that of H2S. Ranges would be greater because power output was
higher, and serviceability was expected to be that of A.S.G., an average of
about 180 flying hours for every failure in the air. The improved presentation
would simplify considerably the training of operators.^ During the first five
months of 1943 250 A.S.G. equipments were delivered to the British Air
Commission, and production had been as high as 70 in one week. A request
for 200 in addition to the e.xisting A.S.V. allocation could be met by monthly
deliveries until December 1943. About 400 A.S.D. equipments had been

manufactured, and a production rate of 40 weekly had been planned and
reached, although not maintained ; the additional 200 required could be
obtained by monthly allocation between June and the end of the year. The
United States Navy was willing to make arrangements for modification of
up to 200 equipments since the commitment could be undertaken by a small
sub-contractor without interference to existing programmes.

In May 1943 Lord Cherwell, during a visit to the U.S.A., flew in an aircraft

equipped with the experimental 3-centimetre equipment and was impressed
with the performance and the P.P.I. presentation.® At a meeting held by the
Secretary of State for Air on 31 May 1943 to consider the development and
production of scientific equipment, he suggested that the installation of
American H2X equipment in aircraft of Bomber Command would increase

the effectiveness of the bombing offensive, and that the possibilities of an
installation programme being carried out before the autumn should be

examined as a matter of urgency. The Secretary of State for Air agreed that
there was an immense need for improving as much as possible the efficiency of
the bombing offensive and thought that if the installation prospects were
reasonable it might prove worth while to equip two squadrons.®

Meanwhile, progress had been made with the development of H2X in the
United Kingdom. Early in the year a Stirling H2S installation had been

modified to work on 3 centimetres by using the R.F. unit of the Swordfish
installation, and trials of the equipment in an H2S role were undertaken. The
results of the trials were not very promising insomuch as the ranges and
coverage were poor and the equipment failed at high altitude, but in May a
requirement was stated for the conversion of a limited number of H2S Mark II

» A.M. FUe C.28982/46. «A.M. File CS,23288.

» A.H.B./IVA/33 Part II. Minutes of Scientific Equipment Progress meetings.
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installations to H2X and for 200 H2X equipments to be developed and
produced on high priority with a view to fitting three squadrons of Bomber
Command by 1 January 1944.^ As an interim measure, until H2X was ready.
Headquarters Bomber Command required ASG/ASD to be installed.

A.S.V. Mark III had been introduced into operational use by Coastal
Command in March 1943 as a countermeasure against the employment by
the U-boat Command of metric wave search receivers. The early introduction
of search receiver operations on the 10-centimetre waveband was anticipated,
and the preparation of suitable countermeasures was required.® One of the
proposals was that sufficient equipments from the H2X crash programme should
be diverted to Coastal Command for installation in one squadron of Wellingtons
by October 1943 and that the projected production of 200 ASG/ASD equip
ments should be installed in 100 Liberators for use as A.S.V. by 1 January
1944.3

At the beginning of June 1943, therefore, it became necessary to decide the
relative claims of Bomber and Coastal Commands to H2X and ASG/ASD.
The Air Ministry wished to avoid equipping British bomber aircraft with
American radar equipment unless its performance was so superior to that of
British equipment that forsaking an accepted policy was justified. It appeared
reasonable to assume that H2X could be made available as soon as, if not
before, ASG/ASD, and that performance would be similar. Consequently it
decided that the ASG/ASD hybrid equipments should be installed, in the
U.S.A., in Liberators for Coastal Command. The remaining issue to be
decided was whether the bombing offensive would benefit more if Bomber
Command received the total output of H2X in view of its higher degree of
discrimination, or whether the importance of the anti-U-boat campaign
justified the allocation of H2X to Coastal Command. Eventually, on 8 July
1943, it was decided that because of the improvement in definition which was
expected to result from the introduction of waveguide-fed scanners in H2S
Mark II installations, the comparative merits of H2S Mark 11 A, H2X and
ASG/ASD were to be determined by trials before a definite decision was made.*
On 9 July 1943 the Chief of the Air Staff provisionally agreed that, subject
to the outcome of the trials, the H2X output should be allocated for installation
in three squadrons of Pathfinder Force Lancasters, and in one squadron of
Coastal Command Wellingtons, by the end of 1943. He added a proviso that
the programme was to be reviewed later in the year and confirmed or changed
according to the strategic situation at the time. There was much to be said
for confining the use of 3-centiraetre equipment to Coastal Command for some
time after its introduction into the Service. The change of wavelength might
prove to be of considerable importance in the war against U-boats, and its
loss over the Continent before it had been used operationally over the -Atlantic
and the Bay of Biscay would enable the enemy to produce a suitable search
receiver in time to neutralise its value.®

However, the inability of the Pathfinder Force to identify aiming points
during the attacks against Berlin early in September 1943 emphasised strongly
the urgent need for an improvement in the definition of H2S. A special crash

» A,M. FUe CS.23288.

* See Royal Air Force Signals History. Volume VI  ; ‘ Radio in Maritime Warfare
* A.M, File CS.23288.

was

• A.M. File CS.23288.

* T.R.E. Report No. T.1636.
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programme to install H2X in six Lancasters of the Pathfinder Force by
1 November 1943 was put into force immediately on high priority. Although
this meant freezing the basic features of the design when it was in a promising
state of development, it also assured the T.R.E. of extra manpower, a good
supply of experimental scanners, and adequate aircrews and aircraft for test
flights. Rapid progress was made and the experience gained lessened to some
extent the delays which were to occur with the main programme and provided a
basis for future development.* A Type 63 scanner was used, and the scanner
rotating mechanism was essentially the same as used with H2S. as were most
of the components of the electronic equipment other than the 3-centimetre
H.F. unit, although the receiver had to be modified. During trials an average
maximum range of 24 miles and a minimum range of  2 miles were obtained at
20,000 feet. Definition was estimated to be six times as good as that of H2S
Mark II and three times that of Mark IIA.*

The comparative trials were plaiuied to be held in October 1943. Lancaster
ED.605 left Defford on 25 July 1943 for the United States of America, equipped
with H2S Mark 11 A, Fishpxind and Monica, to stage demonstrations of the

equipment and to acquaint authorities in the U.S.A. with oj>erational experience
gained by Bomber Command. Demonstration flights were made in various

parts of the U.S.A. and Canada during August, and in September the aircraft
was equipped with ASG/ASD and experimental equipment similar to Fishpwnd,
with which satisfactory tests were made at a height of 20,000 feet.® Meanwhile,
however, the situation regarding H2S had changed considerably in the U.S.A.

When the ASG/ASD project had first been raised there was no pressing
requirement for H2S or its equivalent in the U.S.A.A.F.; optical bombsights
for precision bombing had been developied and operations in which they could
not be used had not been envisaged. When the United States Eighth Air
Force began of)erating over Europe it was found that reliance could not be

placed on the bombsight for the majority of operations because of weather
conditions. As a result some Liberators and Fortresses were equippjed with
H2S Mark IIA emd plans were made to effect an immediate improvement in
tl>e effectiveness of bombing of the U.S.A.A.F. There was a demand for more

radio aids to navigation and blind bombing, especiaUy for systems of the H2S
and Oboe typie.* The comptaratively simple ASG/ASD installation was used

as the basis for development of an advanced H2X called AN/APS 15, and
production lines were set up for manufacturing complete equipments.® In
the circumstances the United States Navy was unable to sponsor the manu
facture of the simpler hybrid in case an attempt to do so should seriously
conflict with the major production programmes, and the output of AN/APS 15
for the first few months was to allocated to the U.S.A.A.F. There was

therefore no longer any point in evaluating the merits of American H2X (or
Bomber Command, and in any event Lancaster ED.605 was unable to return

to the United Kingdom until the end of 1943.®

»A.M. File C.28982/46,
‘ A.M. FUe CS.23288.

* T-R-E. Report No. T.1636.

»A.M. FUe C.28980/46.

‘ See Royal Air Force Signals History. Volume VI:  ‘ Radio in Maritime Warfare ', for
further details of AN/APS 15.

• A.M. File C.28980/46, In 1945 pathfinder Liberators equipped with AN/APS 15 were
in service with the R.A.F. in overseas theatres. The Installation was given Uie nomeuclature
H2S Mark V.
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Conflicting Requirements of Bomber and Coastal Commands

In October 1943 the Commander-in-Chief. Coastal Command, Informed the
Air Ministry that there was strong evidence to support the belief that the enemy
was employing a search receiver on the 10-centimetre wavelength, and unless
suitable alternative equipment to A.S.V, Mark 11 were made available quickly
the success of the anti-U-boat offensive in the- Bay of Biscay would be
hopelessly prejudiced. He pointed out that 10-centimetre A.S.V. had been
used in Coastal Command for over nine months, and countermeasures  to
German search receivers had become ‘ a. matter of immediate practical
importance after a period of grace considerably longer than we had any right
to expect ... ’.1 The plan to equip one squadron of Coastal Command had
not. of course, been put into effect although the contingency which it Was
intended to meet had become a matter of certainty. The Commander-in-
Chief considered that at least two squadrons should be fully equipped by the
end of the year, and strongly urged the adoption of special
accelerate production.

The relative urgency of the need for H2X installations in aircraft of Bomber
and Coastal Commands, was considered at meetings of the Artti-U-boat
Warfare Committee and at the Air Ministry during October, in order that the
extent to which requirements might be met from the crash programme of
200 equipments could be decided.* No further orders had been placed and a
setback had occurred in the planned production schedule, the principal
being a lag in production of the 3-centimetre H.F. units.* A more realistic
possibility was 100 equipments by the end of the year. 50 in January and 50
in February 1944. A limiting factor was still likely to be the supply of H.F.
units in which CV.108 magnetron valves were used, and the supply of CV.108
valves was insufficient to meet the demand. In addition, the useful life of
the valve was much less than had been anticipated, 20 to 30 hours instead of
200 hours, so that production was likely to lag even further behind require
ments. American 3-centimetre magnetron valves Type 725A were in good
supply but were of different external dimensions and could not be used in the
H2X units. The T.R.E. therefore began an immediate investigation of the
possibility of modifying the equipment so that American magnetrons could
be used.'* If it was assumed that the immediate requirement of Coastal
Command was the 50 installations for which provision had been made in the
crash programme, it would be scarcely possible to equip three squadrons of
the Pathfinder Force. Even that could only be accomplished at the risk of
giving them insufficient spare equipments to enable them to operate for
than three months; a major disadvantage since quantity production of H2X
equipments was not likely to be effective for at least another year.

The implications were momentous. Headquarters Bomber Command, after
ten months’ experience of H2S, estimated that its use afforded good results
on only one raid of every four, and confidently expected that the improvement

See also Royal Air Force Signals History, Volume VI: ' Radio
in Maritime Warfare ’. American iO-centimetre A.S.V. equipment was in use before A S V
Mark III.

’ A.M. File CS.16768. * A.H.B,/IIE/6/60.
‘ In February 1944 Headquarters Bomber Command was asked not to increase the

number of mam force squadrons to be equipped with H2S because of the difficult manu
facturing problem created by a general shortage of magnetron valves. (A.H.B./1IE/6/60.)
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in definition to be obtained with H2X would enable an average ol at least two
good raids in four. As the number of heavy bombers had increased, so had
bombs become more effective, and it was of greater importance that attacks
against large targets at long range, in particular Berlin, should be more
accurate and concentrated. Acting on the assumption that only 200 H2X
equipments, but no less, would be available, the Commander-in-Chief. Bomber
Command, had planned to install the total output in aircraft of three squadrons
of the Pathfinder Force, instead of in the six squadrons which he considered
to be the actual requirement, so that H2X could be maintained in operational
use throughout 1944. Speed in equipping the squadrons was essential since it
would be during the winter months tliat they would be employed to the fullest
possible extent and advantage. In the circumstances the Commander-in-
Chief, Coastal Command, decided that he would ask for no more than one of

his squadrons to be equipped. It was therefore recommended that the output
of the H2X crash programme should be allocated so that one pathfinder
squadron could be equipped, to be followed by one Coastal Command squadron,
and then the remaining equipments were to be installed in aircraft of another
two pathfinder squadrons.* However, the Air Staff, after further study of
the proposal, considered that, in view of the uncertainty of supply of sufficient
spare equipments to maintain in service for any length of time so many equipped
aircraft, and in view of the urgent need to pro\asion for spares over a period of
twelve months until equipments would be available from a quantity production
programme, it would be in the common interest to allocate the whole of the

output of H2X to Bomber Command. The anticipated improvement in the
accuracy of target marking, and the consequent increase in concentration on
the target of bombs dropped by the main force would, it was urged, be of
direct assistance in anti-U-boat warfare. It had been calculated that as a

result of the bombing offensive during recent months the production of U-boats
had been reduced by 40 to 50 per cent. Even if the estimate was over-optimistic,
it was thought likely that the value of a considerable increase in the effectiveness

of the bombing offensive would outweigh that which could reasonably be
expected to result from equipping one squadron of Coastal Command. The
main advantage to be gained from H2X lay in the value of a change of wave
length, and that would be only temporary and was possibly illusory; it was
quite possible that the search receiver used by the enemy to monitor
10-centimetre A.S.V. emissions might also be effective on 3 centimetres. The
Chief of the Air Staff decided that, in the circumstances, it would be unwise to

allocate any H2X equipments to Coastal Command. The Chief of the Naval
Staff and the Conunander-in-Chief Coastal Command did not dissent, but were

most anxious that higher priority should be given to the production and
installation of High Power lO-centimetre A.S.V., A.S.V. Mark VI, which was
another means of defeating the U-boat search receiver, and the Deputy Chief
of the Air Staff immediately initiated the necessary action to that end.*

During November 1943, however,' it became clear that the production
programmes for both the H2X and A.S.V. Mark VI installations were failing
seriously behind schedules. Unless drastic measures were taken, only 10 air
craft would be fitted with H2X, and it was doubtful if as many as 25 with

» AM. FUe CS.16766.

• A.H,B./1IK/12/5(B). See also Royal Air Force Signals History, Volume VI: ‘ Radio
in Maritime Wariasc
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A.S.V, Mark VI, before the end of the year. The two programmes were inter
dependent insofar as essential componentsforscanningsystems were concerned,
and the production of scanning units for A.S.V. Mark VI was stated to be
conflicting with the satisfactory production of scanning units for H2X,‘ In
addition, the limited capacity of the Special Installation Unit at Deflord was
strained to such an extent by the two installation programmes that its output
was adversely affected. It had been arranged that whilst the special instal
lations were being made by the T.R.E,, S.I.U, personnel would at the
time be trained in H2X installation. Then the S.I.U. personnel were to install
at Defford 10 H2X equipments from the crash programme, meanwhile
training P.F.F. and No. 32 Maintenance Unit personnel, after which the
maintenance unit would be responsible, in conjunction with Headquarters
Bomber Command, for the remainder of the installation programme.*

same

Meanwhile progress had been made with the special programme to equip
six Lancasters with H2X. Although, because of exceptionally bad weather
conditions, it had not been possible to carry out necessary flight tests in time
to hand over the aircraft by the target date of 1 November 1943, the installations
had been completed. The first three Lancasters were delivered to the Path
finder Force on 13 November and the other three on 17 November 1943.* The
Commander-in-Chief, Bomber Command, had, after the failure to hit the centre
of the city in the September raids, postponed any further attacks against
Berlin until H2X was available. On the night of 18/19 November 1943 the
Battle of Berlin, which lasted until the middle of March 1944, began. The
Pathfinder Force included two I.Ancasters equipped with H2X. or H2S
Mark III as it was named. The results obtained with the installations were

described by the Deputy Chief of the Air staff as' .  . , most outstanding . . .
Target definition was very good and the accuracy and concentration of bombing
was a great advance on that obtained with lO-centimetre H2S. Headquarters
Bomber Command and the Air Staff considered that if H2S Mark III could be
installed in an adequate number of pathfinder aircraft, the bombing offensive
could be made increasingly effective against Berlin and other targets at long
range even when weather conditions over enemy territory were very adverse.
Only bad weather at home bases, and severe icing conditions would be limiting
factors, and it was felt most strongly that full advantage should be taken of
the long w'inter nights immediately ahead. In the event, the Battle of Berlin
was fought in the most appalling weather conditions, and scarcely
ever caught a single glimpse of the objective. Photographs showed nothing
but clouds. Not until after six attacks had been made was it possible for a
photographic reconnaissance aircraft to obtain confirmation that the target
was being fairly accurately and devastatingly bombed. Then the weather
again closed in and not until March 1944 was it possible to make any assessment
of the damage.

an aircrew

The Director-General of Signals considered that it was important to give
active support to the bombing offensive and on 29 November 1943 recommended
that the -Air Staff should focus effort on the Bomber Command programme
even at the expense of delaying yet further the introduction of A.S.V. Mark VI

1 A.H.B./ID/12/201. 3-ccntimetre A.S.V.
• A.M. File C.28979/46.

sA.H.B./nE/e/60,
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into operational use in Coastal Command. He estimated that it would be
possible to complete installation of H2S Mark III in about six aircraft by
4 December 1943 and four aircraft each week thereafter if the H2X programme
were given the higher priority until the middle of January 1944. By then
No. 32 Mainten,ance Unit would be able to undertake its installation. The

lag in the production of scanning units for A.S.V, Mark VI would be increased
and its installation in aircraft of Coastal Command at the S.I.U., Defiord,
would have to be postponed until the maintenance unit took over the Bomber
Command commitment.

The plan would enable the Pathfinder Force to be equipped by the end of the
year with the minimum number of H2S Mark III installations required to
increase the effectiveness of the offensive. The Air Ministry therefore felt
justified in asking the Admiralty, after discussing the strategic situation with
the Commander-in-Chief, Coastal Command, to agree to the delay in the A.S.V.
Mark VI programme. The U-boat Command had adopted  a safety-first policy.
U-boat commanders were rarely exposing themselves to the risk of air attack
and shipping losses were comparatively low.^ The bombing offensive appeared
to be reducing the rate of production of U-boats and was obviously of immense
value to the air offensive as a whole and to the maintenance of air supremacy
which was so essential. A defensive policy had been forced on the Luftwaffe,
and the German aircraft industry had been diverted to the production of fighter
instead of bomber aircraft and guided bombs. Even that production was being
much reduced by bombing raids, whilst fighter losses increased. Consequently,
although faced with the prospect of receiving only about six aircraft fitted with
A.S.V. Mark VI by the end of January 1944, the Commander-in-Chief, Coastal
Command, and the Admiralty, agreed to the modified installation programmes.

Installation and Further Development of H2S Mark m
The last heavy attack against Berlin was made on the night of 24/25 March

1944. By then H2S Mark III had been installed in some 55 Lancasters of the
Pathfinder Force, of which 17 had been lost, and H2S Marks IIA and IIB in

about 800 Lancasters, 490 Halifaxes and 85 Stirlings, of which 339 Lancasters,
216 Halifaxes and 30 Stirlings had been lost. The Stirlings had been replaced
in operational squadrons by Lancasters, and were being used by the Heavy
Conversion Units in a training role. Not all the equipped aircraft were available
for operations on any one night, however, because of the shortage of fully
trained crews. All five Lancaster squadrons of the Pathfinder Force contained
aircraft equipped with H2S Mark III, and the remainder of the pathfinder
aircraft were equipped with H2S Mark IIB, which was then being installed in
aircraft of the main force to replace H2S Mark IIA. The aircraft of the main
force equipped with H2S were distributed amongst 18 squadrons, and aircraft
of an additional 10 squadrons were being fitted.®

The large-scale installation programme had not been accomplished without
setbacks. The main force programme had been held up in the latter part of
1943 by a shortage of scanners, waveguides, and connectors, and the installation
of H2S Mark III by difficulties in obtaining an adequate supply of suitable
magnetrons Type CV. 108, which were hand-made, primarily to meet Fleet

^ See Royal Air Force Signals History, Volume VI;  ' Radio in Maritime Warfare

’ A,H.B./ID/4/l75A and A.H.B,/IIE/248/2/1.
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Air Arm requirements.* About one-third of the total production were rejected
because they were far below standard, and probably no more than 50 per cent
of those accepted were suitable for use in H2S because their power output was
too low to permit required ranges to be obtained, although they were more or
less satisfacto^ for A.S.V. Mark XL® The supply position of magnetrons
Type CV. 108 improved in January 1944, when magnetrons Type CV. 208
introduced. Although the latter had a better performance and a longer working
life, they were by no means satisfactory. Since the design of H2S Mark III
involved employment of the British types of magnetron, it was decided not>
make arrangements for quantity production of the equipments, but to rely
crash programmes until H2S Mark IV was available for Service use, and the
original crash programme had been increased from 200 to 300 in November
1943.® By 12 February 1944 35 Lancasters had been fitted with H2S Mark HI
by the Special In-stallation Unit at Defford. The plan to begin an instalhation
programme at No. 32 Maintenance Unit could not be put into effect until the
first week of February, and then, once the usual difficulties associated with a new
project had been cleared, a shortage of scanners held up output.*
The design, development, and production of scanners for airborne centimetric

radar operating on a wavelength of 3 centimetres and below was a major problem,
the crux of which was the manufacture in quantity of complicated and finely-
adjusted mechanism and the delicate limits of tolerance of the reflectors which
did not lend themselves to mass production methods. The real nature of the
problem only came to light as improvements in scanner design were attempted,
and with the use of shorter wavelengths, which made more evident the effects
of slight distortion. Even when reflectors were manufactured exactly to the
required dimensions, the type of material used generally caused the dimensions
to alter within a short period of time so that H2S performance was adversely
affected. The provision of new materials and methods to overcome the difficulty
was treated as a matter of urgency. Ultimately, as more experience was gained,
it became possible to design scanning systems which not only fulfilled the
technical requirement but were also a practical proposition when production in
quantity by industrial methods was planned, and at the beginning of 1945 the
firm of Rose Brothers. Gainsborough, successfully employed die-casting for the
manufacture of reflectors. A major requirement for H2S scanning systems

increase in the degree of definition required at various heights. The scanner
used for H2S Mark III was a modification of that used for H2S Mark IIC, and
was designed to obtain maximum range at one operating height, 20,000 feet.
It was necessary, however, for the scanning system to be sufficiently flexible in
performance to allow reasonable ranges to be obtained down to 10,000 feet.
Such flexibility had been comparatively easy to achieve with equipment working
on a wavelength of 10 centimetres, but lower wavelengths involved an additional
complication in the design of the scanner reflector, or the incorporation of
adjustable tilt control. Experimental versions of the latter, designed during the
development of H2S Mark III, were introduced in the design of H2S Mark IV.
In March 1944 the policy for installation of H2S in aircraft of Bomber

Command was that all heavy bomber aircraft were to be equipped with
* A.H.B./riE/248/2/], Fitting progress of H2S aircraft.
* A.M. File C.28978/46.
’ A-M. File C.28978/46. Increased to 500 in February 1944.
* A.H.B./IIE/248/2/t. Fitting progress of H2S aircraft-
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3-centimetre installations, but its implementation was dependent on delivery
from the U.S.A. of g5n'os and magnetrons 7)^6 725A. They were required not
only for H2S Mark IV but also for two variants of H2S Mark III, in which the
American magnetrons were to replace the British. Tentative plans were made
for the quantity production of H2S Mark IV, which was to be the main
3-centimetre installation in the command, but it was not expected to begin
until early in 1945. The crash programme for H2S Mark 111 was therefore

extended to provide an output of 35 sets of H2S Mark IIIA per month until
31 December 1945.^

The development of H2S Mark III known as H2S Mark IIIA incorporated
roll stabilisation, scan distortion correction, and automatic setting of the drift
line as used in H2S Mark IV, The operation of the equipment for bomb-aiming
was the same as with previous installations except that the drift line appeared
automatically on the P.P.I. instead of being set by the bomb-aimer on the

azimuth scale, thus allowing the release point to be.more accurately determined.
This modification was an important one. With H2S Marks IIB and III the
bomb-aimer calculated the drift and estimated the amount by which he had to
' aim off' to hit the target, in addition to calculating the ground speed. Statistics
had shown that bombs were dropped, on an average, about half-a-mile downwind
because of a somewhat natural disinclination to ' aim off In October 1943,

however, the successful development and production of roll-stabilised scanners
appeared to be a matter which would tequire some months to complete, and it
was decided to add the scan distortion correction modification to H2S Mark III

as soon as possible and call the resultant equipment H2S Mark llIB. On

5 November 1943 Headquarters Bomber Command requested that priority should
be given to the incorporation of the Indicator Unit Type 184 for scan distortion
correction in H2S Mark I IIB before it was introduced in H2S Mark I ID for

aircraft of the main force.*

Review of Operational Use of H2S Marks II and m, 1943/1944

By the end of the 1943/44 winter bombing offensive, during which 93 per
cent of Bomber Command sorties had used H2S for navigation and target
marking, a great deal of research, development, and industrial manufacturing
effort and resources had been expended in producing the best possible forms of
H2S in large quantities. It had been necessary to make considerable sacrifice
in other directions, particularly in the provision of A.S.V, for maritime aircraft.

It was therefore important to ensure that the very best use was being made of
H2S and the greatest possible value extracted from it. For some time there
had been a growing feeling at the Air Ministry and at the T.R.E. that in spite
of the wider introduction of H2S Mark III, and the greater number of aircraft
of the main force equipped with H2S Mark IIB. proportionately better results
were not obtained on bombing attacks. The Battle of Berlin had cost consider

able casualties, and although large areas of the city had been devastated and
many valuable targets had been hit, the concentration achieved was thought
to be relatively ineffective. The introduction of H2S' Mark IIIA to the P.F.F.
and H2S Mark IIC to the main force was imminent, and it was thought that a
caneful analysis should be made of the manner in which H2S had been employed
so that there would be no doubt that the new and improved installations would

‘ A.M. File C.28978/46. * A.H.B./IIE/6/60.
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be utilised by both the Pathfinder Force and the main force in such a manner
that the fullest possible advantages were obtained in future bombing operations.
The Air Staff thought that the subject was one of outstanding importance and
of far-reaching repercussions, since it challenged the tactical employment,
organisation and the aircraft equipment policy of the whole of the bomber force.*

Until early in 1944 the Pathfinder force had been employed not only for
marking the aiming point over the target area but also for dropping route
markers for the main force to follow on the way to the target area. From
December 1943 until March 1944 there was a distinct rise in the loss rate of
bombers, because fighters were no longer encountered only at the target area,
but during the flight to it. The enemy had greatly improved his system of
controlling night fighters and controllers were directing them to the bomber
stream. There they used the route markers as a guide, tactics which had been
expected by Headquarters Bomber Command. .\s more and more squadrons of
the main force were equipped with H2S. the use of route-markers was abandoned,
and the main force relied on H2S for navigation to the tau-get. For targets
beyond Oboe range the Pathfinder Force had found that the ' Newhaven'
method was the most effective for marking the aiming point,
dropped over the target by aircraft equipped with H2S, and the aiming point
was then ntarked visually, in the light of the flares, with coloured indicators.
' Backers-up ’ then kept the aiming point marked as accurately as possible
whilst the main force bombed.

Flares were

Scientists of the T.R.E., who had been requested to place emphasis on the
blind bombing aspect of H2S during further development, felt that there
a need to investigate, during actual operations, as had previously been done in
November 1943, the possibility of better results being obtained if H2S was used
by the main force for the purpose for which it was originally intended, blind
bombing, rather than for blind marking by the P.F.F. and only for navigation
by the main force. If, on the other hand, it was necessary to continue using
the pathfinder technique, then, they contended, better results might be obtained
by employing few aircraft using only H2S Mark III or IIIA, rather than by
using aircraft of several squadrons using H2S Mark IIB and H2S Mark III
together, since the value of the greater definition obtained with the latter _
probably being wasted. Also, if the main force was not to use H2S for blind
bombing, then the large-scale production of H2S involved by the policy of
equipping every bomber aircraft should be reviewed ; the resources freed by a
reversal of the policy might be better employed in devising and producing
improved equipments to be used solely by blind marking aircraft of the Path
finder Force.*®

The Air Staff considered that the problem could be summarised as a search
for answers to two questions;—

{a) What was the ideal method of marking and subsequently bombing
a target with the aid of H2S when the ground was visible ?

(b) What was the ideal method of marking and subsequently bombing a
target with H2S when the ground was obscured by ten-tenths’
cloud ?

was

was

* A.M. File C.28978/46. ~~

bombers in-usc, about 740 were equipped with H2?.
(A.H.B./lIH/241/10/3e(C). Bomber Command File—H2S fitting—PoUcy!)
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Many factors other than technical performance of an equipment had a direct
bearing on the answers, including morale of the aircrews, the extent of their
experience with the H2S technique, the effect of the casualty rate on that
experience, and the availability of H2S training facilities. The Air Staff,
considering the first question, were of the opinion that experience had shown
quite conclusively that visual bombing on a precise aiming point, either a
marker or a ground feature, was the most accurate form of bombing outside
Oboe range. The need was, therefore, to work out the best method of finding
an aiming point and keeping it marked throughout an attack, and it was
suggested that about 30 specially selected crews, highly trained in the use of

H2S Mark III, would be adequate for marking as accurately as possible and
for maintaining that accuracy throughout an attack. The Air Staff found it
more difficult to decide which was the better answer to the second question ;
the whole force bombing blind, or selected crews dropping sky markers on
which the main force bombed. If a high standard of H2S training could be
achieved throughout the whole conamand it would be better to use H2S for
blind bombing. On the other hand, if the standard was low. it would be

better for the main force to bomb on sky markers dropped by the Pathfinder
Force. The main conclusion reached by the Air Staff was that the employment
in the Pathfinder Force of a small number of really expert crews in aircraft
equipped with H2S Mark III would enable the bomber force to achieve better

results than it was getting. The low standard of efficiency with wiuch H2S
was generally operated was thought to be mainly due to lack of sufficient

training faciUties caused by the shortage of ground training equipment and
qualified instructors, and to the high casualty rate which reduced very noticeably
the overall experience in the Pathfinder Force. A decrease in the casualty
rate would enormously increase the general efficiency of H2S operations, A
casualty rate of 5 per cent, and in the Battle of Berlin it had been 6'4 per cent,
meant that the average crew completed only about 20 sorties. The casualty
rate of Mosquito aircraft over the first three months of the year was 0'31 per
cent, which meant that only one crew in seven would not complete a tour of
45 sorties. The Air Staff considered in consequence that if the Patlifinder
Force could be composed entirely of Mosquito squadrons the efficiency and
experience of the crews employed on target marking would be extremely high,
and the disappearance from the force of Halifaxes and Lancasters would mean
a decrease in the complications of training, armament, and servicing. However,
the standard Mosquito was not equipped with navigation devices such as the

air position indicator and the D.R. compass, and it remained to be seen whether
it could be fitted with the most effective version of H2S. The layout of other
equipments would have to be built around the H2S installation, and ever>'
possible ancillary equipment deleted or relegated to a position of secondary
importance.*

By February 1944 the Pathfinder Force included five Mosquito squadrons.
Those aircraft which were not equipped with Oboe were used on spoof raids,
for decoy route-marking, and for harassing or ' nuisance ' raids when visibility
was good and in moonlight periods.* Their provision with navigation and blind
bombing equipment which was not limited in range by the use of ground
stations was considered by Headquarters Bomber Command to be important

‘ A.M, FileCS.21410.» A.M. File C.28978/46.
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in order that the operational employment ot the Mosquito squadrons in those
roles might be made more effective and less dependent on weather conditions.
Gee-H had been tried but was only partially satisfactory because of its range
bmitations, which made it ineffective beyond the Ruhr area. By December
1943 a trial installation of H2S Mark JI had been completed, incorporating a
scanner system specially modified by the T.R.E. On flight tests the results
obtained below 15,000 feet were poor, large gaps in coverage occurring, but
from 20,000 to 25,000 feet the maximum range was 25 miles with a minimum
effective range of 4 miles.^ Discrimination of detail was good but coverage
was restricted to forward-looking only, the field of radiation being limited to a
sector of 200 degrees ahead of the aircraft. That was considered to be
sufficient for the purposes of blind bombing and of great value for navigation.
The internal layout of equipment was re-arranged to accommodate a Gee
installation, which created difficulty with the aircraft power supply because
the alternator and voltage control panel were common to both installations.
The difficulty was eventually cleared, and in December 1943 Headquarters
Bomber Command raised an opierational requirement for 12 aircraft of No, 139
Squadron to be equipped with H2S Mark II retrospectively by Pathfinder
Force personnel, and for three aircraft per month to be equipped against
wastage.* The requirement was officially approved on 2 January 1944 and
difficulty was anticipated except with the provision of scanners and connectors.
The T.R.E, undertook production of special connectors and suitably modified
scanners for the first four installations. A Mosquito equipped with H2S
Mark IJ was first flown on operations on 12/13 January 1944, when it
included in the forre which attacked Bremen : it operated at 23,000 feet and
the crew reported that the eqxiipment had a satisfactory performance with a
degree of definition superior to that usually obtained with H2S Mark II.* By
the middle of February three installations had been completed and a fourth
in hand; further progress was dependent on the provision of scanners Type 76,
which were especially designed for mounting in front of the bomb-aimer’s
compartment, scanning through the perspex aircraft nose. The indicator,
switch, heading control and modulator units were positioned so that the
navigator had easy access to adjustable control, whilst the remainder of the
units were mounted in the rear of the fuselage. Because of the high altitude
at which Mosquito aircraft operated, up to 30,000 feet, a considerable number
of insulation breakdowns occurred and modifications were frequently required.
By the end of March 1944 six Mosquito aircraft of the Pathfinder Force were
equipped with H2S Mark II.*

On 22 April 1944 a meeting, known by the T.R.E. as ‘ The March on London,'
was held in the Air Council room to '. . , provide an opportunity for those
responsible for the design and development of H2S and those responsible for
its operational employment to discuss freely and frankly the methods by which
it might most effectively be employed . . and was attended by senior
representatives of the Air Staff, Headquarters Bomber Command, the T.R.E.
and the Ministry of Aircraft Production.* Headquarters Bomber Command

» Bomber Command File BC.S2724/13.
= A.M. FileCS. 21410,
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* A .H,B,/XlE/248/2/l, Fitting Progress of H2S aircraft.
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stated that with the existing equipment the best method of locating, marking
and subsequently bombing a target beyond Oboe range when the ground was
visible was without doubt by means of the Newhaven technique. It was agreed
that ideally the marking force should be a small one with selected crews using
only the latest equipment, but it was pointed out that such a force was likely
to suffer a high casualty rate and would consequently be difficult to maintain.
It was essential that the force should be fairly large so that a plentiful supply
of trained and experienced personnel would always be available to replace
casualties amongst those crews selected to carry out the initial marking stages
of an attack. There was also another factor, not mentioned at the meeting,
which influenced the requirement for a larger force. The increasingly effective
tactics employed by the enemy night defences made it necessary to avoid,
whenever possible, sending a single force of heavy bombers to attack targets
deep in Germany. The diversionary attacks by Mosquito aircraft were having
little effect, and comparatively large forces were used for diversions, whilst
the main force was divided to attack more than one target, or to attack the
same target at different times. The question of how best to bomb a target
through ten-tenths cloud was divided into two ; bombing when cloud was low,
and when it was high. Headquarters Bomber Command felt that with existing
equipment the best method, when cloud was low, was the use of either ground
markers or low-bursting sky markers, dropped blind by selected crews using
3-centiinetre H2S. The centre of the pattern made by tlie markers then became

the aiming point for the main, force. There were considerable difficulties in

judging the centre, and they increased proportionately with the height of the
top of the clouds. The T.R.E. suggested tlxat the enemy technique of defence
would inevitably improve, and it was conceivable that Bomber Command
would be forced to abandon altogether the use of markers and be compelled
to restrict bombing operations solely to times when the weather was bad. It
was therefore important that the whole bomber force should be capable of
bombing blind with H2S. Headquarters Bomber Command was well aware
that the system of bombing on markers was not ideal, and was conscious that

it complicated the organisation and tactics of raids, but thought that with the
equipment available it was the most effective method. The T.R.E. was not
satisfied that H2S Mark III had been used to the best advantage in the Baftle
of Berlin. In the early stages the comparatively few aircraft fitted with the

equipment had been given a special role, but later, when it became available
in more aircraft, this had not been done. The representatives of the T.R.E.

were of the opinion that the aircraft should be concentrated in. one or two

special squadrons and should be regarded as the spearhead of the Pathfinder
Force with a highly specialised role, from which they should in no circumstances
be diverted. Headquarters Bomber Command stated that, so far as was possible,
H2S Mark III was provided for only the very best crews in pathfinder squadrons,
and they were employed in the van of the attack. .-Ul other marking aircraft
were regarded as ' backers-up The equipment had certainly been divided

among a number of squadrons, because of the undesirability of forming with
all the. best crews of pathfinder squadrons a corps d'Mie ’ within a corps
d’ilite, but it was agreed that the proposal should be further examined. In
answer to a statement that the main force crews were using H2S Mark II

equipment equally as efficiently as the crews of pathfinder squadrons,
suggesting that the training of the latter could be improved. Headquarters
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Bomber Command replied that the limitations of the H2S Mark II senes

precluded any great advance in proficiency after  a certain stage bad been
reached. major difficulty being experienced in the command was caused
by the fact that there were more aircraft equipped with H2S than there
trained crews to use them. The position was steadily growing worse as the
production of equipments was speeding up more rapidly than had been
anticipated. Hastening of the supply of training equipment was required.
The command had received 31 of the total requirement of 100 H2S ground
trainers. There had been some allocations to other than Bomber Command
notably to the United States Eighth Air Force, but in May. June and July
the command was to receive the full production of eight per month. A
rearrangement of production to provide H2S trainers at a faster rate could
be made, but only by reducing the delivery of A.5.V, trainers to squadrons
in Coastal Command ; priority was given to Bomber Command.

were

As a result of the meeting it was decided that:—

(a) All available Bomber Command aircraft equipped with H2S should
carry out a blind bombing attack against a suitable target at the
earliest opportunity when weather conditions permitted,
flares were to be used but only to ensure that crews bombed the right
target.

(b) Tne policy of equipping all aircraft of the main force with H2S Mark IIC
should be continued, but H2S Mark IIC was to be replaced by H2S
Mark III.\ as quickly as the equipment became available. H2S
considered to be indispensable for the main force, both for na^dgation
and as a warning device,

(c) Very great advantages might be found in the employment of Mosquito
aircraft equipped with H2S as pathfinders for target-marking. The
T.R.E. was therefore to examine the possibility of installing 3-centi
metre H2S with all-round scanning in Mosquito aircraft.

Marker

was

On 16 May 1944 Headquarters Bomber Command informed thê various
group headquarters in the command that an operational trial of H2S would be
made at an early opportunity. Certain conditions were necessary for the
operation, among them being that it should be carried out on a cloudle-ss night
and that all aircraft should photograph results of the bombing.^ No target
indicators or flares were to be dropped. The command was, liowever, heavily
engaged between April and September 1944. under the command of the Supreme
Allied Commander, in bombing targets directly related to the land war in
France, and the H2S operation was delayed. On 3 August 1944 the Deputy
Chief of the Air Staff requested that, since the increasing liours of darkness
permiUed deeper penetration into Germany, and if it were consistent with any
directions given by the Deputy Supreme Commander, the command should
consider carrying out the blind bombing trial. The Commander-in-Chief
Bomber Command decided that Berlin would be the target. This was changed
to Brunswick on the advice of his operations staff as they thought that Berlin
would most certainly be cloud covered and the required photographic verification
would not be possible, and in any event it would be difficult to assess damage
caused by an attack on an already heavily damaged city such as Berlin.
' Bomber Command O.R.B. Appendlc^ Volume 4. August 1944.
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The raid was made on the night of 12/13 August 1944. The force was composed
of 373 Lancasters and Halifaxes equipped with H2S, Bombsights were made
inoperative and no markers or flares of any sort were dropped. Crews were
briefed that if H2S became unserviceable they were to bomb by the best means
possible. Routeing was arranged to give all aircraft the same run in to the
target from a point about 50 miles W.S.W, of the target, and the attack was
timed in three waves to last just under 15 minutes. Of the aircraft despatched
.317 claimed to have attacked the target; seven were equipped with H2S Mark
III and the remainder with H2S Marks IIA or IIB. The seven H2S Mark 111

aircraft and 234 others reported that they had bombed blind, 18 had used H2S
with visual checks, and 58 had bombed visually. 48 because H2S was unservice
able. The target area was covered with ten-tenths cloud, so that it was not
possible to observe results visually, and only six photographs showed ground
detail. From what evidence could be collected over the next few days it was
estimated that about 50 aircraft dropped bombs within 3 mUes of the aiming
point, and about 50 in the area of the Hermann Goering Works at nearby
Hallendorf. The H2S responses from that area were almost as equally bright
as those from Brunswick itself and that fact may not have been sufficiently
well known to all the crews taking part. It was not possible to determine exactly
whether the comparative failure of the attack was due primarily to the inaccuracy
of blind bombing or to a failure to identify the correct target. The evidence
indicated, however, that the latter factor had a considerable influence on the

results, which were considerably below those normally obtained by main force
crews during training. This was no doubt partly because little or no blind
bombing training had been possible for some time owing to intensive operations,
many of the crews had little or no experience of attacks against German targets,
the Erection of approach to the target was not the best from an H2S aspect
but was necessitate by a high wind, and nearly 25 per cent of the crews who
claimed to have attacked bombed on the glow of fires seen on the doud although
the percentage of unserviceable equipment was only 15 per cent for the whole
force; the other 10 per cent presumably had little faith in the equipment.‘
Headquarters Bomber Command considered the results as confirmation of the
view that interpretation of H2S Mark IIA and IIB was not sufficiently easy for
average bomb-aimers to bomb blind with any degree of accuracy; its great
value lay in its use as a navigation system. The main factor determining the
success of an attack was weather, and when that was bad, radar was essential.
It was important that all bomber aircraft should be equipped with H2S of
sufficient accuracy and ease of interpretation to make blind hwmbing a practical
proposition, and the Commander-in-Chief, Bomber Command, emphasised the
need for accelerating the provision of H2S Marks IIC and II lA for the main
force whilst the highest priority was given to the production of H2S Mark IV.
The Air Ministry was of the opinion that the lack of success with the operation
could be attributed in part to the fact that it was not carried out in accordance

with the plan agreed on 22 April 1944 when it was stated that ' . . . marker
flares were to be used but only to ensure that crews bombed the right target... ’
It was considered that further operations should be arranged in order that the
possibilities of blind bombing might be more accurately assessed and essential
experience gained.® However, in September 1944, the German forces were
driven out of France, the enemy lost the benefit of much of his early warning

' A.M. Flic C.28978/46. »A.M. File C.28978/46,
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system, and his air defences rapidly deteriorated. The Allies were able to set
up ground stations on the Continent and the range of Gee, Oboe and Gee-H
was greatly extended. Targets requiring precision bombing were attacked, in
daylight and at night, by Bomber Command. H2S marking was used for long-
range objectives, but the long nights were not used mainly for deep penetration
into Germany as in the previous winter, H2S Mark III proved to be quite
effective against the smaller targets when used by experienced pathfinder crews,
but the need for greater accuracy was increased, and the requirement for the
main force to use H2S for blind bombing receded into the background. No
more trial operations were undertaken.

Installation Programme for Mosquito Aircraft, 1944/1945
In April 1944 it had been agreed that, because the low casualty rate of

Mosquito operations resulted in crews achieving a much higher level of experience
and training than was the case with heavy bomber crews. Mosquito aircraft
were to be more generally used in the Pathfinder Force for target marking,
especially since a considerable increase in their production was expected in the
near future. It seemed that H2S Mark III could be.fitted without undue
difficulty if the limited H2S coverage afforded by the existing H2S Mark II
installation would still be acceptable with the new equipment, and the T.R.E.
was already making an experimental installation with a scanning system similar
to that used with H2S Mark II, In May 1944 the Air Officer Commanding No. 8
Group stated that all-round looking and roll stabilisation were not required,
but scan distortion correction was desirable. The existing H2S coverage, about
140 degrees forward of the aircraft, was acceptable, and a nose scanner would
therefore be considered satisfactory. The bomb-aimer’s position would not be
used and equipment could be located in that compartment.^ The Air Staff,
however, considered all-round looking to be a requirement, and the T.R.E. agreed
to begin development of a trial installation with  a ventral scanning system,
and anticipated that it could be completed before August 1944.

On 11 Jime 1944 Headquarters Bomber Command stated an operational
requirement for Mosquito aircraft of the Pathfinder Force to be equipped with
H2S in three stages. The first entailed completing the installation of H2S
Mark II in aU aircraft of No. 139 Squadron, When that had been done,
conversion of the squadron to, and installation in a second squadron of, H2S
Mark III with nose scanning, was to be started. On completion of that
programme, both squadrons were to be changed to H2S Mark III with ventral
scanning and all-round looking. The T.R.E. was overburdened with develop
ment projects and it was suggested that Headquarters No. 8 Group could
undertake the introduction of the installation with nose scanning in a limited
number of aircraft if the requisite components, including scanners and scanner
mountings, could be made available to No. 8 Group Mosquito Servicing Unit.
It was considered that before the end of the year there would probably be a
need to equip more Mosquito squadrons with H2S Mark III and the position
was therefore to be reviewed in four to six months' time. No. 139 Squadron
had, between 6 and 13 June, carried out very accurate H2S marking for small
but effective Mosquito bomber forces, including three attacks against Berlin,
and their operations were not restricted by the hours of darkness or weather
1 A.H.B./II/69/215B. H2S (Archives). ~ ~ ~
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conditions which might limit the operations oi heavy bombers. It was realised
that an H2S Mark III installation programme for Mosquito aircraft would

necessarily mean the diversion of equipment from the heavy bomber
programme, but 94 Lancasters had aireaxiy been equipped, and the diversion
was acceptable.*

Trial installations of H2S IIIB, the original equipment with scan distortion
correction incorporated, one with nose, and one witli ventral scanning,
were officially requested in June 1944, when the former was given the higher
priority. On 11 July 1944, however, the priorities were reverse, and the
development of a ventral scanning installation was regarded as an urgent
requirement. Both installations were to be made in a manner suitable for

fitting to be carried out eventually on the aircraft production lines.* An
experimental nose installation had been made by the P.F.F. and two more
aircraft were to be completed, and provisional Service trials were to be made

with them, while the T.R.E. continued development of a system suitable for
incorporation by the aircraft makers. The Type 76 scanner, being used for
the H2S Mark II and the first H2S Mark III nose installations, was in short

supply, and the design of a Type 89 scanner for the ventral position was given
highest priority. Only 36 scanners Type 76 had been ordered for the initial

H2S Mark 11 installation programme and arrangements were made with the

R.P.U. to manufacture an additional 24. Although Headquarters Bomber

Command had stated a definite requirement for all-round looking, the
effectiveness of a scanning system in the ventral position was not known, and
the final requirements were therefore made dependent on comparative trials.
Meanwhile, duplication in provisioning was inevitable, and on 22 July 1944 it
was agreed that 160 scanners Type 88 lor the nc»e and 160 Type ̂  for the
ventrd positions should be ordered. Delivery of Type 88 scanners could not

be started before January 1945, and the reflectors incorporated in them posed
a difficult manufacturing problem. The resources of the makers. Nash and
Thompson, were badly strained, and the provision of additional Type 76
scanners would delay even more the provision of scanners Type 88.

Meanwhile a further complication had arisen. The U.S.A.A.F. had been

allocated Mosquito aircraft with which to arm a photographic reconnaissance
wing, and they asked the Air Member for Supply and Organisation if 12 of
the aircraft could be equipped with H2S Mark III, in order that a small force

able to take photographs of the P.P.I. display over selected targets might be
formed. The photographs were to be used to improve the briefing of crew's
engaged on daylight operations and to ensure quicker recognition of the targets
by formation leaders.® The request rtsceived the full support of the Air Staff
since it had been agreed that the R.A.F. would also use the information obtained.

Although the development of a suitable H2S Mark III installation
for R.A.F, Mosquito aircraft was being luidertaken by the T.R.E,, and it was
intended that the project for the U,S.A.A.F. should be the responsibility of
the Special Order workshop at the De Havilland factory, the requirements
were closely connected. In May 1944 it was agreed that six aircraft installa
tions would be made at the rate of two pier month but by the end of August
1944 only four had been delivered. The U.S.A.A.F. stated that the success

‘Bomber Command File BC.52724/13,« A.H.B,/II/69/215C.
•A.M FUeCS.21410,
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achieved in H2S operations was largely due to the work of the Mosquito
^'rcraft. During the design and experimental stages, work on the H2S
installations had interfered with the production of standard Mosquito aircraft
and the development of the Hornet, Vampire and Comet aircraft because the
firm's drawing offices and experimental shops were overloaded. However,
in September 1944, it was agreed that five additional aircraft would be
delivered as quickly as possible.

In August 1944 technical approval was given to the H2S Mark III nose
installation made in No. 8 Group. Flight trials had been carried o\it satis
factorily, and arrangements were made for draughtsmen of the T.R.E.
to prepare drawings. The installation had been made in a Mosquito XX,
production of which was to stop in December 1944 to make way for the
production of Mosquito XVI aircraft, with which the squadrons were to be
armed. The Mosquito XVI was intended for operations at high altitude,
and the aircraft were therefore being pressurised. However, the performance
of the H2S Mark III installation fell away progressively at heights above
20,000 feet, and it was suggested that fitting the equipment would decrease
the potential value of the aircraft. The T.R.E. would not take any responsibility
for the experimental installation made by No. 8 Group, and it was decided
that a final decision should be made when trials of a ventral installation had
been held. The prototype ventral installation in  a Mosquito XVI was
completed by the T.R.E. in August 1944, and after preliminary flight trials
at Defford, minor modifications were made and the aircraft was sent to No. 8
Group for further trials. In the meantime there was no option but to continue
with efforts to evolve a satisfactory nose installation since failure to do so might
jeopardise the supply of replacement Mosquito XVI aircraft when stocks of
Mosquito XX were exhausted. Little progress was being made with the
development for production of scanners Type 88 and Type 89, although the
T.R.E. had made a few models of the former for experimental purposes.'
Service trials of the ventral installation were conducted in November 1944,
Although the results were encouraging from a technical point of view,
operationally the installation was unsatisfactory. The cockpit layout needed
redesigning completely to facilitate operation by the navigator, in his cramped
position, of all instruments and controls, the D.R. compass was made unusable
by interference from the H2S transmitter and required repositioning, and the
location of the scanner precluded the fitting of  a vertical night camera, which
was an operational requirement.

By December 1944, Isio. 139 Squadron was still the only Mosquito squadron
equipped with H2S in Bomber Command. The strength of the night bombing
force of Mosquito aircraft was about to be increased to 10 squadrons, and it
was expected that the force would be called upon to attack up to four targets
each night. Such a programme would involve a heavy strain on the target-
marking resources of one squadron. On 10 December 1944, therefore. Head
quarters Bomber Command asked for a second squadron to be equipped with
H2S Mark II. However, the estimated time required for the provision of
additional scanners Type 76 was two months, and it was hoped that the
scanner Type 88 would be available before then ; the Air Ministry therefore
suggested that the second squadron should be equipped with the installations

‘ A.M. File C.16041/44.
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discarded as No. 1^9 Squadron was equipped with H2S Mark lil. On 31

December 1944 Headquarters Bomber Command proposed a new Mosquito
installation programme. No. 139 Squadron was to be equipped with H2S
Mark IIIB as soon as scanners could be made available. If it were not possible
to equip No. 162 Squadron similarly at the same time, then the H2S Mark II
installations previously used by No. 139 Squadron were to be fitted in aircraft

•  of No. 162 Squadron as a temporary measure. Nose installations were
required for both squadrons, and the requirement for an H2S Mark HI ventral
installation was cancelled. .“Vs soon as it became available H2S Mark IV was

to be installed in No. 139 Squadron, and then No. 162 Squadron, with scanners
in the ventral position, but the drawbacks of the H2S Mark III ventral installa
tion were to be eliminated. The contract for scanner Type 89 was cancelled
and Headquarters Bomber Command urged '. . . that all possible action be
taken to remedy the unsatisfactory state of affairs existing with H2S scanners,
the shortage of which is having an adverse effect" on the operational effort of
the command, and threatens to have serious repercussions on the entire H2S
programme . . .

•1

Installation Programme for Main Force Aircraft, 1944/1945
The preliminary Service trials of an H2S Mark IIC installation in a

Lancaster were conducted in March 1944 and the performance obtained was
a great improvement on that of H2S Mark I IB. However, its early introduction
into the Service was threatened with delays likely to be caused by a shortage
of power drive units and gyro controls, and the order of priority for incor
porating the main modifications was decided as the roll stabilised scanner

Type 63, the indicator unit Type 184, and then the roll stabilised scanner

platform.* The changeover to a roll stabilised scanner from a waveguide-fed
scanner could, if necessary, be made without the platform. .Arrangements
were made for production of the equipment for aircraft of the main force to
begin in .August 1944.® In order that H2S Mark IIC might be introduced on
the aircraft production lines in September a monthly output of 180 equipments
was required, the first 20 of which were to be delivered by I September 1944.
By July 1944 it became obvious that the introduction of H2S Mark IJC could

not be achieved as early as had been anticipated, and in that month fresh

plans were made for the provisioning of equipments to meet the operational
requirement for its installation in all aircrait of the main force, and the
subsequent conversion of H2S Mark IIIA. According to the information
available then, all manufacturers of heavy bomber aircraft expected to be
able to begin fitting H2S Mark IIC by January 1945, when the introduction
of H2S Mark IIIA would begin on the Lancaster IV assembly lines. Other
factories hoped to begin making the changeover by May 1945. The conversion
of H2S Mark IIC to H2S Mark IIIA had become closely linked with the policy
for introducing A.G.L.T, into Bomber Command.* Many difficulties were
encountered in the production of satisfactory scanning units and stabilised
platforms for H2S Mark IIC. and in October 1944 it was evident that the

‘ A.M, File C.16041/44, In January 1945. 53 of the order for 60 seannere Type 76 had
been delivered, and a contract for an additional 50 was placed, so that fitting of H2S Mark
might be continued.
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installation \vas not likely to be incorporated on all aircraft assembly lines
until March 1945. Meanwhile nearly all heavy bomber aircraft were being
delivered equipped with H2S Mark IIB, and the possibility of converting from
H2S IIB to H2S Mark IIIA without waiting for H2S Mark IIC was investigated.

After the meeting at the Air Ministry on 22 April 1944, Headquarters Bomber
Command, impressed with the superior performance of H2S Mark IIIA
compared with that of H2S Mark IIC, had requested that the changeover
might be made as soon as possible.* Arrangements were made for a main
production programme of H2S Mark III receiver and R.F. units to begin in
September 1944, and the urgency of the need for obtaining financial approval
and placing official contracts quickly was stressed. The acquirement of the
necessary items of electronic equipment was facilitated in May 1944 when
1,700 R.F. units became surplus to the stated Fleet Air Arm A.S.V. require
ments, and again in August 1944 when a further 900 R.F. units became available
from the same source. Scanners Type 63 were to be replaced by
Type 71, and the original contract for 3,600 of the former was to be allowed
to run out. During that process part of the scanner production
to be turned over to the manufacture of scanners Tjrpe 71, and it was estimated
that the resultant combined production would be over 800 per month. A
crash programme for 300 pre-production models of scanner Type 71
initiated, and, on the assumption that type approval would be readily obtained,
it was anticipated that main production would begin with 500 in December
1944. The provisioning plan was based on the existence of a requirement for
units peculiar to H2S Mark IIC until August 1945 and the availability of units
peculiar to H2S Mark IIIA from January 1945 onwards. A fitting programme
was to begin at No. 32 Maintenance Unit in January 1945 and to be continued
until the equipment could be incorporated on the various aircraft assembly
lines.*

scanners

resources was

was

However, the aircraft firms were unable to change their production line
arrangements as had been planned, and revision of the programmes for the
manufacture of aircraft made it necessary in January 1945 to review completely
the H2S requirements for the main force, and to adjust contracts accordingly.
The introduction of new Marks of H2S was governed by the ability of the makers
of aircraft to incorporate the requisite modifications. Contractors drawing
offices were being overloaded by the very large number of modifications
Lancaster and Lincoln aircraft which were being called for. Lancasters I II
and III were being produced and fitted with H2S Mark IIB by the firms of
A. V. Roe. Metropolitan Vickers. Armstrong Whitworth. Vickers Chester.

’  . A, V. Roe had begun fitting H2S Mark IIC, and the changeover

to

and Austin,

on the production lines was kheduled'to be completed by the middle of
February. It was expected that 330 aircraft could be completed by September
1945 when the firm was to finish making Lancasters I, II and III. Armstrong
Whitworth and Metropolitan Vickers could not effect a changeover until March
and Vickers Chester and Austin until April 1945, They would then have
deliver about lOO, 14, 160 and 170 aircraft respectively before production
ceased. The firms producing H2S equipment were therefore committed to
providing H2S Mark IIB for installation in aircraft until April 1945. and for
maintenance purposes for some months afterwards. Since, however, the

to

‘ A.M. FUe C.16458,
» A.M. File C.ie038/44.
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original production plans envisaged a changeover to H2S Mark IIC in the
autumn of 1944, it was not surprising that stocks of units peculiar to H2S
Mark IIB were almost exhausted.^ They were indicator Type 162, power
unit Type 280, control unit Type 218 and scanner Type 3. There were no

stocks of indicator Type 162 and current production covered only the require
ments of the A.S.V. programme. Indicator unit Type 184A, tuning unit
Type 207 and switch unit Type 207B were being produced for H2S Mark IIC
and could be used instead of indicator Type 162 if slight modifications were
made to aircraft. The power unit Type 280 was scheduled to be converted

to Type 280A for H2S Mark IIC, the modification consisting of taking out one
valve and a few components. Production of control unit Type 218 was ending,
and in H2S Mark IIC was superseded by Type 446 which could be used with
H2S Mark IIB if minor modifications to connectors were made. The existing
stock of scanners T3q)e 3 was about 870 which would meet requirements for
some time to come. Proposals had, however, been made to convert them to

Type 63 for use with H2S Mark IIC, and provided that in their new form they
were suitable for use with H2S Mark IIB, the position would be satisfactory.
It was therefore possible to convert H2S Mark IIB to H2S Mark IID, which
would have all the improvements planned for H2S Mark IIC except roll
stabilisation. Arrangements were made for the change from H2S Mark IIB
to IID to be carried out at No. 32 Maintenance Unit and by Bomber Command
units in the maximum possible number of aircraft.

It was assumed that if the requirement for a changeover from H2S Mark IIC

to H2S Mark IIIA on the Lancaster aircraft production lines were insisted

upon, it would not be met before September 1945. At that time only three
firms would be producing Lancasters ; A. V. Roe and Vickers Chester 10 each

in September, and Austin 15 in September and 6 in October; a total of
4i aircraft. It was therefore decided to cancel the requirement, and as an
insurance the manufacture of 500 H2S Mark IIC/IIIA conversion kits was

proposed, so that Lancaster aircraft could be converted retrospectively if the
need arose. The few Halifax aircraft still being made were mostly being
equipped with H2S Mark IIC but the numbers were rapidly dwindling. At
the best a production line change to Mark IIIA would not be effected before

April or May 1945, when only three firms would be making the aircraft, Rootes,
Fairey and English Electric. It was extremely doubtful if, in fact, the firms
could change over, and in any event the small number of aircraft made such a

course impracticable. It was therefore decided that should conversion from
H2S IIC to Mark IIIA be required in Halifax aircraft for operations in the Far
East the production of conversion kits similar to those for Lancaster aircraft
would be undertaken. Lincoln I and II aircraft were being delivered equipped
with H2S Mark IIC and instructions had been issued for H2S Mark IIIA to

be fitted on the production lines as soon as possible. A. V. Roe expected to
complete a trial installation during March 1945 and to turn over the whole of

their production line during July 1945, whilst Metropolitan Vickers, Armstrong
Whitworth and Austin anticipated producing Lincolns fitted wth H2S

Mark IIIA in September. Conversion kits were to be prepared for retro
spective modification of those aircraft delivered before September 1945.

There were two main difficulties connected with the production of H2S
Mark IIIA equipment. One was the receiver peculiar to that equipment. Its

* A.M. FUe C.16038/44.
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production was scheduled to begin in March 1945 to supersede the receiver
used in H2S Marks IIB, IIC and IID, and both receivers could not be produced
concurrently under existing arrangements. Since the Mark II series was to
be in use for several months it was essential that ways and means be found
of manufacturing both in quantity. The second difficulty was the type of
scanner to be used. As a result of a T.R.E. request being misunderstood, it
had been assumed that scanner Type 69 could be used for both H2S Mark IV
and H2S Mark IIIA, and plans had been made to abandon production of the
scanner Type 71 then being used for H2S Mark IIIA and to produce
Type 69 for all 3-centimetre H2S installations to be used in heavy aircraft of.
Bomber Command. At the beginning of 1945 it was-learnt that scanner

Type 69 was not easily interchan^able for H2S Marks IV and IIIA, its
with the latter equipment entailing certain changes. The major difference
between the two scanners was that Type 69 incorporated a mechanism whereby
tilt of the beam could be controlled over a wide range of angles of depression
from the navigator station, a very desirable feature. The reason for the
request by the T.R.E. that Type 69 should be used instead of Type 71 was to
enable that feature to be made available for H2S Mark IIIA. The T.R.E.
never intended that an assumption should be made that the Type 69 could be
immediately used instead of the Type 71 for H2S Mark IIIA, but that, as soon
as the state of production of Type 69 permitted, H2S Mark IIIA
incorporating variable tilt could be obtained by having the production line
of Type 69 divided at the final wiring stage for modifications to be introduced
into a proportion of the output. In that way the manufacturers would have,
in effect, only one production line of scanners for both II2S Mark IIIA and
H2S Mark IV, instead of two in parallel, and variable tilt would be included
in the fonner installation.! Urgent action was necessary, and contracts for
scanner Type 71 not already cancelled were kept in being.

The Commander-in-Chief. Bomber Command, agreed to modify retro
spectively to H2S Mark III) Lancaster aircraft equipped with Mark IIC at
units within the command if a supply of the necessary items of equipment
maintained at a suitable rate, but was certain that the programme would very
much overstrain manpower resources and that a serious decre.ase in the standard
of radar servicing would inevitably follow. The programme was to include
only Lancasters; Headquarters Bomber Command did not intend to modify
Halifax aircraft. Many difficulties, both technical and otherwise, were still
being encountered in the manufacture of the stabilising platforms and stabilised
scanners for H2S Mark IIC, and there was a distinct possibility that in the
spring aircraft modified by the contractors for H2S Mark IIC might be delivered
deficient ol one or of both those items. It was quite impracticable for
retrospective fitting to be undertaken within the command, and arrangements
were made for notifying Headquarters Bomber Command in advance of the
serial numbers of such aircraft so that they could be allotted to squadrons
which did not use H2S. In view of the requirements lor an improved version
of H2S in aircraft to be used for operations in the Far East, it was necessary
for retrospective conversion of Lancaster and Lincoln aircraft to H2S

scanners

use

scanners

was

1 A.M. File 0.16064/44.„ , , ^ , ^ner Type 69 was to be so designed that the sine potentio
meter for the rotating time-base unit, with its mounting casting, could be replaced by a
maphp mounted as on scanner Type 71, and a plug which took an eighteen-way cable
replaced by five plugs required for H2S Mark IIIA. 
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Mark IIIA to be undertaken, and Headquarters Bomber Command estimated

that a total of 1,000 modification kits would be required initially with an
additional quantity for wastage. It was emphasised that if H2S Mark IV
could not be expected before the autumn of 1945 then the modification kits

would have to contain items which would permit conversion up to H2S
Mark IIIF,' The Commander-in-Cluef urgently requested that every
opportunity would be taken to avoid using Bomber Command resources for
the entire retrospective fitting programme, and that arrangements would be
made for substantial assistance to be afforded by maintenance units or special
fitting parties. Whilst all possible assistance would be willingly given, the
role of the command was an operational one, and it was considered most

unsatisfactory that it should be put in the position of having to undertake the
work of manufacturers and maintenance units in order to make available in

its aircraft equipment which was known to be essential to the efficient
performance of its operational role.

In March 1945 the Air Ministry informed Headquarters Bomber Command

that production of H2S Mark IV would not begin at the Gramophone Company
until April or May 1946, and as R,P.U. production would be inadequate to
meet the requirements of aircraft production line fitting, it was clear that such

fitting could not begin until after the spring of 1946. The provisioning of
H2S Mark IIC/IIIA and IIC/IID conversion kits for Lincolns and Lancasters
had been initiated, and every effort was to be made to relieve Bomber Command

of as much as possible of the retrospective fitting task.

Thus, during the final winter bombing offensive of the war, in spite of the
very great amount accomplished in research, development, and production,
aircraft of the main force of Bomber Command operated with H2S installations
on which experimental development had been completed by the summer of
1943 and which embodied principles of design formulated in 1942. It was
estimated that during that winter the probable average error obtained by the
Pathfinder Force with H2S Mark IIIA was 1*27 miles and by the main force
with H2S Mark IIB, 2*22 miles.® Analysis of available plots indicated that
there had been a progressive slight decline in the accuracy of H2S Mark IIB,
which might have been caused by an increasing concentration on pathfinder
tactics. Such concentration caused the various groups of Bomber Command
to devote what little time was available for H2S training to the navigational
rather than blind bombing application of H2S. Whilst a higher standard of
training than was obtainable in wartime might have been reflected in a higher
standard of accuracy, it was considered that substantial improvement could
only have been achieved with the introduction into operational use of the new
and better Marks of H2S which were being develop^.

2

J H2S Mark IllC was H2S Mark IIIA with 6-loot scanner.

H2S Mark IIID was H2S Mark IIIA with improved T.R. unit.

H2S Mark HIE was H2S Mark HID modified to obtain improved definiUon and in
corporating indicator Type 216 using a magnetic C.R.T.

H2S Mark HIF was H2S Mark IIIE but using unstabilised 6-foot scanner.

H2S Mark IHO was H2S Mark IIIB with improved T.R, unit and extended time-base.

H2S Mark IIIH v»as H2S Mark IIIB with improved T.R. unit and indicator Type 216.
Fishpond and scan distortion correction were not incorporated.

* A.M. FUe C.16038/44. » A.H.B./n/69/215D.
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Improvements Incorporated in H2S Mark 111

By the first week of August 1944 about 135 Lancasters of the Pathfinder
Force had been equipped with H2S Mark III, of which 80 had been lost.i
In No. 35 Squadron five Lancasters were fitted with H2S Mark IIIA, and
13 operational sorties had been made with those aircraft. As a result of the
experience gained Headquarters Bomber Command on 11 August reported
on the performance of, and technical difficulties encountered with, H2S
Mark IIIA.* On the 10-mile scan the P.P.I. display contained defects similar
to those characteristic of H2S Mark III. In particular, an annular gap
occurred between the. ranges of 6 and 8 miles. Contrast between built-up
areas and open country was comparatively poor, and interpretation of signals
at, or near, the centre of the P.P.I. was very difficult because of excessive
ground returns in the centre of the display and the breaking up of signals at
close range. It was emphasised that responses of clear and equal intensity
at both distant and close ranges were essential and their achievement
important requirement. The faults of the H2S Mark IIIA display
considered to be due to inferior scanning, and it was felt that every effort
should be made to improve and standardise production models of
Incorrect gearing had been used in the first four scanner Type 71 installations
to be delivered to the squadron with the result that the heading marker
invariably became decentralised with the orientation of the P.P.I, display
after a major alteration of aircraft heading. The scanner motor supplied with
the scanner Type 71 had insufficient initial starting torque. In order to start
the scanner rotating it was necessary to set the scanner speed control to
maximum before switching on the scanner, ajid sometimes to rotate it initially
by hand. Other faults were also reported, most of which had been present in
the prototype installation that had been given Service trials by the B.D.U,
a few weeks previously. The introduction of H2S Marks III and IIIA into
operational use with the Pathfinder Force had, however, been hastened
througl) on a crash programme basis. It was the policy of the Air Ministry
with all crash programmes to insist on the production'of equipment at the
fastest possible speed and to avoid the incorporation of modifications which
were likely to reduce output except when they were essential to permit
operational use of the equipment. The output of H2S Mark III and IIIA
from the limited crash production facilities of the R.P.U. was barely sufficient
to maintain requirements for aircraft wastage, and had already proved to be
inadequate to re-equip all squadrons of the Pathfinder Force as had been
requested by Headquarters Bomber Command. It was therefore essential
that removal of the shortcomings was not allowed to affect production in any
way, unlep a reduction in the rate of flow to the command of H2S Mark III
and IIIA installations was acceptable.* It was fully appreciated that the P.P.L
display required considerable improvement and that the fundamental cause of
the defects was inefficiency of the scanners. Immediate action was taken to
endeavour to ensure that reliable scanners, fully meeting the design specifica
tions, were made available with the minimum of delay compatible with main
tained output rates. Such action, it was hoped, would lead to the production
in quantity of scanner Type 69. The cause of the de-synchronisation of the

was an

were

scanners.

• A.H.B./llE/248/2/l. Fitting Progress of H2S aircrait.
* A.M, File C.16064/44.
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heading marker was traced to a manuiacturing error, whilst the low-power
motors had only been used because a higher-powered version was not imme

diately available.

As the use of H2S Mark III became more widespread, the question of training
procedure as compared with that employed for H2S Mark II arose. Funda

mentally the training problem was identical for both installations, but
H2S Mark III contained characteristics which required special consideration.
Because of the shorter wavelength and consequent narrowing of the scanner

beam width, small areas of landlocked water previously undetectable on the

display became visible, and built-up areas gave much clearer responses.
Evidence obtained from assessment of bombing results during the winter of
1943/1944 indicated that greater accuracy rekdted from the use of H2S
Mark III against Berlin than against any other target. This was considered
to be due to the fact that lakes and airfields within the Berlin area provided
recognisable H2S landmarks wliich were used as reference points, and it was
believed that development of a reference point bomb-aiming technique would
lead to a further increase in accuracy. The training programme for H2S
Mark III therefore paid special attention to the use of small lakes as check

points both for navigation fi.\es and aiming points, and the technique of aiming
bombs directly at built-up areas was practised,^ Experience had shown that

the quality of track-keeping was directly proportion^ to the frequency with
which fixes were obtained, and the taking of a fi x at least once every 5 minutes
was recommended. Navigators were instructed to check carefully with D.R,
navigation so that errors caused by a confusion of responses were avoided.
The efficient use of H2S as a blind bombing system required considerably more
practice than could be obtained on cross-country navigation exercises, and
special flights against towns in the United Kingdom judged to be suitable
targets were undertaken. Infra-red targets were located in many of the towns
so that photographic evidence might be available. It was of the utmost

importance that the accuracy achieved in blind bombing training was kept
continually under review, and . all photographic assessments of trial bombing
runs were analysed by the Operational Research Section. Photographs of the
P.P.I. display! known as " Y ’ photographs, became of increasing importance.
Those taken at the instant of release permitted a fairly accurate assessment

of the point of impact when no other means of obtaining the information
existed, they provided valuable intelligence about the nature of the response
pattern to be expected from various target areas in enemy territory, and they
provided information about prominent and reliable landmarks. It was

essential therefore that practice was obtained in the technique of P.P.I.
photography. The elementary manipulation training was quite effectively
carried out with a ground synthetic trainer, although a set of bench equipment
was a better medium for practice in tuning.

In December 1944, when about 140 aircraft were equipped with H2S

Mark III, there was a serious shortage of scanners Type 6,5. Although H2S
Mark III was being replaced by H2S Mark IIIA, the rate of change was very
slow because of the shortage of scanners Type 71, and it was evident that
Mark III would remain in operational use for some months. In view of the

introduction of H2S Mark III.^, however, production of scanners Type 65 had
been stopped, and Headquarters Bomber Command suggested three choices

» A.H.B./n/69/215C.
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requirement was raised for provision on a crash programme basis of 100 H2S
Mark IIIE or IlIF installations, both of which had a considerably improved
performance. The main requirement was for H2S Mark IIIF to be fitted in
two squadrons, but H2S Mark IIIE was to be used until scanners were available
for IIIF, when arrangements would be made for conversion. H2S Mark IIIA
was modified to become IIIE by modification of the receiver and switch units,
introduction of a new type of waveform generator, and by substituting indicator
Type 216 for indicator Type 184.* As new methods of making possible a higher
degree of definition were evolved, so it became necessary to ensure that the
advantages were not impaired by the system of presentation used. Scan
distortion correction had to some extent been achieved by the indicator Type
184, but its design had been affected by the limitations of other components

use at the time. With indicator Type 216, in which a magnetic tube was
used, the scale of the display was kept constant at all operating heights, and
bomb-aiming accuracy was improved. H2S Mark IIIE was converted to IIIF
by substituting scanner Type 97 for scanner Type 71. The effectiveness of H2S
for blind bomb-aiming depended to a large extent on the degree of definition
obtained, and a high degree of definition was achieved by narrowing the beam
width. That result had been brought about in H2S Mark III by reducing the
wavelength of H2S from 10 to 3 centimetres However, the width of the beam
was not only directly proportional to the wavelength, but also inversely
proportional to the width of the horizontal aperture of the aerial system,

in the width of the aperture involved the use of  a large scanner, a
difficult proposition because of its adverse effect on aircraft drag. The
Type 97 was a six-foot scanner on which the T.R.E. had been working since
February 1944. With H2S Mark IIIF, not only was a more accurate picture
obtained over the target, but long ranges for the purposes of navigation
made possible.

in

An
increase

were

In January 1945 the operational requirement was increased to 150 H2S
Mark HIE and 100 Mark IIIF installations for the Pathfinder Force. By
the middle of March, when 112 Lancasters had been equipped with H2S
Mark IIIA, 31 of which had been retrospectively converted from H2S Mark IIC,
provision of the necessary components for H2S Mark IIIE.,except the
form generator Type 52, was proceeding satisfactorOy. Contract action for
the generator had been initiated, but it had not been possible to give type
approval, and no H2S Mark IIIE trial installation had been made. However,
it was anticipated that, once the design of the generator had been cleared, it
would be possible to provide two complete HIE installations every four
days. Difficulties were being experienced with the development of a perspex
nacelle. The T.R.E. had constructed a framework and were awaiting a
scanner in order that tests might be made ; until they were completed it could
not be decided definitely whether a new nacelle would be required. The
design of the scanner Type 97 had been completed, and it was hoped that the
first model would be ready by the end of the month. Further development
work was required in order to make possible quantity production and arrange
ments were made to facilitate that production by reducing the existing orders
for scanner Type 69 by 1,000 and to place instead orders for 1,000 scanners
Type 97. Delivery of the first H2S Mark HIE installations from the T.R.E.,
where they were being manufactured with the assistance of Bomber Command

wave-

> A.M. FiTe C.164S8.
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fair blind bombing, and indifferent tail warning facilities, but separate equip
ments providing a highly accurate radar bombsight, navigation systems such
as Loran for position-ftxing and Rebecca for homing and landing, and effective
tail warning. The advantages bestowed by a nose installation could possibly
be of increased importance. It was more suitable for the role of target location,
the H2S layout did not interfere or compete with any other equipment, H2S
and the mid-under gun turret could be used simultaneously, and it placed no
limitations on the number and size of bombs to be carried. Before a decision

could be made, various factors required study. They included the extent to
which Lancaster IV aircraft were likely to be used for daylight operations
against Germany and Japan ; the radar requirements for operations in the
Far East, where conditions varied widely from those in Europe ; the extent
to which reduced H2S performance would be acceptable in order to obtain an
improvement in armament; and the extent to which H2S performance could be
restricted to permit greater flexibility in bomb load. The question was also
closely linked with possible development in the near future of gun-laying
devnces and the co-ordination of bomber aircraft armament.

Daylight operations' policy was discussed at a meeting held at the Air Ministiy'
on 25 April 1944, when it was agreed that ‘... as  a general principle it was
felt that 360 degrees of H2S cover was preferable for both day and night bombing
operations . . . ’ It was, however, also considered that something less than
Sk) degrees coverage might be accepted in the Far East theatre of war if
material advantages in defensive armament resulted. However, as only a
ventral scanner could give the all-round looking which was a requirement of
Bomber Command, the question of a nose installation was dropped until it
was brought up again in November 1944 in connection with Lincoln aircraft.*
It had been decided that ail Lincolns should be fitted with a ventral installation

but were to be equipped so that a hand-operated F.N.88 under-gun could be
substituted for the scanner at short notice at the discretion of the commander

in the field. The scale on which the F.N.88 components should be supplied
tiad not been fully considered, but it was proposed that as a provisional estimate
sufficient gun equipment to enable at least tw'O-thirds of the Lincoln force to be
deployed in operational units should be provided. When the desirability of a
nose installation was once more suggested in connection with the development
of an ideal aircraft nose the Director of Radar pointed out that something more
than a new nose would be required to make possible a satisfactory installation
b other tlran the ventral position, even if coverage of less than 360 degrees was
acceptable, and that structural alterations to parts of the airframe other than
the nose would be necessary. The Assistant Chief of the Air Staff (Operations)
decided that the question of whether or not an operational requirement for a
nose installation should be raised officially depended on the amount of difficulty
involved. If nose scanning could be incorporated conveniently then it was
clearly desirable as it would do much to solve the vital problem of defence
beneath the aircraft, and a new nose to provide accommodation for a Type F
turret with a gyro gunsight and the Mark XIV or S-A.B,S. bombsight was
already projected.*

‘ A.H.B./II/69/21Sl^ ^
’ A.H.B./U/69/215D. The Type F was a turret developed for use in heavy bomber air

craft fitted with an ' ideal' nose, to be operated from the borob-airaer position. The
S.A.B.S. was a stabilised automatic bombsight. Sie Royal Air Force Armament History,
Volumes I and II.
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An investigation was therefore made of the difficulties likely to be encountered
in the provision of such a new nose without H2S, or with a scanning installation
giving 360 degree coverage, or with one giving less than 360 degree coverage.
During January and February 1945 the project was discussed with the chief
designer of A. V. Roe, and representatives of the T^R.E., R.A.E., D.O.R.,
p. Armament R., D. Armament D., D.T.D,, and Boulton and Paul.^ The
introduction of the G.G.S. would in any event necessitate a major redesign
of the Type F turret, and even with a redesigned turret including the G.G.S,,
major structural alterations would have to be made to the nose in order to
obtdn the necessary sighting angle. The bombsight and the bomb-aimer's
position would have to be relocated, and it was quite obvious that even with
the simplest scheme major modifications were involved which would, although
given the highest priority, take more than one year to incorporate in production
lines, whilst a more satisfactory^ nose would be obtained only by lowering the
floor some eighteen inches and' introducing a new empennage' The T.R,E.
was of the opinion that a nose scanning installation would impose very definite
limitations on the future development of H2S. However, it was appreciated
that the reason for moving the scanner forward was to improve the defence of
the aircraft, and the T.R.E. considered that it would be unprofitable to cater
only for existing scanners; a scanner nacelle six feet in diameter would be
required in the near future. It would be impossible to obtain all-round
looking without locating the scanner below the fuselage, and the aircraft
designer thought that a new empennage would be required, together with
considerable modification to the bomb doors in order to obtain reasonable
fairing and to reduce undesirable aerodynamic effects. Such a scheme would
involve as much as 12 to 18 months’ design and development work, and
practically a new aircraft would have to be built. The original type of Lancaster
nose installation was also considered but even that, as an interim measure,
would involve a large amount of redesigning and tooling, and in the view of
the T.R.E., would be unacceptable because of poor H2S performance. In
addition, a great deal of other equipment would have to be moved from the
nose and repositioned elsewhere. If it were finally decided that it was
essential to transfer H2S to the nose and provide an under-gun turret, the
system used in the Lancaster trial installation offered the only reasonable
method which could possibly be put into production during the next 18 months
using existing aircraft design and existing H2S equipment, and with it only
forward coverage would be provided. The major alterations otherwise
required indicated that the Lincoln, although it was not brought into operational
use before the end of the war, was fundamentally out-of-date as a heavy bomber
aircraft because of its inability to accommodate the most modem equipment.

Revision of Aircrew Duties and Training

In Jidy 1943 the formation of a navigation team, consisting of the navigator,
bomb-aimer and wireless operator, was approved in principle by the Air-
Ministry, because the operational conditions encountered by aircrews of Bomber
Command made revision of aircrew duties necessary to ensure the satisfactory
navigation of bomber aircraft. The bomber force was then facing increased
opposition which made it necessary to fly at increa-sed heights, and when
possible, at higher speeds, often for long periods above cloud, and on circuitous

> A.M, File CS,22828.
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routes, to avoid the main defence areas. The introduction of H2S and other

navigation and bombing systems had also increased the demands made on
the navigator's time and ability. Not only, therefore, had the work of the
navigator been considerably increased, but also greater accuracy was required
to enable the main force to keep on a planned track and maintain the desired

concentration. The Pathfinder Force had adopted the navigator team
principle at the end of 1942, the navigator and the bomb-aimer sharing the
duties of navigation. In the revised scheme, the navigator remained the key
member of the team, but the bomb-aimer and wireless operator supplied him
with information obtained by map-reading, astro-navigation, or from H2S
and other radar systems. It was intended that, with the observations thus
provided, the navigator would be able to fulfil his duties with a high degree
of precision.^

By October 1943 alterations in the training programme of all three members
of the team had been arranged, but obviously the main effect of the changes
would not be felt for about six months, when a notable increase in efficiency
was expected. However, investigations made during March 1944 revealed
that the standard of navigation was not meeting the exacting requirements of
bombing operations. In fact, navigation errors were so numerous that it was

considered to be practically certain that a much higher proportion of Bomber
Command losses were directly attributable to faulty navigation than had
previously been suspected.

In the navigation team, the bomb-aimer was the H2S operator, and as such
was required to keep a navigation log and plotting chart. To be competent
he required a sound knowledge of dead-reckoning navigation, and the standard
of navigation training for bomb-aimers was raised accordingly. The
technique of H2S operating was not easy to master. In the hands of good
operators H2S was of great assistance to precise navigation, but for blind
bombing an even higher standard was required, and few bomb-aimers attained
that standard. It was essential not only that training should be intensified,
but that as H2S was further developed its operating sequences should be
simplified. H2S training was normally carried out during the Heavy Con
version Unit course, but in May 1944 consideration was given to the inclusion
of H2S training at the previous stage of instruction, the Operational Training
Unit. Experience had shown that position-fixing by relating the responses
to dead-reckoning navigation was the bomb-aimer's greatest difficulty and
with the advent of the reference point bombing technique improvement was
essential. Proposals for synthetic means of providing training other than
the issue of complete H2S trainers, considered to be an uneconomical measure,
were made, but in July 1944 it was decided that no benefit was obtained from

H2S training at operational training units. During that month H2S Mark IV
was made an operational requirement for all heavy bomber aircraft, and
Headquarters Bomber Command proposed alterations to be made in the layout
of the navigator station in conjunction with its introduction. Since the
system of a navigator team was first adopted the wireless operator had been
responsible for operating Gee, but he was no longer required to be a direct
contributor to navigation, and Gee, or Loran, was in future to be operated by
the bomb-aimer. In order that the navigator might easily take the maximum

‘ Bomber Command O.E.B., July 1944.
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advantage of the facilities for finding wind velocity whicli were incorporated
in H2S Mark IV, he was made responsible for the operating of H2S, whilst the
air-bomber was required to keep a simplified log and to be responsible for dead
reckoning navigation and plotting.^ The proposals culminated in the design
of a single radar station for Lincoln aircraft, but during the winter of 1944/1945
the Pathfinder Force included two navigators in each crew in order to improve
the accuracy of navigation and target-marking. In September 1944, when
the use of H2S had become general in the majority of operational squadrons, it

decided that the responsibility for H2S training policy and supervision
should be transferred from the Radar to the Training branch of Headquarters
Bomber Command.® Such a step was in accordance with the general policy in
which specialist branches were responsible for the early training on new equip
ments until such time as they had been brought into general use. The training
branch took over the responsibility of allocating H2S trainers and sets for
training, the allocation of training hours both in the air and on the ground,
the methods of instruction, and the training and categorisation of instnictors.

was

Use of H2S for Reference Point Bombing
The earlier methods adopted for the tactical use of H2S for blind bombing

and target marking were based upon the assumption that an aiming point
could be accurately selected from the responses obtained from a built-up
When the target was small and compact, attacks were usually concentrated
and successful, but difficulties arose when the methods were applied to large
and scattered areas, and they could not be employed for precision bombing
or against targets which gave no identifiable response on the P.P.L display,
P.P.1. photographs showed that certain physical features in enemy territory,
particularly stretches of water, provided readily identifiable landmarks by
which it was possible to fi.x the position of the aircraft with a high degree of
precision. The Operational Research Section of Headquarters Bomber
Command therefore su^ested in May 1944 that whenever the target selected
for attack was situated within range of identification by H2S of such a landmark,
a potentially accurate method of bombing was possible by using the landmark
as a reference point and homing to a pre-calculated release point.® The
release point could be determined by knowledge of the true air speed, height,
track, wind velocity and bomb ballistics. Two obvious objections were the
1<^ of tactical freedom caused by the necessity for adhering to a given track,
airspeed and height, and the probability of bombing error caused by the use of
an incorrect wind velocity. However, with the current bombing methods it
was already necessary to keep to a pre-determined track on the approach to
the target, and it was thought that the likely errors in calculation of the wind
velocity would not appreciably increase except when conditions were very
unusual. It was estimated that the overall accuracy of bombing, if the
reference point system w-ere adopted, would be such that 50 per cent of bombs
would fall within a circle of a radius of not more than one mile and possibly
much less, and it was emphasised that the area of the circle would be
independent of the size, shape, and degree of dispersion of the target, in contrast
to the results of current bombing methods. Once the position of the release
point with reference to the selected landmarks had been determined, it would

area.

‘ A.H,B./II/69/21SC.
»A.H.B./n/69/2I5C.

• A.M. File C.16073/44.
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be necessary to set up the information in a manner which could be conveniently
used by the bomb-aimer during the run-in to the target, and some modifications
of the H2S installations in current use were required for two of the three

' offset ’ methods proposed.

For the first, in which no modification was required, the distance of the
reference point from the release point was set up on the range marker ring,
and a chinagraph line was drawm on the track marker plate to indicate the
bearing of the reference point from the release point, the track marker having
been previously set on the track required at the target. The aircraft then had
to be flown along the required track in such a manner that the reference point
passed through the intersection of the range marker ring and the chinagraph
lines, at which instant bombs or markers were released. The second method

required a modification to include a simple mechanical device with which to

measure off and mark the range and bearing of the reference point from the
release point, whilst the third method was more or less a refinement of the

second. The main modification required was one to enable the whole P.P.I.
display to be offset from true centre before the bombing run was started.

Then the aircraft was flown so that the planned reference point appeared to
move in towards the centre of the P.P.I. display.

Immediate interest was shown in the possibilities of the system, and Head
quarters Bomber Command placed three aircraft at the disposal of the Bomber
Development Unit for e.\tended trials, whilst Bomber Command groups
included it in their training programmes. The possibilities of the technique
for mine-laying from high altitudes were recognised, and trials of various
mine-laying applications were included in the B.D.U. programme. Previously
mine-laying had only been carried out successfully in enemy coastal waters
when weather conditions were favourable.*^ It was necessary for navigators
to pinpoint a coastal land feature near the release point, and mines were laid
after a timed run had been made from the selected landmark. The method

demanded good visibility and an absence of low cloud, and, because landfall
had to be made as near as possible to the release point, usually at low altitudes,
aircraft were invariably flown within range of enemy ground defences. The
unmistakable H2S responses obtained from coastline and the comparative
ease of interpretation of bearing and distance from prominent coastal features
made it possible to release mines on H2S plots from heights up to 15,000 feet,
irrespective of low cloud amd poor visibUity. The approach to the release

point was selected to provide maximum assistance from H2S, whilst avoiding
as mudi as possible heavily defended areas. P.P.I. photographs were taJcen at
the moment of release on a number of sorties and provided a valuable means of
assessment of the methods employed. The method generally used was to mark

on the P.P.I., before take-off, the pre-calculated position of the reference point
relative to the required release point. The aircraft was then flown so that it
followed the planned track to such a position that the response from the land
mark coincided with the mark on the P.P.I.. when mines were released.

However, with H2S Mark II it was not always possible, because of poor
definition, to pinpoint accurately on the P.P.I. the reference point, but
analysis revealed that 34 per cent of mines fell within one mile, 53 per cent
within one and a half miles, and 69 per cent within two miles of the aiming
point.

^ Bomber Command FUe BC.52724/60.
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The B.D.U. report on the trials was promulgated in November 1944, but
the information gained from them was too scanty to enable any precise
conclusions to be drawn because most of the data proved to be unsuitable for
scientific analysis. However, the causes and effects of inaccuracies in the
measurement of the bearing of a response, unimportant as they were for general
navigation but of considerable importance in the reference point technique,
were determined. Amongst the recommendations made for their eradication
was one that the T.R.E. should investigate the possibilities of incorporating
an electronic bearing marker in existing and future Marks of H2S.

During the winter of 1944-1945 the deference point technique was successfully
used and developed by Bomber Command for target marking on bombing
operations. The markers were dropped on a reference point sufficiently distant
from the target to be clear of smoke, a.nd bombsights were offset in such a way
that although the main force aimed on the markers, bombs fell on the target.
When the technique was first used against tactical targets in France the Master
Bomber made calculations which he broadcast to the main force to ensure that
bombsights were corrected. Such a procedure took some time and the inevitable
delay caused rather heavy casualties as the main force waited for the markers
to be placed and for the Master Bomber’s instructions. The procedure
therefore modified for emplbyment against well-defended targets in Germany,
The actual target was first illuminated and marked by use of H2S. In the
light of the flares the crews of between five and nine aircraft identified a
previously chosen marking point which was anything from 1,000 to 2,000 yards
distant from the centre of the area to be attacked, and dropped indicators
whose accuracy was continually checked by the Master Bomber. Eventually
each aircraft of the main force could be given a separate heading on which to
approach the target area from the marking point, and a different interval of
time at which to bomb after the marking point appeared in the bombsight.
At the T.R.E. it had been realised for some time that H2S should be developed

so that, however invisible the real target might be, a clear-cut sighting on a
neighbouring feature at a known bearing and range from the target would
result in accurate bombing.^ The value of the reference point technique as a
countermeasure to jamming was also appreciated. In the design of H2S
Marks VII and VIII two possibilities were covered by providing for two types
of offset bombing. One was for use when a suitable reference point could be
chosen before an operation ; the radar reference point controlling the reference
point target marker was pre-set and translated into position information to

bombing of the real target. The other was for use when a correction
was required in the target area. It involved rapid off-setting to meet local
surface wind conditions for flare and ground marker bombing and to correct
for cross trail of low terminal velocity bombs. Facilities for offset bombing
were also included in H2S Mark IV,

Restrictions on Operational Use of IMS Marks n and in

Full technical knowledge of H2S was gained by the enemy when a
comparatively intact installation was recovered from an aircraft which crashed
near Rotterdam in March 1943. Five possible courses of action to counter
the use of H2S were presented by that knowledge; development of a similar

»A.H.B./1I/69/215D. ^

was

cover

104



instaUation for use in bomber aircraft, jamming, the use of decoy targets,
development of a homing receiver, and development of a raid-tracking
organisation to obtain information from H2S emissions^

Although Berlin centimetric A.I. equipment was developed from H2S, the
majority of German bombers were twin-engined aircraft which were considered
to be too small to accommodate effectively a form of H2S, and in any event
at that period of the war the enemy requirement was for fighter rather than
bomber aircraft. In addition Allied bombing raids against industrial areas

and factories seriously restricted all forms of radio, including valve, production,
and little progress was made with aii H2S project. The difficulty of jamming
highly-beamed centimetric radar emissions was appreciated, and it was decided
that all that could be done to jam H2S was to attempt to defend a few vital

targets. The first target chosen for such a defence was the Leuna works.

Transmitters, known as Postklystron, were positioned on eight sites around
Lewta, and began operating about March 1945,® It was claimed that when a

jammer was directed against an aircraft equipped with H2S, normal responses
on the P.P.I, display were obliterated at a range of 25 miles. Plans were
also made to employ a second type of jammer, making use of the Roland trans

mitter manufactured by Siemens, but its development was abandoned in March

1945 as it was considered to be ineffective. Experiments were also made in

ground camouflage vnth the aid of corner reflectors but they were unsuccessful.
It was originally planned to use the reflectors to disguise prominent landmarks,
such as lakes, but too many were needed to make the scheme practicable, and
it was also necessary for them to be fi.xed in one particular orientation to produce
any effect. In particular, a number of decoy buoys were sited in the harbours

of Kiel and Wilhelmshaven. The buoys were of two kinds, and were arranged as
if to attempt to reproduce the outline of the docks. One consisted of a small
boat with a corner reflector mounted on top, and in the other the reflector was

supported by three rafts lashed together. There were at least 50 or 60 buoys
at Kiel and 300 at Wilhelmshaven. laid at a density of about 60 per square
mile. P.P.I, photographs taken by Allied bomber aircraft at the moment
of bomb release over both locations showed no consistent false echoes, and

none were observed at any other targets, either coastal or inland.® Consideration
was also given to the use of metallic powder, having high reflectivity
characteristics, in the construction of decoy targets but the amount of powder
required was found to be prohibitive. The only two countermeasures which

proved to be effective were homing receivers and radar intercept stations.

Immediately the nature of H2S was realised, an operational requirement
was raised for a receiver capable of homing to H2S emissions to be installed

in night fighter aircraft. Homers for use on metric wavelengths had already
been developed but the enemy considered that free-lance tactics by specialist
homing aircraft were incompatible with the system of direct ground control
of fighters which was the essential basis of German air defence. When that

system had to be abandoned because of the Allied use of Window, the
practicability of homing operations was accepted. But the problem of homing
to the source of emissions radiated on centimetric wavelengths was technically
and tactically much more difficult because of their characteristics. Eventually

A.H.B./nG/29. A.D.I,(K) Reports.
• A.H.B./69/215D. Air Scientific Intelligence Report No. 29, dated 5 December 1944.
^ See Appendices Nos. I and 2.
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a receiver known as Naxos was designed, but early development models gave
no indication of range and bearing and were ineffective as homers. Modified
versions of the earlier Naxos equipment were installed in U-boats from
September 1943 for employment as a warning system against centimetric
A.S.V., and further development of the receiver for homing was continued
until in December 1943 final Service trials were conducted.* An installation
programme for an operational unit, Gruppe II, was completed in January
1944, but because of the technical difficulties which had been experienced and
the lack of success which attended the early operational use of Naxos, aircrews
had not much confidence in the equipment and comparatively little '
made of it. Fighter aircraft could not be homed to individual aircraft
equipped with H2S unless they were isolated at some distance from the main
bomber stream, for there were inherent difficulties in solving the problem of
homing to one aircraft situated in a concentration of others all emitting similar
radiation, Naxos did, however, facilitate making contact with the stream
itself, and when the aircrews of Gruppe II were considered to be adequately
trained in its use, their aircraft were usually positioned as near as possible to
the estimated track of the main bomber force to act as pathfinders for the
remainder of the fighters.** On 8 April 1944 aU the iVaAJOs-equipped aircraft
of Gruppe 11 were destroyed on the ground at Quakenbruck by a bombing raid
carried out by the U.S.A.A.F., but by July 1944 replacements were made
available for operations.

use was

Meanwhile, radio countermeasures against the ground radar elements of the
German air defence system had been so effective that the enemy was denied
information of the approach and intentions of bomber forces by that means,
and an extensive raid tracking organisation or listening service was set up in
order to gain that vital information by means of intercepting aircraft radar
emissions,® A network of radar intercept stations using Korfu receivers, an
elaboration of Naxos with directional aerials, was spread over all probable areas
of approach of bomber forces and was used for plotting Id2S emissions on the
10-centimetre waveband. Early warning of raids was received at long range,
and as the system became more highly developed the enemy was able, to some
e,xtent, to analyse bomber tactics and thus possibly to distinguish main raids
from diversions. With the adoption of free-lance night fighter tactics the
listening service grew in importance, and by July 1944 the entry of Naxos-
equipped aircraft into the main bomber stream was very much facilitated. On
the night of 25/26 July 1944 the bomber force was plotted, by means of its H2S
emissions, whilst it was stiU in the Peterborough area, and its subsequent
heading was followed as the aircraft flew south to the English Channel.'* The
tracks plotted then divided, some going to targets in France whilst the main
force went on to the Stuttgart area. The maximum range of early warning
thus obtained by the enemy was 150 miles, which compared favourably with
that which had previously been made available by the coastal radar stations.
In addition a reasonably accurate estimate of the number of bomber aircraft
engaged was made. 300 to 400 as compared with the 500 actually employed
against Stuttgart.

‘ See Royal Air Force Signals History, Volume VI  : ‘ Radio in Maritime Warfare • for
details of use of Naxos m U-boats.

^See Royal Air Force Signals History,Volume VII:
farther details of Naxos and its tactical use.

Radio Counter-Measures', for

’ See Royal Air Force Signals History, Volume VII; 'Radio Counter-Measures*.
• A.H.B,/II/e9/2l5C.
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In July 1944 it became evident to Headquarters Bomber Command that the

enemy was not necessarily relying entirely upon his ground radar system for
early warning, and it was strongly suspected that effective use was being made
of emissions from radar equipment carried in bomber aircraft for that purpose
and for homing fighters to the bomber stream, if not to individual aircraft.^ It
was also evident that, if the facts were true, the only way to deny the information
to the enemy was to prohibit all radar emissions from bomber aircraft.®

However, H2S was of very real value to Bomber Command, and without it the

efficiency of the bomber force would be very much reduced. The homing
threat had two aspects. Homing to the bomber stream only was considered
to be an acceptable risk since there were many ways other than by making use
of H2S emissions by which the enemy could accomplish such homing.® Homing
to individual aircraft, however, constituted a risk which was by no means
acceptable. The task of assessing the degree of success achieved by the enemy
was most difficult. At that period of the war German air activity was confined
to the Continent and it was not possible to obtain enemy aircraft so tliat
equipment could be examined. Fortunately, on the night of 12/13 July 1944,
because of an error in navigation, a ]u. S8 landed at Woodbridge.' Although
the aircraft was not equipped with Naxos its crew definitely established the

use made of H2S, It became apparent that, in order to increase the security
against attack of the bomber force, H2S and other radar equipment would
have to be kept switched off, at least until the aircraft were within effective

range of German ground radar.

The decision to enforce H2S silence was not to be made easily, however, and
was the subject of considerable discussions and controversy. It was argued that
H2S was the main system of navigation and blind bombing beyond the range
of Gee, and any suggestion that it was a potential danger would very likely
cause loss of confidence amongst aircrews with a consequent loss of efficiency ;
if a high standard of efficiency was to be attained, the maximum use of H2S
was necessary. In addition, the overall casualty rate was low and investigation
had revealed that it was no greater for aircraft fitted with H2S than it was for
aircraft not so fitted.* A technical difficulty also, existed. If H2S was not to

be used until late on the outward journey, the H.T. and L.T. circuits were
switched on as usual after take-off, but the modulator remained switched off

until the prearranged position was reached. At high altitudes, especially
during the winter months, flash-over was very likely to occur, with a consequent
great increase in unserviceability of H2S equipment. Moreover, the average
bomb-aimer or navigator required at least 15 to 20 minutes to re-tune once the
modulator had been switched on, so that if the installation was to be used for

navigation it would be necessary to bring it into use at an appreciable distance
from the enemy coast.® It was tlierefore sxiggested that there was not sufficient

justification for curtailing its operational use, although the possibility of long-
range plotting and homing to the stream existed, as the advantages of retaining
the employment of H2S outweighed the disadvantages.

* A.H.B,/IIE/7S. ' War in the Ether
» A.H.B./IIE/77/73. Air Scientific Intelligence Report Ho. 73. dated 13 July 1944.
• See Royal Air Force Signals History, Volume VII; ' Radio Counter-Measures *, l.F.F.

and Monica emissions were used by the enemy.

• A.H.B./I1E/69/215C.

* Bomber Command O.R.B., August 1944.
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Those who considered that the use of H2S should be restricted, principally
the Rad^ Staff, maintained that the enemy, by using H2S for long-range
plotting in areas where Gee cover was available, was deriving more benefit
from H2S in those areas than were the aircraft of Bomber Command. The
Germans were obtaining vital and essential information whilst the bomber
aircraft in those areas were using H2S only because of the training factor, and
because of technical difficulties which could be cleared eventually by modification.
H2S could not be considered an operational requirement in any area when Gee
was unjammed, and that extended as far as the Rhine. Although the overall
casualty rate was low, it included sorties against targets not in Germany. For
the month of July 1944 it was 1 *6 per cent, which was acceptable, but against
targets in Germany alone, it was 4 per cent, which was too high. Whilst the
enemy use of Naxos might threaten no danger to individual aircraft, the bomber
force as a whole could be endangered by H2S emissions acting as a beacon for
night fighters which, having used Naxos to home to the stream, could use their
A.I., then unjammed. for intercepting individual aircraft which might or might
not be equipped with H2S. The proposal that H2S should not be used whilst
aircraft were within Gee cover could not affect the accuracy of bombing, which
was the main consideration | the improvement of bombing accuracy was the
prime reason for the development of H2S. The training aspect was considered
to be not important enough to justify the use of H2S in conditions which could
be dangerous to the bomber force, particularly as the return fiight from a raid
offered opportunities for practice. In the matter of the loss of confidence
amongst aircrews it was felt that if the difference between the plotting hazard
and the homing risk was clearly explained, there would be no reluctance to use
H2S operationally.

The opposition to imposing restrictions on the operational use of H2S was
considerable, and whilst many of the opinions expressed were biased and
uninformed, the issues at stake were well understood at Headquarters Bomber
Command. The possibility that the command might, in effect, lose the benefits
conferred by H2S if crews were to regard it as a source of danger was fully
appreciated, but at the same time it was imperative to deny the enemy the
ability to plot the tracks of bomber aircraft at long range. It was essential to
reach a rational compromise whereby H2S could be used when necessary and not
merely when convenient. The problem was examined and re-examined, for it
was of the utmost importance that all the implications should be fully realised
before a decision was made, until 22 July 1944, when the Chief Signals Officer
of Bomber Command recommended to the Air Staff that H2S, Monica and
A.G.L.T. should not be switched on until the bomber force was within 40 miles
of enemy territory.

On the night of 28/29 July 1944 the restriction on the use of H2S was ordered
for the first time for an operation against Hamburg. Radar silence was to be
observed up to 0600 degrees East, and the height at which the Channel was to
be crossed was restricted to 4,000 feet. Unfortunately, some aircrews did not
obey the order and the experiment was to all intents and purposes a failure.
H2S silence was also ordered for operations against Stettin and Kiel on the
night of 16/17 August 1944. until points 0500 degrees East on the route to
Stettin, and 0400 degrees East on the route to Kiel, were reached. The
indications were that no early appreciation was made of the intentions of the
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forces, and the reaction of German fighters was late, Bomber Command losses

being comparatively low. Opposition to the restriction still remained.^ As a
result of the free circulation amongst crews of information from both British

and American Intelligence sources on the use of Naxos as an H2S homer there
was considerable uneasiness, and the Air Staff was warned by Bomber Command
groups that confidence in H2S was being rapidly lost. As a result, on 13 October
1944, Headquarters Bomber Command sent to headquarters of groups a full
and detailed appreciation of the situation, with instructions that adl aircrews
were to be acquainted with it.®* It was pointed out that the liberation of France,
Belgium and part of Holland had brought about a considerable change in the
war situation with regard to the strategic bombing of Germany. The enemy
had lost the use of the extensive and highly efficient radar network and G.C.l,

organisation which had been set up in France and the Low Countries, The

majority pf night fighter squadrons had been withdrawn well into Germany,
and the parts of the bomber force approach during which they could engage the
bomber force were very restricted, since they were not aUowed to fly over
territory occupied by the Allies in case the eqmpments they carried were
captured. The results were to be observed in the greatly reduced loss-rate of
Bomber Command, and it would have been surprising if the enemy failed to
take advantage of any method which held a promise of modifying the situation
in his favour. The obvious thing to do was to make use of radar emissions from
bomber aircraft. The ability of the Germans to take full advantage of H2S
emissions for plotting at long range was obviated by relying for navigation on
Gee, the cover of which was being extended by setting up stations on the
Continent. It was still not known whether Naxos could be used for homing to
individual aircraft, but there was evidence to indicate that it was not being

done. The comparative casualty rate of aircraft fitted with H2S and those not
fitted when attacking similar targets was being carefully watched, and on the
whole the rate of loss of those fitted with H2S was slightly less than that of
those not fitted. The use of H2S witliin the existing restrictions might be
allowing a proportion of fighters to enter the bombing stream, but was by no
means necessarily helping them to home to individual aircraft, whilst it was
practically certain that the Germans possessed no means of homing to H2S
Mark III, The extreme importance of everj' air crew implicitly obeying every
instruction regarding radar silence was strongly emphasised.

Doubts about the wisdom of the attitude of Headquarters Bomber Command

persisted, and it was agreed that Professor D. I. Dee of the T.R.E. should be

permitted to make an independent investigation of the matter. His findings
were a complete vindication of the policy adopted, and proved that much, if
not all, of the criticism was based upon lack of knowledge of the subject.®* In
fact, it was the aircrew of Gruppe II who, in October 1944, began rapidly to
lose confidence in the effectiveness of Naxos, for they were obtaining very few
contacts and suspected the use of a new wavelength for, or the complete
disuse of, H2S.* However, the degree of success achieved with radio silence
was dependent on the standard of discipline amongst aircrew, and it became
obvious that a proportion of aircrews in Bomber Command either failed to

^ See Royal Air Force Signals History. Volume VII;
.Appendix No, 16. for copy of letter.

> A.H.B./I1E/76.

Radio Counter-Measures

* A.H.B./nG/29.
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understand the importance of radio silence and other radio countermeasures,
were guilty of a criminal disregard for the needless danger to which they

exposed not only their own but all the other aircraft participating in an
operation. For instance, on the night of 30 November/1 December 1944 a
force of 576 aircraft attacked Duisberg. and radio silence until 0530 degrees
East was ordered, in addition to a height restriction of 6,000 feet until 0400
degrees East.^

force employed Window, Mandrel, Dinah, Drumstick, Jostle, Corona, Special
Tinsel, and A.B.C.® If instnictions had been obeyed, the enemy would have been
denied all information of the intentions of the force until about half an hour
before the attack was timed to begin. Actually, however, the enemy was
heard passing bfearings and plotting positions 66 minutes before the attack,
when the main force was still over the English Channel. Strong indications
that the early warning was obtained from H2S emissions were substantiated the
following night by a test carried out by No. 100 Group, when aircraft used
H2S for six minutes in the same area. The enemy was again heard to pass
bearings and as soon as H2S was switched off the bearings ceased and the
aircraft were reported as having disappeared. Further investigation revealed
without doubt that some bomber aircraft had disregarded both the radio
silence and height restriction orders, with the result that six fighter Gnippen
were airborne or at readiness to meet the attack. Instances of similar
■disobedience were still being reported in March 1945, although repeated effortswere made to emphasise the fact that the use of H2S was dangerous only when
aircraft were within the radio silence zone, since long-range plotting and notNaaros homing was considered to be the main threat. With the revival by the
enemy of night intruder tactics over Bomber Command airfields, the use of
H2S was not only restricted on outward flights but also during return flights
before the end of the war.®

or

Whilst the main force was en route, a radio countermeasure

Removal of H2S Mark 11 from Main Force Aircraft of No. 5 Group
During the summer and autumn of 1944 No, 5 Group developed a marking

technique in which the target was illuminated by flares dropped by pathfinder
Lancasters, and the aiming point was marked by low-flying pathfinder
Mosquitos, principally against undefended targets in France. In October
1944, when Headquarters Bomber Command made S.S. Loran an operational
requirement for Mosquito and Lancaster aircraft not fitted with H2S but used
for target-marking in Nos. 5 and 8 Groups, Headquarters No. 5 Group asked
for an allocation of an additional 200 sets of equipment to enable aircraft
used for main force bombing also to be equipped.* Authority was requested
to limit the number of No. 5 Group squadrons equipped with H2S to fi.ve, in
order to release sufficient radar mechanics to install and service Loran. Head
quarters No. 5 Group considered that with the development of Naxos the
operational value of H2S in main force squadrons had been greatly reduced,and probably did not justify the heavy commitment of servicing personnel!except for squadrons equipped with S centimetre H2S or engaged on minelaying

‘ A.H.B./IIH/241/3/6I2—Bomber Command Pile TS.32130. ^  ~
• See Royal Air Force Signals History, Volume VII; • Radio Counter-Measures
> Between midnight and 0400 hours on the night ol 3/4 March 1945 about 80 enemyaircraft intruded under cover of returning bomber aircraft and made a number of attacks
* A.H.B./nH/241/10/77. S.S. Loran Policy.
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operations. Although the results achieved by No.  5 Group squadrons had been
excellent, their bombing attacJcs had generally been made in reasonable weather
conditions and H2S may not have been essential, especially since many of the
targets were within Oboe range so that initial identification of the target area
had been simplified.^ Headquarters Bomber Command emphasised that
H2S, in spite of the employment of Naxos by the enemy, was still of great
operation^ value beyond Gee range, and would be of vital importance for
accurate navigation and therefore effective bombing when attacks against
long-range targets were again undertaken in adverse weather conditions during
the winter months. There was no reliable evidence that the use of Naxos was
in fact a serious menace. The loss-rate of aircraft fitted, and those not fitted,
with H2S, showed no significant difference, and total losses over the past few
months were only one-third of those sustained during the equivalent period
in 1943. Although the Continental chains would extend the effective coverage
of Gee, it was by no means improbable that the extent of such coverage
would be considerably reduced by enemy jeunming. Moreover, Loran was
undoubtedly easy to jam and it was expected that, sooner or later, the
advantages of the system might well be denied to bomber aircraft
operating over Europe. H2S was the only effective navigation and blind

bombing system covering all ranges to which the bomber force might be
required to penetrate, and if thick cloud was unexpectedly encounter^ over
the target area, H2S made an effective concentration of bombing possible
when visual marking was ineffective. It was considered most important that
the command should not be intimidated into imposing restrictions on the use

of H2S beyond those designed to deny to the enemy early warning of the
approach of a bomber force. Approval to the request to remove H2S from

aircraft was therefore not given. The Ministry of Aircraft Production had

embarked upon an enormous programme to equip all aircraft of Bomber
Command with H2S at the expense of development and production of other
aircraft radar systems. Its removal would adversely affect the standard of
H2S training, which, should both the Gee and Loran systems be rendered
ineffective by jamming, would seriously impair the efficiency of bombing
operations. However, in order that early operational experience of the
performance of the S.S. Loran chain might be obtained whilst production line
installation was awaited, authority was granted for the installation of Loran

instead of H2S in all No. 5 Group aircraft not already fitted with H2S. if the
retrospective fitting programme could be carried out within the group. When,
in March 1945, the use of H2S on homeward flights from bombing raids was
restricted because of the risk of enemy intruder airaaft entering the bomber
stream, Headquarters No. 5 Group ordered the removal of H2S Mark II from
aircraft of all main force squadrons in the group.*

1 A.H.B./II/69/21SD. > No. 5 Group File SG/S7/Air.
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CHAPTER 4

H2S MARKS IV, VI AND VH ’

When more advanced development of H2S Mark III had been stopped i“
order that the special programme for installing it in six Lancasters, and the
crash production programme, might be started, an approach to the achievement
of more effective equipment using the wavelength of 3 centimetres had already
been made. From the beginning H2S had alwa3rs been developed on a crash
programme basis, and in order to allow quantity production to be started as
soon as possible, complexity of the equipment had been reduced to a minimum.
In particular, the P.jP.I. presentation arrangements were simple and straight
forward. The various versions of H2S had used units which were basically of
similar design, and when new ideas, and improvements of old ones, were
introduced, they were developed along lines which enabled them to be readily
fitted in with existing equipment.

m

Development of H2S Mark IV

H2S Mark IV was conceived as an entirely new version of H2S, and its
design, except in relation to such standard components as modulator and power
units, was not required to conform, either physically or electrically, to the
technique used on the earlier systems. The operational requirements were
of course fundamentally the same as before, navigation and blind bombing,
but the emphasis was on the latter. It was intended that new ideas, which
lack of sufficient time had prevented from being incorporated in earlier equip
ments, together with major improvements found desirable as a result of
operational experience with the H2S Mark II series, should be introduced, and
it was planned that the equipment should be suitable for large-scale production.*
Two specific requirements were made however. Where standard units could
be used, they were to be those developed for the T.R.E. universal units

programme, and the equipment was to be linked with the Mark XIV bomb-
sight with the object of presenting on the P.P.I. display all the information
required for blind bombing.®

At the beginning of October 1943 the T.R.E. made known the main improve
ments to be expected with H2S Mark IV. They included not only roll stabilis
ation, but possibly also pitch stabilisation, which allowed for correction of the

position of the scanner when an aircraft was diving or climbing, if it was
required, Scan distortion correction was automatic with changes of aircraft
height. Bomb-aiming would require no action by the bomb-aimer other than
to place the normal settings on the bombsight, and setting of the range markers
and the drift line were also automatic. The equipment included an electrical

> A.H.B./IIE/6/60. ■
* The Mark XIV bombsight was introduced into general operational use in Bomber

Command during 1943 and by January 1944 the majority of heavy bombers were equipped
with it. It incorporated a computor which was automatically self-adjusting for alterations
in height, course and airspeed, but the bomb-aimer applied corrections for errors found in
the forecast wind velocity, which was preset.
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position indicator which enabled the bomb-aimer to stop the response given
by a town ahead of the aircraft from travelling in towards the centre of the
P.P.l. as range was dosed. The centre.of the P.P.I., representing the position
of the aircraft, together with the drift line and predicted bombing marker,
moved out across the P.P.l. to meet the stationary response. By thi.s means
the aiming point could, if the contrast and appearance of the town response
at the bombing angle was unstable, be mark^ when the town was several
miles distant, and then no further attention need be given to the response.
.■\gainst large targets the aiming point could be marked when the whole town
was visible on the 20-mile scan. The facility was achieved by changing the
latitude and longitude on the air position indicator to electrical voltage, and,
with a voltage representing the wind vector, the information was used to control
the movement of the predicted bombing marker and drift line across the P.P.l,
screen.*

Headquarters Bomber Command bad stressed that an ability to bomb at
all heights and in aU weathers was essential for bomber aircraft and that,
accordingly, a fundamental objection to the projected installation was that it
was based upon employment of the Mark XIV bombsight, which alreadyconsidered to be an out-of-date device in view of the scientific knowledge gained
since the sight was first designed, and which could not be operated with accuracy
above 20,000 feet. The sightii^ line of the sight at 20,000 feet was accurate
within 200 or 300 yards. It had not been designed for use above 20,000 feet,
and because of the inadequacy of the height computing mechanism, the sighting
error increased by 30 yards for every additional 1,000 feet above that height.
The bombsight contained inherent disadvantages but was the most preciseinstrument available, and was more accurate than H2S itself. Development of
a new bombing computer mechanism was envisaged, but a development period
of at least two years was required. It was expected that H2S Mark IV could be
made ready for production by the middle of 1944, and the Mark XIV would be
the best bombsight available then.

In October 1943 the dedsion was therefore made to develop H2S Mark IV
that it could be used in conjunction with the Mark XIV bombsight, and the
T.R.E. was asked to investigate the possibility of including other refinements.
The Pathfinder Force had reported that during a recent operational flight wnd
data had been obtained near the target area by the use of H2S, and that its
accuracy was about plus or minus 3 knots and 5 degrees, a higher standard of
accuracy than had been achieved by any other means. Incorporation in H2S
Mark IV of an automatic wind recording device was therefore required.
Photography of targets from the air at night for purposes of verification involved
using bomb flashes and clockwork fuses, and their employment was undesirable.
A. camera mounting, attached to the indicator unit in such a way that photo
graphs of the P.P.L display might be taken, was another requirement. The
photographs would not only be useful for checking that bombs had been dropped
on the right target, hut would also be invaluable for briefing and target
recognition purposes.

The first development model of H2S Mark IV was received for type approval
in February 1944 from the Gramophone Company, and the T.R.E. began work
on an experimental installation in a Lancaster L» In July 1944 a series of

» A.H.B./nE/8/60.
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demonstrations and flight trials were conducted at the T.F.U. Defford, and
Headquarters Bomber Command reported to the Air Ministry that the perform
ance of H2S Mark IV wais much superior to that of the Marks of then in

service. The contrast between open country, water, and built-up areas was
very sharp, and the definition of built-up areas was a great improvement at both
long and short ranges. Ranges of 30 miles, compared with 18 to 20, were
obtained, scan distortion correction was effective and made ground ranges
accurate, and full H2S coverage was available up to the bomb release point.
The installation made available for the first time navigation and blind bombing
facihties which gave greater scope for reference point bombing. They included
automatic wind speed and direction finding, and a hnk with the Mark XIV

bombsight computer enabled the relative movement of target responses and
the aircraft to be reversed, making it possible to track the aircraft out to the

target, thus permitting greater tactical freedom. Blind bombing could be
accomplished more accurately because the range marker automatically changed

size with variations of air speed and altitude. The positions of the aircraft and
target responses could be moved to any position on the display, which enabled
the aiming point to be selected and maintained before the responses broke up
at very close ranges. This was facilitated by a cross marker at the centre of the
P.P.I., under which the aiming point within a target area could be positioned ;
when the target responses broke up, accurate bombing runs could be achieved

by homing the aircraft to the cross marker. The controls were very much
simplified, thus making operation of the equipment easier and reducing to
some extent the need for long and intensive training.^

A crash programme for the production by the R.P.U. of 300 equipments, to
be followed by an output of 50 per month, had been arranged, for installation
in Lancaster III aircraft of the Pathfinder Force. During February 1944 the
decision not to extend H2S Mark IIIA into quantity production had been
confirmed and the policy of initiating a main production programme for H2S
Mark IV during 1945 agreed, the actual dates being dependent on delivery
from the U.S.A. of gyros and magnetrons.^ It appeared that it would be a

requirement for Lancaster IV aircraft, and that possibly two aircraft production
lines, those of Metropolitan Vickers and Armstrong, would be changed over,
leaving introduction on the lines at A.V, Roe until a later date. No final
decision could be made, however, until the whole question had been examined in

detail and production estimates were available.

Operational Requirement for H2S Mark IV

On 15 July 1944 the question of whether or not a requirement existed for the
installation of H2S Mark IV in aircraft of the main force was considered at

Headquarters Bomber Command. The crash programme for the Pathfinder
Force had been agreed, but it had been suggested that when the replacement
of H2S Mark IIC by H2S Mark IIIA in aircraft of the main force was completed,

installation programme of H2S Mark VII should be initiated. It was most

likely that H2S Mark VII, also known as ‘ Liontamer ’, would be even more
efficient than H2S Mark IV, but the equipment was still very much an unknown

quantity, whilst H2S Mark IV had reached the type approval stage of develop
ment, and its capabilities were known. It was doubtful whether H2S Mark VII

an

* Bomber Command O.R.B., July 1944.1 A.M. File CS.22828.
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could be made available for some considerable time, and it was not improbable
that H2S Mark IV could be introduced into the main force at least one year
earlier.^ The Commander-in-Chief, Bomber Command considered that, whilst
further development of H2S to obtain even greater improvement was very
important, such development should not be allowed to interfere w-ith an early
and rapid introduction of H2S Mark IV. which on 20 July 1944 was made an
urgent operational requirement for all heavy bomber aircraft.? He requested
that action be taken on the highest priority to provision for its installation in '
all heavy bombers of the Pathfinder Force on a crash programme basis following
the introduction of H2S Mark III A, and in all heavy bombers of the main force
the aircraft production lines, also after the introduction of H2S Mark IIIA.
The possibility of installing H2S Mark IV in Mosquito aircraft was to be
considered later.

on

The implications of the request for a main force installation programme
extensive, and had to be considered in relation to their effect on current H2S
programmes and on the development and production projects of K-band, or
llr-centimetre, equipment. It was necessary to estimate as accurately as
possible the date on which full-scale production could be started, the availability
of test gear, and the dates on which installation on aircraft production lines
could begin. In addition, a requirement for altering the layout of the navigator
station in conjunction with the introduction of H2S Mark IV had been raised
and needed close study. The T.R.E. felt that, as H2S Mark IV had received
type approval, the installation programme would not substantially affect other
H2S development work, but would have an adverse effect psychologically on the
development of H2S Mark VII, which the T.R.E. considered should be the
next Mark of H2S to be fitted in heavy bombers. If arrangements were made
to change over aircraft production lines as soon as possible, it would be at the
direct expense of the H2S Mark IIIA programme and would probably also
affect the start of H2S Mark IIC fitting. The production of one set of H2S Mark
IV equipment required 40 per cent more man-hours than the production of
one set of H2S Mark IIC or IIIA. To maintain the output of H2S e<4uipment at
the current rate would mean taking over additional production resources then
engaged on meeting the demand for other urgently required airborne radar
equipments. However, if an official requirement for the introduction of H2S
Mark IV was raised immediately and given overriding priority, it was possiible
that fitting in Lancasters might be started in September 1945.* The desirability
of the alterations to aircraft layotit proposed by Headquarters Bomber Command
was agreed, but their adoption in conjunction with the introduction of H2S
Mark IV would involve abandoning the H2S Mark IIIA programme for the
mam force and noticeably delaying the introduction of H2S Mark IIC. The
T.R.E. intended to have an H2S Mark VII installation ready for demonstration
by the middle of October 1944 and anticipated that it would be ready for type
approval by July 1945. If those plans were fulfiEed. the production of equipment
and installation on the aircraft production lines could probably be started in
AprE 1946. All the other necessary improvements could be incorporated in
aircraft, and the H2S Marks IIC and IIIA

were

programmes would not be adversely
affected. At a meeting held at the Air Ministry on 9 August 1944 it was there
fore decided that for the time being the H2S Mark IIC and IlIA programme.s

» A.M. File CS.22828. * A.M. File CS.22828.
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should proceed as planned, and that the need (or  a cliangeover to H2S Mark
IV or H2S Mark VII should be referred as a matter of urgency to the Air Staff
for an immediate decision. The radar requirements for operations in the Far
East, the question of a nose or ventral installation, and the incorporation of
improvements in the layout of the aircraft all required very careful consideration.

At about the same time Headquarters Bomber Command urgently requested
approval of the H2S Mark IV project in order that programmes for air and
ground crew training might be planned, and formulated requirements for
modifications to be made based on experience gained during flight trials
conducted at Defiord with the T.R.E. experimental installation in a Lancaster I,

With the existing arrangement for automatic wind velocity finding, the speed
and direction were given in terms of rectangular or cartesian co-ordinates.
The task of the bomb-aimer was thus made more complicated, and a modification
to enable the wind velocity to be given in polar co-ordinates was required,
together with a remote control for feeding wind velocity information to the
Mark XIV bombsight computor. The maximum time that could be used with
the set as designed for finding the velocity was  5 minutes, and it was considered
that at least 10, and possibly 15 minutes, were required, and an extension of
the time period was an urgent need. Arrangements for the provision of a
suitable camera mounting which could easily be swung away from tire front of
the P.P.I. screen when it was not in use were also asked for because P.P.I.

photography was becoming an essential feature of H2S operations. The type
of shift controls used caused the display to move across the screen in small

jumps, and the headquarters recommended that the method should be changed
so that the movement was smooth and continuous. The bomber force was

being increasingly employed on daylight operations, when observation of the
P.P.I. was difficult and the provision of a visor essential, A positive form
of identification of the track and heading markers, so that they were easily
distinguishable, was required, and modification to enable responder beacons
of the B.G.X. type to be used with H2S Mark IV was regarded as essential.
When the installation had been demonstrated, and for flight trials, a Type 71
scanner was used, although the equipment had been designed to work with
a Type ̂  scanner. The latter had many advantages. It incorporated
automatic tilt which enabled it to be used in three positions at the will of the
bomb-aimer. The upward tilt was designed for use at low altitudes so that

maximiun range could be obtained at 10,000 feel. The medium tilt was approxi
mately the same as that of the T5q5e 71, and was suitable for operational
heights of about 20,000 feet, whilst the lowest tilt position was designed to
enable the most sensitive part of the beam to be concentrated on the target
during the bombing approach in order that maximiun definition might be
obtained. The scanner included facilities which allowed the heading marker
to be adjusted and set up for accurate wind velocity finding. The Commander-
in-Chief considered that the very considerable improvements provided by the
Type 69 scanner made it an essential requirement for H2S Mark IV and requested
confirmation that it would be introduced at the same time. He emphasised
that although the recommended modifications were considered to be essential,
they were not to be incorporated at the expense of an early and rapid intro
duction of the H2S Mark IV system.^ After the failure of the experimental

* A.M, FUe CS.22828.
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blind bombing raid in August 1944 he again stressed that the aim should be
to equip every bomber aircraft with H2S of sufficient accuracy and ease of
interpretation to make entirely blind bombing a practicable proposition, and
called for the acceleration of the H2S Mark lIC and H2S Mark III A
in addition to an early introduction of H2S Mark IV.*

In September 1944 the Air Ministry informed Headquarters Bomber
Command that no aircraft production line fitting of H2S Mark IV could begin
before 1946, and that no Mark of H2S other than IIB or IIC was likely to be
installed in main force aircraft before, the end of the war in Europe.* The
future policy for fitting H2S in main force aircraft was therefore to be determined
by the requirements for operations in the Far East. For operations
Europie it had been possible to introduce H2S and improvements of it into
Bomber Command by means of crash programmes and retrospective fitting
programmes. That would not be possible in the Far East. Assuming that
a bomber force of 40 squadrons would be sent, it was essential that the force
should be equipped with H2S which was an aircraft production line installation
of a type for which adequate spares, test gear and ' pipe-line' reserves were
available, and which was standard throughout the force, Tlrose conditions
could only be met by adherence to the current policy of installing H2S Mark IIC
on the production lines between September 1944 and March 1945, and H2S
Mark 11 lA after March 1945. The size and twganisation of the Pathfinder
Force for the Far East had not been decided, but it might prove to be possible
to equip four squadrons with H2S Mark IV if the difficulties of maintenance
could be overcome. However, until more was known of the plans for the
Pathfinder Force no details could l>e determined; it was, for instance, essential
to know whether there would be one self-contained force or whether pathfinder
aircraft would be included in each bomber squadron. On 25 September 1944
Headquarters Bomber Command a^eed that the proposed policy was the only
satisfactory one to meet the requirements of the command in the existing
circumstances. It was, however, considered possible that the war in the Pacific
might last long enough to make a chanpover to H2S Mark IV worth while at
a later stage, since ’... it would be indefensible to use obsolete equipment
if we could, in fact, replace it during the course of the war with the most
up-to-date device . . . A strong recommendation was therefore made
that consideration should be given to the possibility of substituting H2S Mark IV
for existing Marks of H2S in replacement aircraft for the Far F.ast, as and when
production conditions j^ermitted, and that as the installation would in any
event be a requirement in peacetime, tooling for production in quantity should
be arranged immediately. However, it was not by any means certain that
H2S Mark IV would be a peacetime requirement. The equipment was linked
with the Mark XIV bombsight, which was already obsolescent, and H2S
development was very closely bound with the development of new navigation
and armament devices. By the time that an installation programme could
be started H2S Marks VI and VII would be available and might be considered
preferable ; it was evident that main production could not begin before March
1945, and it was expected that practical comparisons with Marks VI and VIII
could be made about June 1945, If a decision were postponed until then,
and if H2S Mark IV were selected as a result, production and installation

programme

over

' A.M. Fde C.28978/46. * A.M. File CS,22828, • A.M. Fite CS.22828.
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could probably be. started about September 1946^ On the other hand, whilst
it was possible that the advantages of H2S Mark VI or Mark VII might prove
to be so great that an urgent requirement for main production and fitting
programmes wotild be raised immediately, there were indications that

considerable development work might still be necessary, especially in order
to prevent serious interference by cloud formation, which would delay quantity
production for some time. Therefore, although it was not possible to state a
firm requirement for production of H2S Mark IV in quantity, it was decided

in October 1944 that the Gramophone Company should begin the ' tooling-up '
processes.^

Trial Installation of H2S Mark IV

In September 1944 the Commander-in-Chief, Bomber Command expressed
his dissatisfaction with the rate of progress being made with the provision of
H2S for the Pathfinder Force. ‘ . The problem appears to be a lack of

priority ... it is apparent that the priority for radar research and develop
ment is totally inadequate . . . while it is quite probable that labour has not
been diverted from the radio industry, it is obvious that sufficient increases

in labour for that industry have not been made to meet its vastly increased
commitments. I would suggest that this is a gross oversight when we know

full well that radar is an essential to every operation of war . . , However,
the Air Staff felt that delivery from a crash programme by Febniary 1945
would be very commendable in view of the many difficulties associated with

production of new equipment, and stated that ‘ no priority question is
being allowed to interfere with meeting H2S requirements which have had

priority over all other urgently needed equipment  ..  .' By the end of the
month the development stag^ of the various components of H2S Mark IV bad

been completed, and the first production drawings of scarmer Type 69 were
expected to be ready in November 1944, The equipment did not incorporate
interrogator facilities for centimetric wavelength beacons, and arrangements
were made for Rebecca Mark II to be used until Rebecca Mark VI was

introduced,® As a Lancaster IV was not yet available, a trial installation was

to be made in a Lincoln as quickly as possible, and later, in a Lancaster I or
III if it was f6und that Lincolns would not be delivered from the aircraft

factories and accepted by the Service in time for employment in the Pathfinder
Force. One month later the possibility of being able to begin equipping tlie
Pathfinder Force in February 1945 had disappeared. Because of the

uncertainty regarding the date of acceptance by the Royal Air Force of Lincoln
aircraft, a decision on the re-arming of pathfinder squadrons with them was
not possible, and an aircraft could not be obtained for a trial installation. The
firm of Nash & Thompson, who had been given a development contract for

three models of scanner T3q}e 69, envisaged that detailed drawngs would be
ready at the end of December 1944 for use by the firm of Reynolds, who in
September accepted a contract to make 50 scanners on a crash programme
to be followed by quantity production.* The production of equipment on
the crash programme was unlikely to begin at the R.P.U, before the end of

March 1945, the limiting factors being a heavy load on the drawing offices and

» A.H.B./ID4/175A.
* A.M. FUe CS.23241.
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a shonage of tool makers, and it was evident that scanners and stabilising
platforms were unlikely to be available before May 1945. The introduction
of the Schnorchel device in U-boats had made the need for improvement in
A.S.V. very urgent, and required an increase in research, development and
production resources. It became necessary to consider once more the relative
priorities for aircraft of Bomber and Coastal Commands, and to determine if
the requirements of the anti-U-boat campaign at sea would have serious
repercussions on the H2S programmes. It was established that there was no
justification for any relaxation in the development of H2S and A.G.L.T. whilst
the needs of Coastal Command were being met.^

The first prototype seamier Type 69 was delivered to the T.R.E. in January'
1945 for type approval, but did not pass the tests. Modifications were required,
and in March 1945 it was expected that approval would be given to the scanner
by the middle of the following month. Meanwhile six scanners Type 71 were
being modified for use with H2S Mark IV. Although they would not incorporate
all the refinements of T}^e 69, they would at least enable flight trials to be
conducted when the equipment was ready. By the middle of May 1945 the
firm of Nash & Thompson had not been able to supply a satisfactory scanner,
and it seemed that it would be necessary to rely on scanners produced on the
Reynolds crash programme, with the T.R.E, ensuring that the
modifications were included for the Pathfinder Force aircraft. The

were fundament^y the same as the development models made by Nash &
Thompson, and it was anticipated that ten could be made available in May
and 40 in June. Bulk production was expected to begin in October 1945. A
trial installation in a Lincoln, which had been allocated to the T.R.E, late in
March, had recently been cleared, and a Lancaster trial installation had been
completed in No. 8 Group.® The Spedal Installation Unit at Deflord had
begun installing H2S Mark IV in six Lincolns, and Service trials were to be
undertaken at the B.D.U. as soon as the aircraft were accepted by the Service.
The supply of H2S Mark IV units from the R.P.U. crash programme varied;
400 transmitters and 50 receivers had been manufactured, but difficulties were
being experienced in the production of indicators Type 187, and none were
completed. Development contracts had been placed for units peculiar to
H2S Mark IVA, which combined the advantages of H2S Markfe IIIF and IV,
the main differences between it and the latter being the magnetic indicator,
wire-wound potentiometers in place of the stud type to improve the movement
of the P.P.L display, and the introduction of a six-foot scanner. The T.R.E.
trial inst^ation Lincoln was sent to the B.D.U. for trials in .May. Immediately
after arrival it was pounded whilst the propellers were changed, and then for
engine-bearing modifications.® It had not been flown when in July 1945 the
Air Staff raised a requirement for H2S Mark IVA to be installed in Lincolns
on the aircraft production lines from March 1946 onwards, and it was not until
October 1945 that Service trials could be started.

‘ Ste Royal Air Force Signals History, Volume VI:  ' Radio in Maritime Warfare
‘ In March the radar layout for the Lincoln was changed from one which enabled H2S to

be operated by the bomb-aimer, wireless operator, or navigator, as required, into a single
radar station consisting of one crate on its own independent anti-vibration mountings in
which could be iMtalled the H2S, Gee, Loran, and Rebecca indicators, together with control
panels. The radar station was located between the back of the pilot’s seat ami the
navigator-stable. (A.M. File CS.23241.)
*A.H.B,/II/69/215D.
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When, in July 1944, H2S Mark IV had been made an operational require
ment for heavy bomber aircraft, it was decided not to ask for a trial installation
in Mosquito aircraft until the effectiveness of H2S Marks II and III in the

smaller aircraft had been proved on operations. In December 1944, in view of
the success of Mosquito operations and of the proposed expansion of the
Mosquito night bombing force. Headquarters Bomber Command requested
that a trial installation in a Mosquito XVI be undertaken without delay, and
that consideration be given to equipping at least one squadron if the installation
was successful.* The equipping of a second squadron with H2S Mark II had
recently been requested, trial installations of H2S Mark III with both nose
and ventral scanners had been completed, and an experimental installation
of H2S Mark VI was in progress. The Air Ministry pointed out that the rate

of production of H2S Mark IV was not likely to be high, and that therefore its
installation in Mosquito aircraft might only be possible at the expense of
Lincoln aircraft, and requested that, in order that provisioning might be
straightened out, the H2S requirements be restated. Information ■ was

required on the extent to which the H2S Mark II installation programme was
to be continued, whether the nose or ventral installation of H2S Mark III was

preferred and to what extent it was to be installed, -whether there was a need
for linking H2S Mark IV with the bombing computer, and to what extent
the projected H2S Mark IV installation programme was regarded as a replace
ment of previous programmes. The situation was clarified when Headquarters
Bomber Command explained that H2S was required for two squadrons.
H2S Mark II was to be provided until it could be replaced by H2S Mark III
with nose scanning. H2S Mark IV, with ventral scanning, was eventually
to be substituted for H2S Mark III in the two squadrons, and its linking wth
the computer of the Mark XIVA bombsight was considered to be essential.

However, complication was added by a proviso that, as a result of trials made
with the ventral installation of H2S Mark III, it was considered necessary for
H2S Mark IV that cockpit layout should be redesigned to facilitate operation
of the H2S controls, that the distant reading compass should be repositioned
in order that interference from the H2S transmitter might be avoided, and that
a new location for a vertical night camera should be planned.*

Arrangements for a triM installation were initiated in January 1945, but the
problems set by the limited space and the variety of equipment to be carried
required careful study, and work could not in any event be started until H2S
Mark IV was available and the Lincoln installation had been completed.
Suitable locations had to be found for Gee, tunable S.B.A. receiver, V.H.F.

radio (TR.1430), separate intercommunication amplifier, I.F.F. Mark III,
Mark XIVA bombsight computer, distant-reading compass, F.24 camera.
P.P.I. camera stowage and mounting, A.P.I./.A..M.U,, Monica Mark VII, and
a six-way bomb distributor, in addition to H2S.® The size of bomb doors
had also to be decided, but the T.R.E. anticipated that adequate ranges would
be obtained if large doors were fitted ; if flight trials proved otherwise it would
be possible to substitute small doors without complication. The layout of the
H2S Mark III installation had been strongly criticised because the location of
the indicator and control unit made it necessary for the navigator to spend
most of his time on his knees. It was very desirable that the units should
both be easily accessible and at eye level so that strain and parallax were

’‘AM. File CS.24230.» A.M. FUe CS.22828. > A,M. File CS.22828.

121



avoided. The T.R.E. suggested that one way of overcoming the difficulty
w-as to arrange the layout so that the navigator faced aft, and Headquarters
No. 8 (P.F.F.) Group agreed that there was no apparent reason why such an
arrangement should not be successful. The ventral scanner would occupy
the normal camera position, so that it was necessary to find a suitable location
for the F.24 camera, and it was thought that the position used in aircraft
employed on photographic reconnaissance might be adopted. However, in
April 1945, the Air Officer Commanding, No. 8 (P.F.F.) Group learnt that the
effect of a ventral scanner blister on the speed of a Mosquito was more serious
than had been envisaged. The reputation of the aircraft had been built up
mainly on its performance and anything which reduced that performance
could only be countenanced if very definite advantages were to be obtained
in return. He considered that adequate H2S range and scanning up to 140
degrees on either side of dead ahead could be obtained if the
fitted in a perspe.x nose and located further forward than was done with the
H2S Mark III nose installation. A similar installation had been carried out by
the De Havilland Aircraft Company for the U.S.A.A.F., and the T.R.E.
confirmed that a nose fairing of better aerodynamic shape could be designed
and fitted in the same way. The requirement was therefore changed on 1 May
1945 from a ventral to a nose installation, and work on a mock-up layout was
begun on the highest priority. In June the trial installation was placed on
very low priority, and on 24 August 1945 was cancelled.

scanner were

Modification of H2S for Tactical Reconnaissance

The po-ssibility that employment of suitably modified radio sono-buoys
might be a means of enabling tactical reconnaissance to be made effective at
night and in poor visibility was investigated in October 1943.^ Although the
technical difficulties did not appear to be insuperable, it was considered that
the development programme involved in making such  a system practicable
would be too e,xtensive, and it was by no means certain that the outcome would
be successful. Early in 1944 therefore the Chief Signals Officer of No. 2 Group,
which provided tactical air support for land forces, asked the T. R.E, to
ways and means of using airborne radar for determining the density of traffic
on roads over a fairly wide area. He visualised the use of an H2S system with
a high degree of definition, which would enable roads to be observed during
the hours of darkness, and which would enable the amount of traffic using
them to be resolved.* Such a system was not, however, within immediate
reach, although current experiments with K-band, or IJ-centimetre equipment,
indicated that one might Be developed at some future date. The T.R.E
therefore considered other means of meeting the immediate requirement, and
by May 1944 had made progress with the development of H2D. It consisted
essentially of an H2S Mark II installation in which the scanner was locked in
the dead-ahead position, and ground returns were displayed on a Fishpond
indicator unit using a linear time-base. Experimental flights proved that the
presence of traffic moving along roads could be detected by a characteristic
beating response on the time-base. The beating effect was present because

the frequency of the pulse reflected from the road itself differed slightly from
the frequency of the pulse reflected from a vehicle moving on the surface of the

examine

CS.23248. See Royal Air Force Signals History, Volume VI : ' Radio in
Maritime Warfare , for details of radio sono-buoys.
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road. The area kept under observation was triangular in shape, approximately
four miles long and one mile wide at the base. There were a number of limita
tions. Since the maximum beam width was about one mile, the aircraft
had to be flown not less than half a mile to one side or the other of th6

road being patrolled. Interpretation of the beating signals was difficult and
required a great deal of skill. Two or three cars travelling at high speed gave
a response similar to that obtained from a slow-moving convoy tightly packed
over the same distance. It was necessary for the aircraft to be flown straight
and level, as during a turn ground returns were modulated in the manner
characteristic of the indications given by moving traffic. Therefore, even if
the H2D responses could, after some experience had been gained, be correctly
interpreted, and the number of vehicles moving along a road correctly assessed,
there still remained the difficulty of fl5dng an aircraft by night or in very poor
visibility with such accuracy that it was never more than half a mile from
the road.

Two problems had to be solved before the operational employment of H2D
could be contemplated; that of the correct interpretation of responses, and
that of very accurate navigation. Short-term development was completed at
the T.R.E., and arrangements were made to install H2D in three Wellington
XIV aircraft, in May 1944, when the best way of using the aircraft to find a
solution to the problems had to be decided. In view of the forthcoming
operations in Normandy it was not practicable to allot the task to operational
squadrons and, in any event, it was improbable that such squadrons were
manned with aircrews sufficiently skilled and experienced to make a rapid
and true assessment of the potentialities and limitations of H2D. It was
therefore agreed that initial trials should be undertaken by the Fighter Inter
ception Unit and, if necessary, subsequent operational trials by the School of
Army Co-operation. Higher priority was given to the H2D trials before the
end of June 1944 when, because the Allied air forces had gained complete air
superiority, the enemy was forced to restrict the movement of troop-carrying
and armoured vehicles to the hours of darkness and to periods of poor visibility :
an aircraft radar system for night reconnaissance became an urgent operational
requirement.

In order that an assessment might quickly be made of the possibilities of
H2D, the F.I.U. concentrated on tests of performance, accuracy, and ease of
operation, and an. appreciation of the training commitment involved, rather
than on an investigation of the tactics involved and the navigation problem.
Flights were made in daylight along selected stretches of fairly straight road;
and it soon became apparent that it was necessary to keep the aircraft, by means
of visual observation, within 300 yards of the road. In those circumstances

an H2D operator was able to detect movement of single vehicles with an

accuracy rated at about 60 per cent, but \yas unable to distinguish between
single vehicles and groups of vehicles. It was obvious that the results to be

expected in operational conditions, at night, would be very much inferior.
H2D could not be greatly improved technically, and was of no value in its
existing form. In July 1944 the project was therefore dropped, but the
importance of the operational requirement was again emphasised. The T.R.E.
proposed that it might be met with modified H2S Mark III used in conjunction
with a six-foot scanner, and recommended that a Lancaster equipped with
H2S Mark III should be sent to Defford in order that experiments might be
started.
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^ The Air Ministry was not immediately convinced, however, in view of the
disappointing results achieved with H2D, and required more information of
the probable operational limitations and of the date by which operational trials
were likely to be completed. In addition, the wisdom of using a Lancaster for
the purpose was questioned. It was assumed that the reconnaissance aircraft
would be required to fly at low altitudes over the battle area, and a Mosquito
appeared to be more suitable. The T.R.E. thought it most unlikely that the
modification of H2S Mark III, to be known as H2D Mark II. could be installed
a Mosquito, and because of the urgency of the need to provide a solution to

the problem of the Tactical Air Force, a Lancaster fitted with H2S Mark III
was transferred from the Pathfinder Force to Defford for experimental work
in August 1944. At the same time Headquarters AUied Expeditionary Air
Force asked the U.S.A.A.F. to undertake immediately trials in the U.S.A.
with the Magnetic Anomaly Detector and Eagle.i The employment of magnetic
detection devices held several disadvantages. The limitations of range
tated flying at a very low operational height, detection covered
only, responses were not associated with geographical position, the lack of
range and indication of bearing made location of  a detected target very indefinite,
and responses from magnetic disturbances such as power cables and railways
were likely to be the same as those from vehicles. Information about the
technical performance of Eagle was promising, and the operational requirement
had become so urgent and so vital that H.Q. A.E.A.F. urged that adaptation
of Eagle and development of a suitable British instaUation should be undertaken
concurrently on very high priority. Production was not a major factor because
only a small number of suitable installations would be required.

m

necessi-

a narrow area

The airframe alterations required for an Eagle installation were considerable
and complicated. The aerofoil had to be fitted to the fuselage in such a way
that structural and aerodynamic requirements were met, whilst ground clearance,
the area of fire of aircraft armament, and other facilities, were not adversely
affected, and pressurising and de-icing connections were required in addition to
electrical connections. It was unhkely that the U.S.A. War Department would
undertake the engineering commitment on aircraft built in the United Kingdom,
so in February 1944 the British Air Commission had arranged for a trial
installatioh to be made in one of the Liberators allocated to the R.A.F.* In
August 1944 it was expected that the trial installation would be started during
the foUowing month, when two U.S.A.A.F. Fortresses equipped with Eagle
were to be sent to the United Kingdom for H2S trials.^

The first Fortress arrived in the United Kingdom in October 1944. Trials
with Eagle for the detection of armoured fighting vehicles had already been
conducted, with disappointing results, in the U.S.A., but as the T.R.E. was
meeting with but little success in experiments with H2D Mark II, arrangements
were made for further Eagle trials to be undertaken in the United Kingdom.
However, technical difficulties were experienced with the installation, which

Boyal Air Force Signals HLstory, Volume VI: ■ Radio in
Mantime Warfare for details of M.A.D. Eagle, or AN/APQ.7, was an airborne radar

altitudes^ It worked in conjunction
wth a large aerial system, enclosed in a special aerofoil located on the underneath of the
o'f^fte^*' scanned with a very high degree o| definition a section of 60 degrees ahead
’ See also Royal Air Force Signals History, Volume VI ; ' Radio in Maritime Warfare
’ A.M. File CS.23264,
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was still not working satisfactorily late m November 1944, when the Fortress
was urgently required for trials of Eagle in the role of H2S for which it was
designed and intended. The tactical reconnaissance trials had therefore to be
postponed indefinitely until such time as the Liberator fitted with Eagle became
available. Meanwhile, although the operational requirement still existed, the
course of land warfare in France had considerably reduced its immediate urgency,
and the T.R.E. reported that very promising results had been obtained from
experiments with K-band equipment.

Development of H2S Marks VI and Vn

Experiments with K-band equipment were begun at the T.R.E. in 1943.
Research and development were guided by the aim to evolve an installation
which would markedly increase the accuracy of bombing and navigation and
reduce considerably demands on the skill and attention of H2S operators. An
important principle underlying the design was that the accuracy attainable
would ensure that, even if ah lattice and beacon navigation systems were
unusable, an economical bombing policy could be pursued. For that purpose,
navigation had to be accurate enough to enable the tactics of extreme concen
tration to be maintained. For the necessary high standard of bombing accuracy,
a reference point facility was to be provided so that an identifiable response, in
the neighbourhood of and at a known distance from the selected target, could
be used to define the release point with precision. At the same time a generous
latitude for change of airspeed during weaving, climbing and diving, and of
direction of approach, was to be permitted to the pilot. The three main parts
of the H2S function, an accurate and detailed display of responses, navigation
computing, and bombing computing, were to have a unified design so that all
data could be readily and automatically interchangeable,
contained the disadvantage of being designed to fi t in with navigation and
bombing equipments which were already in existence and were not themselves
designed to link up with H2S. The new navigation computers and bombsights
were being designed to fit in with each other and with new H2S developments, .
the first of which was known as Liontamer until eventually it was given the
nomenclature H2S Mark VII.

In order that operational experience of K-band equipment might be obtained
as quickly as possible, and because it was considered that in many circumstances
a considerable improvement in bombing accuracy could be achieved with the
existing computing devices if a higher degree of definition could be obtained on
the P.P.I., an experimental and interim installation known as H2S Mark VI,
in which the computing and bomb-aiming arrangements were much the same
as in H2S Mark IIIA, was developed. In order to minimise the time taken for
development and production, as much use as possible was made of components,
such as modulators, power units, control and switch units, which had already
been put into production for earlier Marks of H2S. Little or no work had been

done in the United Kingdom on the design of a K-band R.F, headbecause research
resources were sufficient only to deal with a certain number of projects at one
time, and it was realised that in consequence amy short-term British K-band
project would be entirely dependent on the supply from the U.S.A. of sufficient
heads. The R.F. head contained the transmitter and its modulation transformer,
T.R. and anti-T.R. cells, crystal mixers, local oscillator and A.F.C. circuits

H2S Mark IV
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and their power supplies, all the LF. amplification stages, one video stage and
a cathode follower output. The whole unit was pressurised for operating at
high altitudes with provision for maintaining the pressure by means of a
barometrically controlled electric pump.^ As the degree of definition was
increased it was essential that its value should not be impaired in the method
of presentation, and a new display system was therefore designed, whilst a
three-foot scanner with a beam width of 0*75 degrees, based on Types 63 and
71 and including several refinements, was developed. Concurrently, to meet a
Pathfinder Force requirement for an increase in the degree of definition obtained
with H2S Mark III, a six-foot aerial system known as Whirligig was being
developed.

Progress made with K-band development was reviewed on 22 February 1944.*
The T.R.E. reported that it had been possible to achieve an increase in the
sensitivity of the equipment during the previous three months and thought
that ranges up to 20 miles would be obtainable, although no firm promise could
be made. The stage of development already reached made a crash programme
practicable, since the British Air Commission had been able to obtain
allocation of 60 R.F. heads, the first of which were due to leave the Radiation
Laboratories on 25 February 1944 and most of which would, it was thought,
be delivered by late autumn. It was considered that if the early models proved
to be up to expectations it would be possible to obtain further deliveries if
more were required. That the incorporation of Whu-ligig would improve the
performance of 3-centimetre equipment was not doubted, but if it were required
to form part of the H2S Mark VI installation the extra research work involved
was likely to create a conflict of priorities at the T.R.E., as the group already
working on the three-foot K-band scanner would have to handle it. The
stabilisation and simultaneous rotation of Whirligig involved difficult problems,
as extreme accuracy, both electrically and mechanically, was required, and
complete and satisfactory overcoming of difficulties might take sbc months.
The aircraft manufacturers were unable to gauge the effect of Whirligig on the

.  aircraft performance of Lancasters without wind tunnel tests, which might
take as much as six weeks. Two schemes were being considered: in one the
aerial would rotatp in a cupola and in the other it would be located outside the
fuselage. In order that priorities might be allotted the potential value of K-band
equipment and Whirligig were investigated. No comparison of performance
could be made although it appeared that H2S Mark VI would give approximately
half the range obtainable with 3-centimetre equipment and Whirligig. The
Air Officer Commanding. Pathfinder Force, considered range to be very
important particularly when heavily-defended areas had to be avoided. The
range limitation of the K-band technique was salient, and it was thought that
eventually a hybrid system of X and K-band might be necessary, but it
decided that the continuance of K-band development was essential in order
that more information of its potentialities might be gained. Work on both
H2S Mark VI and Whirligig was to be undertaken on equal priorities, with the
proviso that if the T.R.E. met with any great difficulty in consequence, the
matter would again be reviewed. Provisional arrangements were immediately
put in hand for a crash programme of H2S Mark VI installations in Lancaster
aircraft to be completed during 1944.®
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Trial Installations of H2S Mark VI

In March 1944 the allocatiott ol R,F. heads was increased, and provisioning
action was taken for a crash programme of 100 complete sets of H2S Mark VL
By Jime 1944 preliminary flight trials had been undertaken. The best perform
ance was achieved at a height of 10,000 feet with  a maximum range of 10 miles,
and it was estimated that the elimination of known faults after further develop
ment during the next few months Would probably enable ranges of 20 miles to
be obtained at 20,000 feet. There were still many problems to be solved, and
the equipment was not really out of the research stage. Estimates of the ranges
likely to be obtained during the next six months could not therefore be made
with any certainty. The crash programme was more or less an expression of
faith in the eventual value of the K-band technique and had already stimulated
additional research in the U.S.A. it was important, however, that hopes were
not pitched too high. There was a likelihood, which had to be faced, that scatter
would occur in thunderclouds, and that would have the effect of noticeably
reducing range, although no evidence had yet been found to indicate that undue
difficulty would be experienced with ordinary cloud formation in temperate
zones. Ranges were, however, likely to be inadequate until many improvements
had been incorporated in the R.F. head. Meanwhile, it had become doubtful
whether the U.S.A.A.F. would employ K-band H2S in the European theatre
of war, and the R.F. heads being manufactured by the American firm, Sylvania,
had only a British application. It was essential therefore to maintain American
interest in the project and T.R.E. scientists were attached to the responsible
laboratories. It was not practicable to contemplate design, development and
production in the United Kingdom of an R.F. head. In any event American
valves would have to be used, and past experience had shown that it was easier
to obtain equipments containing valves from the U.S.A. than the valves alone.
The requisition order was increased to 500 heads, 200 from the Sylvania company,
and 300 of a more advanced design from the firm of Philco.

Flight trials with a three-foot scanner were continued, and during August
1944 it was agreed that the output of the crash programme should be installed
in Lancaster IV aircraft equipped with A.G.L.T. and Monica or Fishpond.^
Trial installations in a Lancaster III to be followed by a Lancaster IV were
ordered, and it was hoped to have one P.F.F. squadron equipped by the end of
the year. At the end of September 1944 the T.R.E. experinrental installation
was used to give demonstrations to representatives of Headquarters Bomber
Commcuid and to the Air Officer Commanding, Pathfinder Force.* The
Commander-in-Chief, Bomber Command thought that the installation already
showed promise of becoming sufficiently effective to warrant serious consideration
of its introduction into the Service on a limited scale, and stated a formal

requirement on 5 October 1944 for a crash prograimne for the Pathfinder Force.
To meet the requirements of a heavy bomber installation it was essential that
ranges of at least 20 miles at 20,000 feet could be obtained, but during flight
trials the effects of cloud absorption had been indicated. Responses faded
when flights were made in the vicinity of ten-tenths cloud and reappeared when
near gaps. It was apparent that cloud conditions might seriously affect the
effective use of H2S Mark VI, and further investigation on the highest priority
was requested. Mosquito aircraft were being used for low-level target marking
and it was suggested that H2S Mark VI might have great value in that role

> A.H.B./1IE/15. aA.H,B./II/69/2l5C.
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when cloud reduced its effectiveness at normal operational heights if ranges of
15 miles at 2,000 feet could be achieved.^ A trial installation in a Mosquito was
therefore made an immediate requirement, and. in addition to the Lancaster
squadron, six Mosquito aircraft were to be equipped ; if possible, three or four
were to be made available in December 1944. Although three-foot scanners
would be acceptable with the early installations, development of a suitable
six-foot scanner was given the highest priority.

It was expected that, subject to the satisfactory production of scanner units,
six Mosquito installations would be completed by the end of January 1945,
but it had first to be decided which of the various types of Mosquito was to
be used.® Headquarters Bomber Command wanted the installation to be
made in a Mosquito B Mark XX, but investigation revealed that it was not
possible because of its effect on the centre of gravity of the aircraft. H2S
Mark VI could be installed in a Mosquito XVI, but only if certain restrictions
were accepted. 4,000-pound bomb doors could not be fitted, or, if already
fitted, would have to be removed, because otherwise the forward H2S coverage
would be very adversely affected. To help correct the centre of gravity the
H2S installation would have to be installed in the nose compartment, which
would thus be denied to the bomb-aimer. If B.A.B.S. and beacon facilities
required, a Rebecca interrogator would be necessary, and that could only be
provided at the expense of the API/AMU. Headquarters Bomber Command
confirmed in October that the change of aircraft type and the restrictions were
acceptable. During the following month, at the request of the command,
the aircraft requirement was changed from Mosquito XVI to Mosquito IX,’
which was not fitted with bomb doors and was not pressurised, because the
pressurisation of the Mark XVT would be redundant in a low-level role, and the
installation of API/AMU was preferred to that of Rebecca.® By then, hopes of
using H2S Mark VI in the Pathfinder Force by the end of the year had
disappeared. The firm of Nash and Thompson expected to complete the
prototype scanner, Type 82, and stabilising platform, by the end of the month
and to deliver six crash programme models by the end of December and a further
nine by the end of January 1945. whilst the R.P.U. reported that the
number of complete equipments that could be made in 1944 was five.

A Lancaster trial installation with a six-foot scanner was completed and given
preliminary flight trials early in December 1944. The clarity and definition
of the display deteriorated at heights of 5,000 feet and above because of cloud
effect and excessive ground returns, and the installation was of no use for
operations above 10,000 feet, but at low altitude excellent results were obtained.
It was very doubtful whether H2S Mark VI installed in a Lancaster would be
of value to the Pathfinder Force, and the Chief of the Air Staff suggested that
the equipment might have an important application in a tactical role. Although
the possibility of detecting and identifying hidden annoured vehicles
slight, H2S Mark VI appeared to offer assistance for ordinary tactical
naissance and for low-level bombing because of its exceptionally accurate and
detailed definition of ground objects. It was also considered that it might
be of value, when suitably modified, for operations against schnarchel
U-boats, and trials were being undertaken, although the indications were that
equally good if not better results would be achieved with the improved version
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of A.S.V. Mark VI about to be installed in Coastal Command aircralt. The

most promising feature about the equipment was the high degree of definition
achieved at low altitudes, but it was doubtful if the operation of Lancasters
at those heights would be a practical proposition. The six-foot scanner could

not be fitted to the Mosquito, for which a three-foot scanner would have to be
used, and as a result there was likely to be a great difference in performance.
The T.R.E. felt that the results obtained were so revolutionary that it was not

worth while to lose 50 per cent of the efficiency of the equipment by installing
it in Mosquito aircraft for the tactical role, but the Air Staff considered that

it was not possible to judge without further investigation to what extent
H2S Mark VI would be useful if installed in Lancasters. Three immediate

applications of H2S Mark VI were possible; low-level marking of strategic
targets by No. 5 Group, low-level marking and attack of tactical targets in
army support, and low-level tactical reconnaissance in army support. Before
a firm decision could be made it was necessary to find out if the less well-defined

display afforded by a Mosquito installation would be operationally useful. If
it were not, then the practicability of operating Lancasters over a battlefront
at less than 5,000 feet would have to be assessed. If Lancasters could be

employed in such a role, a choice between allotting them to the Tactical Air
Force or to No. 5 Group would have to be made. Neither the air crews nor
the ground crews of the Tactical Air Force were experienced with H2S or its

test equipment, and if it were decided to use Lancasters in the tactical role,
two possibilities would be presented; that of operating the aircraft from
advanced landing grounds on the Continent and basing them on airfields in
the United Kingdom where the assistance of the T.R.E. could be. made more

readily available, or of basing them on the Continent.* Until answers to the
various questions could be found, the crash programme for Bomber Command
was held in abeyance, but arrangements were made for six Lancasters and six

Mosquitoes to be fitted as quickly as possible in order that trials in different
applications, particularly that of army support, might be undertaken in
Bomber Command where the benefit of past experience could be applied and
where T.R.E. scientists would be able to maintain close supervision.

Restrictions on Operational Use of H2S Mark VI
In October 1943 the Chiefs of Staff Committee in the United Kingdom

considered the advisability of restricting the operational use of K-band

equipment in order to avoid premature disclosure to the enemy, and strongly
recommended that it should not be employed over enemy territory in any
ciraimstances without the consent of the Combined Chiefs of Staff.* However,
the Chiefs of Staff in the United States of America did not agree, and in
December 1943 informed the War Cabinet that they took the view that the

advantage to be gained by the use of such equipment when required would
outweigh any advantage to be gained by withholding its use until it was

available in large quantities. They therefore proposed that all area and theatre
commanders should be informed of the secret character and special value of
K-band equipment, that it embodied techniques believed to be unknown to

the enemy, and that it was to be employed only when, in the opinion of a
commander, the advantage to be gained justified the risk of compromising it,
when they were to inform immediately the Combined Chiefs of Staff that it

» A.H,B./im/l75A.‘ A.H.B./11/69/21SD.
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had been used. The Chiefs of Staff in the United Kingdom remained convinced
that the unregulated use of the equipment at the discretion, of area and theatre
commanders would not be to the advantage of the Allies, and adhered to their
original views. The matter was discussed again in Washington where, on
7 January 1944, it was agreed to defer a decision until ! April 1944 unless
accelerated development and production made an earlier date desirable, and
at the beginning of June 1944 the decision was postponed until 1 September.
In November 1944 the Chiefs of Stah in the U.S.A.. after further consideration,
propounded their original views, and, after inviting the Radio Board’s
comments, the Chiefs of Staff in the United Kingdom on 28 November 1944
agreed that the time had arrived when the decision to use K-band equipment
could be delegated as suggested.

On 25 March 1945 Headquarters Bomber Command requested authority
to use H2S Mark VI over Germany, but before granting permission the Air
Ministry required an appreciation of the operational advantages likely to be
gained which could not be obtained by the use of current Marks of H2S. The
employment of H2S Mark VI in the war against Japan, after the conclusion
of the war with Germany, was being contemplated; and it was felt that its
loss over the Continent would seriously affect its operational value, especially
since it might weU prove to be the basis of post-war blind-bombing equipment.
The Commander-in-Chief, Bomber Command considered that the employment
of H2S Mark VI would permit effective attacks to be made against certain
important strategic targets, such as the remaining major oil objectives, in bad
visibility and in spite of smoke screens, when raids using other systems would
be quite impracticable. The Air Staff, however, considered that in view of
the successful and rapid advances being made by the Allied land forces, with
the unlikelihood of the establishment of any strong line of defences, and the
consequent reduction in the number of possible strategic targets, there was
only a small need for the employment of H2S Mark VI. The ch^ of Oboe
stations had been extended so that strategic targets as far east as Berlin could
be bombed with precision, and within a few days the requirement stated by
the Commander-in-Chief had been made less urgent. The scope and nature
of strategic bombing operations in the Far East were by no means certain.
It was likely that there would be suitable targets in Japan itself, but it was
debatable whether the advantages of H2S Mark VI over Mark III series were
sufficient to constitute overriding operational urgency for its use. The balance
\yas between operational urgency and security because, given time, there was
little doubt that suitable opportunities would occur for effective attacks to be
made against small targets with the assistance of equipments already
operational use. It was still not possible to define the potentialities and
application of H2S Mark VI in the army support role, and they could only be
determined by comprehensive tactical development trials which had not been
possible because the number of aircraft equipped with the installation was
limited. K-band was the last band of frequencies through which aircraft
radar equipment had progressed during the war, and it was likely that it would
be the shortest wavelength operationally usable since below it, and possibly
within it, propagation and other difficulties such as reflection from clouds and
ram impaired effectiveness. If it were not used operationally, the advantages
of the technique would be reserved to the United Kingdom and the United
States of America for future purposes. If it were certain that the equipment

m
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would be used against Japan in either the strategic or tactical role there could

be no cogent argument for not employing it for operations immediately, and
the long-term security aspect was therefore the critical factor. During the war
incompletely developed equipment had often been introduced, in small

quantities, into operational use, but on each occasion the result had been an

immediate operational advantage and an intensification of development in
return for the early disclosure of a new technique. The benefit of rapid
development depended chiefly upon the opportunities for intensive use in war

conditions. Such conditions no longer existed in the war with Germany.
The possible operational use of H2S Mark VI was limited and its immediate

introduction would not contribute any decisive operational advantage, whilst
its potential value was largely speculative.

On 3 May 1945 the Chiefs of Staff informed the Joint Services Mission in

Washington that they considered it undesirable and unnecessary to risk
compromise of security by the use of airborne K-band installations against
both Germany and Japan but thought that the advantages of using it in ships
were great enough to outweigh the very slight risk of ship-borne equipment
being captured by the enemy if all proper safeguards were enforced. They
recommended that the Chiefs of Staff in the U.S.A. should be asked to agree
to the cancellation of the authority previously accorded to theatre commanders,

and that no use should be made of K-band equipment, other than in American

or British warships, without the prior agreement of the Combined Chiefs of
Staff. In view of the technical implications involved, the matter was first

discussed by the Combined Communications Board in Washington. The
American members of the board made it quite clear that they were unwilling
to hmit the powers of theatre commanders in the Pacific theatre of war regarding
the use of such valuable equipment, and it was unlikely that the Chiefs of Staff

would disagree with the advice given them by their advisers. The C.O.S.
Committee in the United Kingdom therefore decided that, unless the Air Staff

had any strong objections, it would be pointless to restrict the use of K-band

equipment in the hopes of preser\’ing its secrecy. On 4 June 1945 the Joint
Services Mission was informed that, as it appeared that airborne K-band

equipment was likely to be used by the Services of the U.S.A., the R.A.F.
would continue to train crews and equip aircraft with H2S Mark VI for the

Far East theatre of war, and on 28 Jiily 1945 the Chiefs of Staff in the U.S.A,

were told that it was intended to use the equipment operationally in the last
three months of 1945.

Operational Trials of HIS Mark VI

By the beginning of February 1945 a. number of experimental flights had
been made with both a Lancaster and a Mosquito aircraft. Although it was
too early to draw firm conclusions, it was possible to madce an intelligent guess
at the potentialities of H2S Mark VI and to suggest probable operational
uses and the nature of the trials still to be completed. The greatly improved
discrimination, which enabled topographical features such as woods, railways
and rivers to be detected, was about twice as good in the Lancaster as it was

in the Mosquito. However, in order that the great advance in clarity and
definition might be exploited, it was necessary for the aircraft to be flown

at heights below 5,000 feet, and it appeared that heights of 500 to 1,000 feet
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would probably be the most effective. The employment of heavy bomber
aircraft such as the Lancaster at those heights over heavily-defended targets
would obviously be hazardous and would only be justified if the results to be
obtained were likely to achieve a quick and substantial dividend not obtainable
by current tactics with existing radar installations. Mosquito aircraft had,
however, already been successfully employed for low-level marking. H2S
Mark VI might therefore be more properly used in that type of aircraft, except
in conditions where the nature of the target and the surrounding country
called for the higher degree of definition provided by the Lancaster installation.
The danger of loss of Lancasters in such circumstances might possibly be
reduced by the provision of tactical support in the form of low-flying Mosquito
bomber and fighter aircraft to distract enemy defences and to draw off fire
from the heavy bombers. In accordance with the importance attached to
enemy oil production by the Combined Chiefs of Staff, the Air Staff considered
that the targets meriting first claim to such a specialised form of attack
the major oil installations in Germany. In addition to the probable ability
of aircraft equipped with H2S Mark VI to mark such difficult targets even
when a smoke-screen had been laid, the accuracy of marking was likely to be
far greater than that achieved against targets beyond the range of Oboe by
methods possible with existing equipment. The Minister of Aircraft Pro
duction had been asked to ensure that three Lancasters and three Mosquitoes
equipped with H2S Mark VI were delivered to Bomber Command by the
middle of February 1945 so that they might be used against major objectives
as soon as possible.

One of the outstanding features of the Lancaster H2S Mark VI installation
was that it enabled bridges over sizeable rivers to be detected at night and
when visibility was poor, a factor which was likely to be important at that
stage of the war, Baillie bridges spanning rivers more than 70 yards wide
had been detected quite clearly, and it was probable that gaps in bridges
which had been destroyed could also be observed. As the German land forces
were driven westward, it was likely that the permanent bridges spanning the
Rhine would be destroyed by Bomber Command, and the enemy would be
forced to rely on pontoon or other temporary bridges and ferries. It
improbable that the river would be so spanned during the hours of daylight
when visual reconnaissance by aircraft was feasible because of the danger of
air attack. The enemy would thus be forced to take advantage of bad weather
and darkness, and in those circumstances H2S Mark VI might well deprive
him of the tactical advantage he hoped to gain. It would be possible to locate
the presence of pontoon bridges or regular ferry services with great accuracy
and it might be possible to pass the information to a strike force of heavy
bombers as a reference point, so that the target could be attacked by means of
Oboe or Gee-H when direct observation of the ground or ground markers was
impossible. Similarly, it might be possible to mark cross-roads or villages
through which the enemy was passing, in order to cause a ‘ bottleneck The
experimental flights had shown that in certain circumstances concentrations of
tanks or vehicles in open country could be detected by H2S Mark VI, but only
when the approximate location of the concentration was known. Because of
the mass of other detail which appeared on the P.P.I. it was improbable that
an H2S operator would succeed in determining with certainty whether a
particular response was caused by such a concentration or by objects such as

were
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small buildings. It was possible to detect convoys on roads not lined with
trees, but there were only a few such roads on the Continent. It was possible,
however, that information of the movement of road convoys could be derived

from a close study of P.P.I, photographs. The area covered by Mark VI
at a height of 2,000 feet was approximately a circle of S miles radius, and a
path about 10 miles wide could therefore be swept by one aircraft. If regular
flights were made nightly over a battle area, especially in bad weather and
when there was no moon, which, it could be assumed, would be the periods
when the enemy was most likely to increase the movement of his forces, only
a very small force of aircraft would be required. Since the value of such
reconnaissance depended on the regulaur and intelligent interpretation of P.P.I.
photographs, it might be necessary to ojaerate from advanc^ landing grounds
where the photographs could be developed and examined without delay. It
was appreciated that the work involved in as^ssing the value of H2S Mark VI
for low-level reconnaissance would take a considerable time, and would

probably necessitate the compilation of a P.P.I. mosaic for careful study amd
appreciation. It was therefore thought advisable that further trials in that

role should be undertaken only after the completion of those required for
strategic and tactical bombing.

Three Lancasters equipped with H2S Mark VI and six-foot scanners were

delivered to Bomber Command at the end of February 1945, when three more
aircraft were expected to arrive, within a few days.* A special flight was
formed within the organisation of No. 3 Group with the object of determining
the best way of using the reference point marking technique against oil targets
so that the aircraft could avoid flying over heavy defences, and of training
air and ground crews with H2S Mark VI. Delivery of Mosquitoes did not
begin until the first week of March when technical difficulties experienced with
the installation had been only partially cleared, and they were not yet ready
for operational use. They were allotted by Headquarters Bomber Command

to a No. 5 Group station, where training was concentrated on endeavours to

exploit the potentialities of the aircraft installation for low-level target marking.
On I March 1945 Headquarters 2nd Tactical Air Force stated an urgent
operational requirement for two or three Mosquitoes equipped with H2S
Mark VI. It was considered that they would be of great value on night
reconnaissance to determine enemy activity on the approaches to, and the
crossings of, the Rhine. The possibility of withdrawing the aircraft from
Bomber Command was examined, but the Mosquitoes were suitable only for
training purposes at that time. It was, however, expected that additional
aircraft could be made available early in April for allotment to the Tactical
Air Force. The wisdom of dividing the few aircraft equipped with an entirely
new installation between three separate formations so that each could develop
its own operational metliods was questioned. Much of the preliminary work
was bound to be common to all three, and there was a danger of overlapping
and a lack of mutual consultation. Proposals were made for all the aircraft
to be operated from one airfield as an experimental unit, to which could be
attached representatives of the various users, in order that flying and training
resources could be more economically applied. When the degree of usefulness
in the various roles had been assessed, the requisite number of aircraft and

* A.H.B./II/69y2l5D. The first aircrait arrived on 15 February and the sixth on 14 March
1945.
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trained crews could be transferred to the operational command or‘group
concerned. By 8 March 1945 the Allied land forces were on the west bank
of the Rhine, and enemy forces had already crossed, or were crossing, the
river, so the immediate value of H2S Mark VI to the Tactical Air Force -,
already much reduced, whilst it was uneconomical and impracticable for the
command to develop the equipment because of a lack of facilities and experience.
However, the Air Ministry considered that, although a special development
flight would be ideal, it was not practicable because manpower limitations
precluded the formation of new units and because Headquarters Bomber
Command was unlikely to agree to the proposal. Arrangements were made
for all further development and training to be undertaken within Bomber
Command, but Headquarters No. 5 Group was to transfer one Mosquito to
No. 3 Group,, to which Tactical Air Force aircrew and servicing personnel, and
Army oSicers, were to be attached, whilst Headquarters No. 3 Group was to
transfer one Lancaster equipped with a three-foot scanner to No. 5 Group to
facilitate the training of navigators. When personnel of the Tactical Air
Force were considered to be adequately trained, and if H2S Mark VI was
thought to be of use operationally, aircraft were to be flown to the Continent.

was

Meanwhile, further development of the installation to enable it to be used
effectively at higher altitudes was continued at the T.R.E. because the
limitations Were believed not to be fundamental, but efforts to meet the
specifications laid down by Headquarters Bomber Command were unsuccessful,
^d modifications were incorporated to improve performance at low altitudes

spite of the fact that they made the installation unusable at high altitudes,
and the low-level version was known as H2S Mark VIA. In the Lancaster
installation a second P.P.I. display with camera mounting was made an
operational requirement so that continuous P.P.I. photography could be
achieved. By the beginning of April there were eight equipped Lancasters
No. 3 Group and six first-class specially selected crews had been fully trained,

and three equipped Mosquitoes and six fully trained crews in No. 5 Group.’
The stage had been reached when training and trials had been completed and
the group commanders felt that no further useful development work could
usefully be done without operational trials over Germany.* However, until
permission was obtained, the equipment could not be flown over kemy
territory.

in

m

By the middle of May the Lancaster Flight contained nine aircraft fully
equipped with H2S Mark VI, and 10 crews had been fully trained. Nearly
800 hours flying had been accomplished on trials and training in the strategic
and tactical target marking and bombing roles, and results showed that the
best performance was achieved at 2,000 feet. Below that height more detail
was obtained but the display was confused by radar shadows, an effect which
was of special importance when a built-up area formed the target, because
the shadow of one building hid another and broke up the outline. At 3,000 feet
the strength of responses deterioriated and at 5,000 feet only the strongest
echoes were observed. The optimum height for operations with’the installation
was necessarily a compromise between tactical considerations and the height
at which responses were sufficiently clear and detailed to be effective, and
that appeared to be 3,500 feet. At that height an improvement in performance
was effected by tilting the scanner four degrees downwards. The average range
‘ A.H.B./II/69/21SD. ~ ~~

134



at which landmarks could be clearly identified was from three to seven miles,
depending on the nature of the response source. Trials showed that the install
ation could be used to locate and bomb accurately such small targets as villages,
isolated factories, railway stations, and ships, and any one of such targets
or even the comer of a wood could be used as a reference point to bomb map-
reference positions which gave no response on the P.P.I. Early bombing
results showed average errors of 200 yards with a tendency to overshoot, but
after modifications had been made, average 'Errors were reduced on some
occasions to as little as 70 yards, aird with further modifications to eliminate
certain known errors, it would be possible to improve accuracy appreciably.
An excessively long approach run was not essential, and it was considered that

if certain factors were taken into account when operations were planned,
H2S Mark VI compared favourably with any other system. The greatest
limitation in the planning of an attack was the necessity to avoid flights over
targets which were heavily defended*, especially with light anti-aircraft guns,
but it was possible that offset bomb-aiming might enable that to be achieved.
In July 1945 it was considered that maintenance of the Lancaster flight at
its existing strength was no longer justified, and four aircraft and six crews

were added to the establishment of the Bomber Development Unit. Full-
scale tactical trials were authorised on 31 August 1945.

In May 1945 an operational requirement was stated for H2S Mark VIA to
be installed in ten of the Mosquito B XXXV aircraft included in the low-level
marking force for the Far East, and on 26 May Headquarters Bomber Command
requested approval for the formation and official establishment of a training
and development flight. In view of the requirements for the projected operations
against Japan intensive training and further trials in the bomber role were
considered essential, and trials in the army support role were still to be completed;
authority for the formation of a special flight of six Mosquitoes was therefore
granted in June. The Tiger Force intended to use one Mosquito fitted with
H2S Mark VIA to mark the target from low-level for a bombing attack, instead
of several aircraft carrying flares and indicators. It was expected that not only
would greater accuracy be obtained, but also that  a greater weight of bombs
would thus be dropped, since the normal ‘ backers-up ’ would be able to carry
a full bomb load. The effectiveness of the attacks would depend entirely on
the accuracy of the marking, and intensive training was therefore essential.^
When hostilities ceased and work on preparing Tiger Force was stopped* seven
of the ten Mark XXXV aircraft were nearly completed. Arrangements were
therefore made for the installation programme to be continued, although further
production was stopped, and the aircraft were stored until the policy for the
future was decided. , In October 1945 two of them were transferred to the Bomber

Development Unit for extended trials.

Projected H2S Development

H2S Mark VI was of greater potential value to the scientist than to an
operational user, because of its limitations in range and height, and the essential
requirement was an installation that would afford  a very high degree of definition
with no restrictions on height and range. Although H2S Mark VII was
designed to incorporate the Philco type of R.F. head, all orders for the components
were cancelled, since it was considered that the expense was not justified for

‘ A.H.B./ID/12/HS. K-band H2S.
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further experiments on the I J-centimetre wavelength.* The major development
programme to be undertaken at the T.R.E. was on an installation, tentatively
known as H2S Mark IX, for the projected Canberra bomber, which was being
undertaken on a new K-band wavelength, 2i centimetres, and on X-band,
until trials revealed which provided the best solution. For experimental work
H2S Mark VIII, working on the wavelength of 3 centimetres, which was very
near the new wavelength, could be used. The greater power possible with
X-band, and the much smaller^mount of attenuation caused by atmospheric
absorption, enabled much greater ranges to be obtained. With H2S Mark VIII
ranges of 60 to 80 miles against coastline, and of about 100 miles with X-band
beacons, at heights up to S.'i.OOO feet, were expected.*
In addition to the. normal requirements of simplification, weight reduction,

and an increase in reliability, which were common to all forms of airborne
radar equipment, the further development of H2S contained many possibilities
at the end of the war.® One of the most important, perhaps, was the need for
increased accuracy in reference point bombing. Results had indicated that
compass errors caused by periods of weaving had contributed to bombing
inaccuracies. There were fundamental difficulties which prevented the improve
ment of the compass itself during .such periods, and alternative methods
required. One proposal was the use of two suitably situated reference points
and the elimination of compass error by matching both on the P.P.I. display
to two markers by feeding in a correction to the compass input. Another,
the same basic principle, which showed distinct promise, was to superimpose

the normal P.P.I. di.splay a radar picture of the target area previously
obtained by a reconnaissance sortie. A higher degree of definition was still
required. For the ranges needed in high-level bombing a very short wavelength
could not be used alone because of atmospheric attenuation, but a very narrow
beam width was clearly advantageous. The design of a hybrid installation,
using a very short wavelength for definition and  a longer one for range, was
therefore being considered. A common modulator and scanner reflector was
obviously possible, and with care in design, many other components could be
made common so that the additional weight and complexity involved need
not necessarily be prohibitive. With the e.xisting systems of navigation and
bombing, one of the most likely causes of operational error, as distinct from
instrument error, was the need for finding wind velocities. If the speed of the
aircraft could be automatically determined by the radar .system, improved
accuracy and ease of operation would result. The use of doppler beats from
the ground echoes enabled speed to be measured. Tests had shown that
accuracy on track of half a dt^ee could thus be obtained, and experiments
were being made on X-band which might enable complete automatic doppler
navigation to be effected. The design used an H2S system with a special
scanner which could, however, also be used for producing the ordinary P.P.I.
display. As neither doppler navigation nor H2S needed to be operated the
whole time, it appeared very likely that the same equipment could be used for
both functions. Although not of major importance, the use of a two-coloured
cathode ray tube with suitable gain switching, so that built-up areas appeared
blue, open country orange, and water black, was being considered.

> A.M. FiieCS.2^0. ~~ ~—'

* X-hand responder beacons had been developed and were expected to be in Service use
before the end of 1945.

“ A.H.B./II/69/21.SD.
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The factor dominating' all projected developments was the improvement of
H2S performance coupled with, if possible, a reduction in weight and an increase
in simplification and reliability. If proposed advantages implied increased weight
and complexity, a careful appreciation was required. Additional complexity
involved a greater likelihood of breakdown, increased difficulty in servicing,
greater delay in manufacture, higher initial cost, the provision of a larger
number of spares, and perhaps most important of aU, a higher standard of
aircrew and training. H2S was to some extent vulnerable to jamming and
homing, but the latter danger could be countered by intermittent use for short
periods, whilst the narrow moving beam relying solely on reflections from the
ground was very difficult to jam. When used for navigation the equipment
scanned downwards, and jamming resources would therefore have to be very
widespread, whilst jamming at the target could be overcome by judicious choice
of an approach route and the use of the reference point bombing technique.

Bomber Command Requirements at the End of the War

At the end of the war, amongst the many radar requirements stated by
Headquarters Bomber Command to be necessary to enable the command to
fulfil its future operational commitments, was one for a navigation and blind
bombing system independent of ground transmitters, and therefore unlimited
in range, but incorporating facilities for using beacons.^ Many features and
specifications were to be made common to all the airborne equipments required.
The existing aircraft radar installations, almost without exception, had, through
force of circumstances, not been fully engineered. Little change in design had
been effected between a laboratory model and an equipment eventually installed
in an operational aircraft, with the result that in many instances installations
were clumsy and bulky, unsatisfactory from the point of view of both the air
operator and the ground radar mechanic. Miniaturisation was required to the
fullest possible extent in order that weight and size could be reduced to a

minimum. With the advent of jet engines for aircraft, operational heights
would be very much increased, and equipments were required to be completely
pressurised, and since it was essential that bomber aircraft should be capable
of operations anywhere in the world without modification of radar equipment
being involved, completely tropicalised. In order that the provision of requisite
space, whilst design of a new aircraft was still at the drawing board stage,
could be simplified, standardisation was required. The ideal was that every
aircraft radar equipment should be completely contained, apart from aerials
and in some instances indicators, in a standard unit which could be installed

in, or removed from, any aircraft quickly and easily. External cabling was
required to be reduced to a minimum, and the terminations to be robust, reliable
and easily accessible. As the dimensions of aerials were likely to increase, it
was important that development should be aimed at fitting them within the

fuselage or wings of aircraft. It was also important that the main electrical
power supply should not be affected by variations of engine speed, as otherwise
the performance and serviceability of airborne radar equipment was impaired,
and the provision of an auxiliary power supply was essential. Universal
equipments and indicators which combined several functions were considered

to be unnecessary for heavy bomber aircraft. They possessed the serious

‘ Bomber Command O.R.B., October 1945.
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limitation that any unserviceability might involve the loss of more than one
radar system, and inevitably tended to be less efficient in performance than
were equipments specifically designed for one purpose only. It was considered
that the combination of miniaturisation, standardisation, and good engineering
would result in a reduction Of weight and dimensions adequate for large aircraft,
but in view of a possible requirement for small bomber aircraft in which the
saving of space was essential, there was a requirement for the development of
universal equipment. All installations were to be designed to be as immune
as possible to effects of interference and countermeasures. The development
and production of test equipment was required to be undertaken simultaneously
with the development and production of the main equipments so that there
was no time lag between the introduction into Service use^of the two, and such
introduction was to be preceded by that of the appropriate ground trainer.
The specific requirements for H2S included an accuracy of about 100 yards

average radial error at all bombing heights, which were to range from 500 to
50,000 feet. Presentation was required to be of high definition and unaffected
by cloud, showing clearly and accurately the main features of the terrain
which an aircraft was flown, with facilities for obtaining precise navigation
fixes. Ranges of 200 miles for beacons, and 100 miles for ground detail, were
required, with a high standard of discrimination of detail at the shorter ranges.
A variable sweep delay was to be incorporated to permit magnification of a
portion of the presentation on any of the scales, which were to range from one
in two million to one inch to the mile, and the plan position indicator was to be
at least 10 inches in diameter to enable the large scales to be fully utihsed.
The bombing indicator was to be separate from that used for navigation, and
was to be developed solely as an efficient radar bombsight. In order to facilitate
the building up of a high-definition picture of a target, stabilisation was to be
incorporated, and the equipment was required to be linked to the navigation
and bombing computor so that data could be fed continuously to the computer.
A pilot’s track and release indicator was also to be fitted, and it was to be possible
for the P.P.I. display to be automatically photographed and recorded,
continuously or as required, without interference with the H2S operator's
presentation.

over
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CHAPTER 5

GEE MARK I

The first proposal for using radar-tjrpe pulse transmission as an aircraft
navigation system was made in 1938 by Mr. R. J. Dippy, a member of the
stafl of the Bawdsey Research Station, but the main emphasis was, at that
time, on daylight precision bombing and no special navigation problems were
envisaged. Before the end of 1939, however, the severity of oar losses in
daylight attacks against German naval units compelled the Royal Air Force
to adopt a policy of night bombing and the question of accurate navigation
and the location of targets in darkened Europe became of paramount
importance. The idea of a radio aid to navigation was discussed by the
Committee for Scientific Survey of Air Warfare and its sub-committee on
radio research in the spring of 1940, and Air Marshal Sir Philip Joubert de la
Ferte, the Assistant Chief of the Air Staff (Radio), visited the Air Ministiy
Research Establishment and informed the scientists of the urgent need of
Bomber Command for a device which would enable bomber aircraft to reach

a point within five miles or so of a target in face of enemy defences and the
hazards of bad weather,^ On 24 June 1940 Mr. R. J. Dippy submitted a
scheme for assisted navigation, similar in principle to his 1938 project, but with
the additional advantage of target-finding by grid reference as well as homing
back to base. Four da}^ later Sir Philip Joubert de la Ferte requested the
Directorate of Communications Development to initiate experiments with
the system as a matter of urgency.* The code name  ' G,’ short for the grid
or network of position lines which were laid over  a specific area, was adapted
in July 1940 and later changed to ' Gee' for security reasons.® The object
of Gee was to provide a means of navigation by which the pilot of an aircraft
could obtain information of his position in the area served by the system,*
The system consisted of the reception in an aircraft of pulse transmissions from
three transmitters situated as widely apart as practicable, one acting as a
master station and transmitting pulses of a particular shape at r^ular intervals,
while the two slave stations transmitted simple pulses. The slave stations
were locked by radio means to the master so that the transmission of the pulses
coincided in time, and by reading off the distance between them on the time-
base of a cathode ray tube in the aircraft and comparing the results with
co-ordinates on a specially prepared lattice chart, it was possible to find the
geographical position of the aircraft.®

‘T.R.E. Fite D.1666. The Air Ministry Research Establishment became the Tele
communications Research Establishment in May 1940.
•T.R.E, File D. 1235.

‘ Mr. Dippy anticipated that three transmitters placed in line about 100 miles apart
would cover a sector of 100 degrees on either side of this line extending to 350 miles range.
The accuracy of this positioning would then be in  a diamond of about 3- 5 miles in len^
and one mile wide at Uie extreme range, being correspondingly smaller at shorter ranges.

• M.A.P, File SB.9314. • A.P, 2557.
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Early Development of Gee
On 28 June 1940 a transmitter and receiver were allocated to the T.R.E.

Swan^e, and a programme of work on Gee was drawn up. The T.R.E. was
to build a small-scale model of the proposed system in order to provide data
on which a decision might be made about the actual operational requirement
for Gee. At the same time investigations were to be made into an additional
system termed ‘ H * which was similar to Gee but involved radiation from the
aircraft. Besides the normal laboratory work on the equipment, flight tests
were to be made to discover the probable range of the system, and from the
results of these trials a decision could be made on establishing the full-scale
Gee rnethod. A Blenheim aircraft was accordingly fitted with a receiver
operating on 22-7 megacycles per second with a cathode ray tube presentation
unit, and on 27- July 1940 a flight was made from Hum to discover the
range at >vhich a pulsed transmission could be recorded. ‘  The back radiation
of the C.H. station at Worth Matravers was used, and signals were received
at a height of lO.iXlO feet over Newcastle-on-Tyne, approximately 300 miles
away. Having checked the range possibilities, the next step was to try out a
two-station chain in operation. Sites were selected, at Hum and Worth
Matravers, givrag a base-line of about 20 miles. The transmitters worked
on 51-9 megacycles per second and a power output of 50 watts was fed into
simple aerial systems on 70-foot masts. New airborne receiving equipment
was built to correlate the transmission-s from each ground station and
installed in an Anson aircraft, which soon resembled a flying power house.
Excluding the rather large power source of 50-cycle alternating current, the
equipment measured five feet by two feet by two feet.

was

The first flight using a two-station Gee chain was made on 19 October 1940,
and, with the aid of a pre-calculated lattice chart made up of hyperbolas of the
phase difference between the two stations, the aircraft position was fixed, and
it was found possible to home along the position lines. The only weaksiess
was found to be the airborne filter, which was disturbed by interfering signaLs,
causing the time-base to come out of lock frequency'. This filter was later
replaced by' a crystal oscillator, and on a flight in December, the equipment
appeared to be satisfactory’; an outstanding performance was the reception
of both signals at a range of 111 miles at a height of 5,000 feet,
meetings had been held between representatives of Headquarters Bomber
and Fighter Commands, the Directorate of Communications Development and
the Telecommunications Research Establishment, to consider the relative
po.ssibUities of the Gee and H systems and at a C.T.E. conference
17 October 1940 it was decided that work should continue on Gee although at
that time there was no demand for H. A signals officer and a navigation
officer from Headquarters Bomber Command visited the T.R.E.
14 October 1940 and gained their first experience of Gee when they made a
flijght in the Anson on 15 November. They were very favourably impressed
with the results of this trial and considered that Gee would provide the r::
to many Bomber Command navigation problems if the claims made for it in
regard to range and accuracy could be substantiated, and if its stability i
aircraft could be ensured. At that time, however, the T.R.E. could give no
guarantee of ranges or accuracy until further trials had been carried out in
varying atmospheric conditions at different times of the year,*

« T.R.E. File D.ie66
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The Air Officer Commanding-in-Chief, Bomber Command, on the strength
of the reports, recommended on 22 November 1940 that the provision of Gee
should be treated as a matter of great urgency.^ He realised, however, that
some considerable time would elapse before aircraft could be fitted in quantity
and he therefore suggested that a small number of hand-made sets be produced
immediately in order that some benefit might be obtained from them during
the coming winter. He visualised the use of a few specially equipped aircraft
to locate targets and start fires for the guidance of the following bombers, a
technique similar to that used by the enemy. To minimise maintenance and

training problems, the sets could be allocated to one squadron only. The
proposal was agreed to and the Telecommunications Research Establishment
was instructed on 2 December 1940 to begin the construction of 12 aircraft

equipments for use in a Wellington squadron of Bomber Command.® The
number was increased to 24 later in December 1940 although it was realised that

it would mean dela5dng completion of the programme until April 1941.® In
February 1941 the Director of Communications Development asked for a ruling
on the future operational use of Gee, as without one it was imp)Ossible to plan
further requirements. There were two schools of thought on the use of Gee
in the event of trials proving successful* The equipment could either be
installed in a limited number of aircraft only for specialised use as fire-raisers,
thus enabling its introduction to be speeded up, or it could be installed in all
bomber and maritime aircraft, involving a considerable delay in its introduction
into operational use.

As an exponent of the first view the Director of Signals considered that

because of the experimental state of the whole system it was necessary to assess
the performance of Gee in short Service trials before coming to a conclusion
about its use, even at the risk of seriously delaying extension of the system to
other squadrons. If this were not done and it were found that a great many
modifications were needed then there would be a quantity of useless equipment
left on hand.® Opposed to the delay was the Superintendent of the Telecom
munications Research Establishment who on 16 June 1941 urged the Director
of Communications Development to take a chance on the success of Gee and to

drive ahead with installation in a large number of aircraft.® No one knew
how long it would be before the enemy could counter it, and it was therefore
very important that full use should be made of Gee in the limited time before

it was rendered useless by jamming or interference. He felt that the proposal
to install Gee in only a few aircraft was very dangerous, as one or more instal

lations were fairly certain to fall into the hands of the enemy, and he considered
that the story of the tank in the First World War was analogous.
Meanwhile, by the end of 1940, sites for the first chain of Gee ground stations

had been chosen to give eastward cover over Germany, particularly the Ruhr
area. In a choice between the Daventry and Rugby British Broadcasting
Corporation transmitting stations, Daventry was selected to be the master

station because of the high voltage gradient at the top of the Rugby masts.
The two C.H. stations at Stenigot and Ventnor were adopted as sites for the
slave stations and in February 1941 it was arranged for the chain to be

monitored from Great Bromley C.H. station,^ The sites were not decided

> A.H.B./1IE/24. Memo, oa the introduction of TR.133S into Bomber Command.
» A.M. FUe S,951S.

«T.R.E. FUeD.1235,

“T.R.E. FileD.1235. * .A.M. FUe C.30486

»A.M. File C.30486/46.
/46.

’ A.M. File S.8135.
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upon without opposition. Headquarters Bomber Command thought that a
more forward base-line should have been chosen in order to obtain maximum
range from the equipment.^ The T.R.E. considered the sites to be highly
unsatisfactory from a technical point of view.= The frequency of Gee had been
fixed at 53-7 megacycles per second in order not to interfere with the B.B.C.
broadcast wavelength but this would cause the second harmonic of one of the
Stenigot frequencies to interfere with the locking of the Gee stations. Ventnor
w'as considered to be far too vulnerable to enemy attack. Any additional
equipment installed at an A.M.E.S. site would always tend to increase the
risk of attack, and would possibly prejudice the technical performance of the
stations. The objections were, however, overruled at a conference at the
Ministry of Aircraft Production on 21 December 1940, They were considered
to be of less importance than the advantages gained, the most important of
these being speed. The four sites were to be employed unless the transmitters
could be moved to new positions before the 24 aircraft sets were ready, but,
whatever transpired, the Director of Signals required the ground installations
to be completed by 31 March 1941.®

The Gee system as a whole was under the operational control of Headquarters
Bomber Command through Headquarters No. 3 Group, although technically
the ground stations came under the control of Headquarters No. 60 Group.* By
9 June 1941, two months beyond the target date, two receivers were ready to
be despatched to the slave stations, transmitting aerials had been completed, but

transmitters had arrived because of delay in obtaining valves, and the
buildings were not finished. Nevertheless, despite the incomplete state of the
ground stations, it was decided at a conference at the Air Ministry on 9 June
1941 that Service trials should begin in the first week of July.

First Sendee Trials, and Postponement of Operational Use

A programme for Service trials had been drawn up in May 1941, An
experimental full-powered transmitter was erected looking north from Worth
Matravers, the aerials being mounted on a 350-foot tower and the aircraft
equipment, now powered by a 1,000-watt generator and considerably smaller
in size, was installed in a rather ancient Wellington. During the first flight,
which took place on 15 May 1941, signals from Worth Matravers were received
20 miles south of Dundee at a height of 10.000 feet. This was equivalent to a
range of about 400 miles and showed an increase of 50 miles on the previous
experiments. However, an unforeseen obstacle threatened to delay the Service
trials. It was the provision of suitable detonating apparatus for the destruction
of airborne Gee equipment should it be likely to fall into enemy hands. Head
quarters Bomber Command wished to forge ahead with the trials and considered
that if detonating equipment could not be produced immediately, it was worth
while operating without it and accepting the risk of capture, s A meeting was
called at the Air Ministry on 14 July and the question was raised whether Gee
‘ A.M. File C.30486/46. * T.R.E. File D.I235. » A.M. File C.30486/46.
* A M. File S.8135. Headquarters No. 60 Group was to arrange the erection of aerials

and Uansmis^on lines at btenigot. Ventnor and Great Bromley (T and R arrays at the
nrst two and R array only at the last) and was to be responsible for the maintenance of all
^chnical eqmpment All ground personnel at the C.H. stations were administered by
pereo^el ° through the Signals Wing Headquarters, the B.B.C. providing servicing
»A.M. File C.30486/46.
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was to be regarded as a navigation aid or as a means to assist aircraft captains
to locate targets. If the former, then there would be no need for aircraft to

fly over enemy territory during the early stages of the trials. The answer to
this could only be given when some idea of the range and accuracy of the system
was obtained. The T.R.E. was prepared to guarantee a minimum range of
200 miles with aircraft flying at 15.000 feet. Positioning accuracy at those
ranges would be an area approximately h5 miles by  0- 6 miles with correspond
ingly greater accuracy at reduced ranges. It was impossible to state the

maximum range to be e.\pected. Experience of V.H.F. propagation indicated
that the maximum range varied according to the seasons of the year and the
conditions of ionospheric density. It was decided that trial installations should
be made in various types of bomber aircraft and that the Director of Armament

Development should be asked to devise an interim destruction equipment
within tw'o weeks,without which no Gee-fitted aira^ait w'as to fly over Germany.*

Before a final decision on opierational policy could be made the production
angle had also to be considered. Each aircraft receiver was equivalent to three
A S.V. receivers as far as components were concerned. Mass production of
receivers to provide one for each bomber aircraft was held up because of the
great difficulty in manufacturing one of the valves (Type E.50) in sufficient
quantity. There was no capacity in the U.S.A. for producing the valve and
MuUard was the only firm in Britain who had succeeded in making it. Other
firms had tried and failed. This meant that maximum mass production could
not possibly be reached in under 12 months. The outcome of the conference
was that production of 300 hand-made sets was to be started at once.

The Gee ground stations were completed by 9 July except for the receivers
at Great Bromley, Personnel were available and telephone lines had been

connected. Two aircraft of No. 115 Squadron. Marham, were fitted with Gee

and four more were scheduled to be ready by 14 July. Groxmd training had
started on 7 July, air training was about to begin on 14 July, and the trials
were to start three days later. The trials actually began on 17 July 1941 with
four Gee aircraft from No. 115 Squadron flying over the North Sea. Over a

period of ten days the trials showed that the ground equipment was not yet
giving results reliable enough to make Gee the principal means of navigation
during operational flights. Detailed examination of the results obtained up to
23 July 1941 were made by Headquarters Bomber Command, and while it-was
proved that extremely accurate fixes could be obtained with ease when the

system was working satisfactorily, it was also shoivn that out of 17 flights made
only six were completed without a breakdown of the ground stations. The
flights were of short duration compared with sorties into Germany on which,
it could be assiuned, a higher percentage of failures would have occurred. For
three consecutive days no flying was possible owing to unserviceability of the
ground stations. Investigation of their poor performance showed that most of
the failures could be tracked down to power supply troubles, failure of rectifier
valves, and weak radio links between Daventry and Ventnor. Once these were

dealt with there was considerable improvement in the performance of the ground
organisation.*

‘ Only the heavier types o( bomber aircraft were considered to be suitable and the
following were selected for trial installations.

Wellington.
J..ancaster.

Manchester.
Warwick.

Liberator.
Albemarle.

Stirling.
Halifax,

« A.M. FUe C.30486/46.
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Operational trials began in the first week of August although all the 24 aircraft
sets had not yet been delivered. For these trials hyperbolas of the ground
transmissions were projected on to the navigator’s maps by means of a film in a
modified astrograph. On 2/3 August 1941, four flights were made over the
North Sea up to a distance of approximately 180 miles from Marham, all four
aircraft navigating by Gee, without the use of W/T. In each instance the pilot
described the accuracy as uncanny. On the night of 11/12 August two Gee
aircraft operated over the Ruhr and obtained fixes which were very accurate
indeed. Both airCTaft found Munchen Gladbach. which was their target area,
and bombs were aimed accurately by the use of Gee co-ordinates for establishing
the release point. On the following night, two aircraft operated over Hanover
and one failed to return. This led to a major change in Gee policy, but not
before a third raid had been made by two Gee airo-aft on 14/15 August, again
over Hanover, both returning safely.

It had been hoped to put the Gee system into general operational
as possible, but with the loss of the Wellington over enemy territory the Gee
policy was immediately reviewed. At an emergency conference on 18 August
1941 the Chief of the Air Staff ruled that all tests—operational,  technical
training—were to be stopped at once.* No operational use of aircraft equipped
with Gee fittings was to be made until all traces of the installation were removed,
and the great need for secrecy was to be impressed on all persons who had been
connected with Gee.'* At the request of the Chief of the Air Staff, Sir Henry
Tizard held a meeting on 20 August 1941 to collect advice on the future use of
Gee.s The meeting was told that it was impossible to say from Intelligence
sources whether the enemy would learn anything from the missing aircraft.
No signals had been received from it and no one had seen it go down. As for
the chances of the Gee equipment being destroyed, there were ten detonators
which could be set off by the pilot, wireless operator or navigator. Mr, Dippy
had attached great importance to the destruction of the crystal, and detonators
had been provided accordingly. The aerial itself would give nothing away, but
although the R.A.E. had made destruction tests on separate parts of the equip
ment, none had been made on the complete assembly in an aircraft. Sir Henry
Tizard thought that it could not be assumed on those grounds that destruction
would be adequate to prevent the enemy obtaining any knowledge of the
system, and that the obvious attempts to destroy some part of the aircraft
would incite the German Intelligence branch to trace the meaning of the
installation from every possible source.

As it was possible for the enemy to locate the three ground stations by means
of direction-finding systems, the meeting agreed that they should be unlocked,
the double pulse removed from Stenigot, and the stations closed down one at a
time. Daventry to be the last; after faked failures, the actual taking off the ai
to occur during bomber operations.* Further meetings were to be arranged to
discuss jamming and spoofing. It was anticipated that when Gee was introduced
into the Royal Air Force its useful operational life would not be more than five
or six months at the maximum. It was not likely that Gee would be jammed
the United Kingdom ; more probably attempts would be made to jam it
its normal limit of range, in which case Gee would still be effective for homing

> A M File €.30486/48.
‘ A.M. File C.30486/46.
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«The aircraft were actually allocated to O.T.Us.
• A.H.B,/I1E/100. Gee and Oboe.
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back to base and for part of the way towards target areas. After weighing up
the arguments for and against the immediate use of the few Gee sets available,
or waiting for an increase in supply, the conference decided that no more
operational flights were to be made until the first 300 sets were ready, and that
a meeting should be held a few weeks before that date to reconsider the position.
It was hoped to create a general impression meanwhile that the lost aircraft had
been an isolated experimental one and that further tests had been stopped as
the system had proved a failure.

Although Gee was officially ‘ dead work continued on plans to reintroduce
the system at an appropriate future date. No. 115 Squadron produced a very
comprehensive report, in conjunction with the Operations Research Section,
Bomber Command, on 23 August 1941 showing that as  a navigational aid Gee
was undoubtedly far in advance of any other system then in operation in the
Royal Air Force. The report was discussed at a meeting held at the Air Ministry'
on 26 August 1941, which had originally been arranged to consider the results

of the operational trials made by Bomber Command and to consider the future
policy of operational use.^ It was decided to hold the meeting despite the
change of plans in order to reconcile the new policy with the action in hand at
the Ministry of Aircraft Production, which was working on the requirement
formulated by the Chief of the Air Staff on 18 August 1941 when he stated that
eventually all aircraft of Bomber Command were to be fitted with Gee on

aircraft production lines, after which the needs of Coastal Command and of
night fighter aircraft were to be considered.® Fifty hand-made models of the
original design were to be completed by the end of October, and a further 250
by 1 January 1942, with a follow-on of SO per week.® Mass production was to
start in May 1942, a figure of 300 per week being aimed at, as it was estimated
that 1,200 to 1,500 sets per month would be needed to meet the Bomber

Command programme alone.

Ground Station Organisation

With a promise of 300 aircraft equipments being made available by 1 January
1942, the target for beginning Gee operations was set at that date. The Gee

ground system, in August 1941, consisted of a chain of three stations, which
would be used for operations early in 1942, the location of additional ground
stations naturally depending to a great extent upon the outcome of the

operations. Meanwhile, a short-term policy, to be effected as quickly as possible,
was for Daventry and Stenigot to be duplicated and Ventnor to be resited and

duphcated at some position on the mainland, the reserve stations to be in

operation by January 1942. The most important work on the ground stations
for immediate action was refinement of the existing equipment including the
strengthening of aerial arrays where possible. In September 1941 the first
reserve site, for Daventry, was selected at Sharman’s Hhl, 3| miles distant on
the main Banbury road. A reserve site was chosen for Stenigot between
Wragby and Alford at Tetford, about 4^ rrules south-east of the original site,
and on 23 October 1941 a site was found at Gibbet HiU, on the Hog's Back,
for a duplicate of the Ventnor station.® Originally it was planned to use

* A.M. FUes C.30486/I. S.7515.1A.H.B./11/69/210. Gee.
“ Production estimates were : 200 receivers from Dynatroa by 31 December 1941 ;

300 receivers from Cossor by 31 January 1941 ; 50 per week thereafter from Cossor up to a
total of about 1,000.

• A.M. FUe C.30468/46.
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Gibbet Hill as a reserve for Ventnor but the latter's technical performance
and vulnerability gave rise to some concern, and as Gibbet Hill consisted of
a main and a reserve installation it was decided in December 1941 that
soon as the new station had been running satisfactorily for one month the Isle
of Wight station should be taken off the air completely.
The question of providing further Gee coverage was considered in September

1941.1 The first chain was to give coverage about 400 miles to the east of
England, but this left out the whole of the Lincolnshire and Yorkshire
The Air Officer Commanding-in-Chief, Bomber Command was particularly
anxious about this lack of cover.® He pointed out to the Air Ministry
25 September 1941 that if the heavier types of bomber aircraft were to be uspd
in operations involving the rise of Gee the number of suitable aircraft bases
within the existing Gee coverage would be insufficient for the planned
installation programme of 300 aircraft and consequently squadrons from
Nos. 1, 4 and 5 Groups in Yorkshire and Lincolnshire would have to be fitted.
Although the primary function of Gee was to assist in target finding it also
provided a very accurate homing service within the coverage and he
accordingly recommended that the erection of an additional chain of stations
should be started at once so that it would be available for use in January 1942.
The Director of Telecommunications indicated that  a fourth station for the
first Gee chain was to be sited near Shrewsbury and would provide coverage
over the areas lacking it, and also, coverage to the south. The building of a
complete new chain could not be envisaged before 1942, and therefore the Air
Officer Commanding-in-Chief, Bomber Command had to be satisfied with the
method proposed for meeting his immediate requirements. The ground
organisation appeared to need more co-ordination, and on 28 October 1941
the R.D.F. Chain Executive Committee (B) met for the first time.
Sir Robert Renwick as chairman the committee had been formed to

as

areas.

on

With

organise
and co-ordinate all works production, erection, and installation services of
the Gee stations, which in future were to be known generally as Type 7000
stations.® Despite the efforts to complete the ground station programme the
target date for Gee operations receded further into the distance as 1941 drew
to a close. Two main factors delayed the operational introduction of Gee.
One was a matter of security, and concerned the provision of lattice navigation
charts, the other was the delay in the aircraft installation programme.

Preparations for Operational Use

When Gee was first used expen'mentaUy, and during the operational trials
of August 1941, a film of the lattice was used in an astrograph. Although the
method was satisfactory for general navigation it suffered from many

' A.M. File C.30461/46.
5 A M. File S.8i35.

’A.M. FUe C. 17185/44.
Each individual .station was to have a four-figure number. The

hundreds indicated the number of the chain to which the station belonged, the tens the
type of station, whether master, slave, monitor, or reserve (1. 2, 3 and A), and Bie units the
individual number of the station. Thus the numerical designations of the first chain

Daventry. master Station .. .. 7niA
New Daventry. master station (to be the main station) !! 7111
Ventnor. slave station .. .. .. ,, 7J21
Stenigot, slave .station .. .. .. . ' 7122
Gibbet Hill, proposed slave station ., .. ,, .. 7123
Glee Hill, proposed slave station [ ] j 7124
Great Bromley, monitor station .. .. .. 713]

were;—
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disadvantages when compared with the use of charts on which the lattice was

printed in two colours and which were numbered and drawn in a special way
designed to simplify as far as possible the task of the navigator.^ At conferences
between those concerned unanimous agreement was reached that the use of

printed charts was the only means of interpreting Gee readings which ensured
the highest degree of efficiency and the least likelihood of errors on the part
of the navigator, and the decision was confirmed at a meeting presided over
by the Deputy Chief of the Air Staff on 18 October 1941.* The question then
arose of how security of the charts could be safeguarded in view of the danger
that, should one of them fall into the hands of the enemy, the latter could
produce countermeasures which would considerably reduce the effectiveness

of Gee. Opinion varied about the degree of risk involved, but it was eventually
decided that every possible precaution should be taken to ensure destruction

of the charts by the provision of destructor boxes, and by insistence on the
most stringent training and discipline in their use. There, was no time to evolve

complicated equipment which would take months to produce, for already the
original target date of 1 January 1942 had been overshot. The destruction

system had to be completed and installed by 1 February 1942, the revised target
date for the first operational use of Gee.® The date of introduction into

operational use was dependent on the aircraft installation programme, and that
caused even more delay than the security problem. On 5 November 1941 the
Chief of the Air Staff informed the Prime Minister that development of Gee was
going along as fast as was possible, and that he hoped its operational use by
aircraft from the majority of bomber bases in the United Kingdom would begin
early in February 1^2.* The Prime Minister pressed for an earlier date, but
the supply and installation situations, aggravated by the transfer of three
Wellington squadrons to the Middle East, made it necessary to postpone the
commencement of Gee operations until after 15 February 1942. It was then
left to the discretion of the Air Officer Commanding-in-Chief, Bomber Command,
to defer their start until he was reasonably certain of a spell of fine weather.®

Meanwhile, although research had been made into the theoretical accuracy
likely to be obtained with Gee, it had been impossible to forecast with any
certainty the probable error. It was of vital importance that this should be
discovered before operations began in order that they might be planned
economically to provide maximum concentration in the minimum time with

as few aircraft as possible. There was no time to carry out a long series of ’
trials, but flights by two or more aircraft making as many runs as possible over
a selected target during three or four days were considered sufficient to produce
information upon which accurate planning might be based. It had therefore

been decided to form No. 1418 Flight at Marham with four Wellington III
aircraft to carry out special duty flights for the development of Gee from
10 January 1942.® The flight was stationed at West Freugh on the north-west
coast of Scotland, and an army G.L. set was installed in the neighbourhood to
check the position of the aircraft as they carried out performance tests over
the Mull of Galloway, Fixes obtained both on the ground and in the air were

collected for analysis. From 12 January 1942 accuracy trials were carried

> A.M. File C.30486/46.> A.M. File C-30486/46.

’The first 400 destructor canisters were ordered by 10 January 1942 : 250 had to be
available at maintenance units on 21 January 1942,

‘ A.M. Fde C,30486/46. » A.H.B,/lI/69/2]0,’ A.H.B./1D/12/193.
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out for ave days, but because of initial technical difficulties only the results of
the last two days were considered. It was found that there were three main
errors which fundamentally affected the accuracy of Gee. They were caused
by incorrect operation, limitations of the monitoring equipment, and discrepancy
between calculated and observed co-ordinates of Great Bromlev.^

The ffrst source of error was overcome by the issue of detailed instructions
on the operation of Gee ground stations, prepared by the Telecommunications
Research Establishment and passed to Headquarters No. 60 Group for distri
bution to the operators. The problem of the limitation of monitoring equip
ment was passed by the Operations Research Section, Bomber Command, to
the Telecommunications Research Establishment so that the po^ibilities of
producing equipment which would allow increased accuracy in the phasing
of slave stations could be investigated. In view of the seriousness of the
limitation, improvement of the monitoring equipment was given the highest
priority, and every effort was made to install it in the shortest time possible.
The third error w^ found to have occurred because the co-ordinates of the
new Davenlry station, which was not yet in use. had been provided for the
tnals by mistake. It was also recommended that slave stations should always
be phased to give the correct reading at Great Bromley and this was taken up
with Headquarters No. 60 Group.

Following exerdses carried out by No. 3 Group in February 1942 to test
operational techniques, a decision was made that flares should be used as a
fundamental prindple of Gee attacks and a method was devised, called the
‘ Shaker ‘ technique, for using three task forces in the following order

(a) Flare-carrying force,

(i) Incendiary-carrying force,

(c) Main striking-force.

The sequence of a raid allowed for only small margins of error in the time of
attack. The flare force aircraft, navigated to the target by means of Gee, were
detailed to arrive continuously at two-minute intervals, and the incendiary
force within a period zero to zero plus 13 minutes. The main force not equipped
with Gee had wider scope, but were required in 15-minute waves, that is, zero
to zero plus 15. zero to zero plus 30. The timing requirements made a more
exacting demand upon navigational accuracy than had previously been called
for, but were considered to be justified in view of the proved accuracy of Gee,
It was expected that the system would enable an aircraft to bomb a selected
area in or through ten-tenths’ cloud and thus to increase the average number
of effective operational nights per month from about three to possibly 20 .
more.* Although it was realised that the accuracy to be obtained from Gee in
that part of Germany lying within its range might not be quite as high as that
obtained during Service trials over the United Kingdom, a provisional estimate
made by the Air Warfare Analysis Section suggested that 47 per cent of bombs
would fall on Essen in ten-tenths' cloud, and that Gee should therefore be
regarded as a blind-bombing device and not merely as a navigational aid,*

or

»A.M. FUe S,813S. ' A.H.B./IIM/AI/3a, Appendix B19I9, S April 1942.
• Air Ministry D.B. Ops. paper on Area Attack employing Gee. 16 January 1942.
*A.W..-1l. Report B,R.A./3.
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First Operational Use
When at last there seemed a reasonable prospect of a spell of fine weather,

the first Gee operation was launched, although the number of aircraft available
was still below that originally required by the Chief of the Air Stafi with which
to begin Gee operations. The night chosen for the first raid was 8/9 March
1942 and 211 sorties were made against Essen, of which 82 were made by aircraft
fitted with Gee, receiving pulses from the Daventry master, and Stenigot and
Gibbet Hill slave stations. The operational results of the first raid wefe
disappointing. Photographic evidence showed that although there was little
doubt that the majority of aircraft equipped with Gee flew over the target,
and although built-up areas were sighted and bombed, in many instances the
main objective of Essen was not attacked, proving the bombing to be far less
accurate than had been expected from the trials carried out in the United
Kingdom. Technically, however, the Gee equipment was far from disappointing,
only nine of the 82 receivers being reported as faulty. Transmissions from the
ground stations were kept accurately phased for the whole of the operational
period, and although there was little doubt that over the Ruhr the A (master)
pulse was the weakest, even this was received satisfactorily by the majority of
aircraft. In the remaining few aircraft poor reception was caused mainly by
incorrect adjustment of receivers. The slave station Stenigot became unlocked
because of weakness of signals from Daventry just before the first aircraft was

about to take ofl at 2340 homrs but it was rephased by 2352 hours, and at no
other time did the ground transmissions become unlocked. On one or two

occasions slight interference was reported by the ground stations, but this was
certainly not as intense as had been anticipated.

The first raid and a second attack against Essen on the following night formed
the basis of discussion at a conference called by the Air Officer Commanding-
-in-Chief, Bomber Command, on 13 March 1942, to which he invited the

commanders of the bomber groups using Gee.*^ The meeting agreed that Essen
had been a poor choice for an initial'target. It was at the e.xtreme range of the
equipment, and the aircrews taking part had no previous experience of the use
of Gee at such a range. In addition, the accuracy of the system was seriously
diminished over that particular area because of the acute angle cut given by
the lattice lines at that distance. The operational technique tried out had not
fully solved the problem of leading a main force to the target. In one instance
a flight commander saw the flares when 80 miles away but on arrivad he found

that the flares were no longer in a concentrated mass and he had to discriminate

between a number of groups of dispersed flares. With few exceptions crews
could not be certain that they were in the Ruhr area, and had to content
themselves with attacking the biggest fires they could find. In short, flares
were not maintained in the right place for a long enough period to assist later
arrivals. It was suggested that, as a remedy, all aircraft should approach the
target on one lattice line and that this line should be selected by navigation
and plarming staffs of Headquarters Bomber Command. As a further aid, a
release height of flares was to be specified together with definite fusing orders
so that all flares would ignite at 3,000 feet above ground level.

During the following weeks, to the end of April 1942, 27 major operations
were carried out by Bomber Command against targets in Germany and the
occupied countries, a fair proportion of aircraft equipped with Gee being used

‘ A.H.B./II/69/210.
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Gee occasionally to check position. By this means navigators were able to
follow the specified route and to arrive at the turning point for the run into
the target at approximately the correct time. On the homeward journey
navigators were encouraged to practise normal navigation, using Gee only
a check on other fixes. It was often used to home an aircraft to its airfield,,
its value for this purpose being shown by a comparison of the number of aircraft
landing away from base during April 1942; those carrying Gee I -2 per cent,
those without Gee 3*5 per cent.

Operations against Targets within Gee Coverage
After the first two weeks of Gee operations a procedure for approaching

targets within the coverage of Gee was formulated by Headquarters Bomber
Command. The available force kept its original three divisions, flare-dropping,
incendiary, and main striking forces, but the first, consisting entirely of
Wellington III aircraft fitted with Gee, flew over the target along a lattice
line and dropped a stick of flares about six miles in length, the centre of the
stick being aimed at the target. In order to avoid the danger of being misled
by decoys, the stick of flares was laid blindly on Gee plots and therefore the
most experienced Gee crews were detailed for the task. The flares illuminated

area about six miles by one mile, the length being parallel to the lattice line
and nearly parallel to the major axis of the ' error ellipse '. In this way it was
almost certain that the flares would light up the target although they might
not have been dropped directly on to it. Sufficient aircraft were detailed for
this work to enable the illumination to last for the ‘ flare period which varied
from 15 to 45 minutes. The incendiary force, consisting entirely of aircraft
equipped with Gee, attacked during the flare period, approaching along the
same lattice line, and thus flying over the illuminated strip of territory, which
provided an accurate target for the incendiary bombs which in turn caused
fires to act as beacons to the main striking force.

By the use of this technique, raids were made successfully against targets
regardless of th? state of the moon. Such a raid took place on the night of
13/14 March 1942 when Cologne was attacked in complete darkness through
^fting clouds. Although Gee was still suffering from its teething troubles,
58 per cent of the photographs successfully taken covered the target area^
and later daylight reconnaissance flights confirmed direct hits on industrial
centres in the city. Nothing approaching this success had been achieved before
except on one occasion, in July 1941, when the moon was full and the weather
perfect, and then 60 per cent of photographs covered the target area. The
average percentage for all other raids against Cologne since that occasion had
been about 10 per cent. So far. Gee had been used as a navigational system
and as an aid to target location, but accuracy trials had indicated that Gee
held promise as a blind-bombing system, and on 22/23 April 1942 an experi
mental blind-bombing raid was made against Cologne in very poor weather.^
Crews were instructed to release their bombs on Gee fixes alone and not to
make any use of visual identification. It was practically impossible for
navigators to disobey the instructions as the weather was far too bad to enable
ground observations to be made. For this reason very few photographs were
taken but of the five which showed ground detail, four were plotted, two being
within five miles of the target-and two slightly-more distant. From an.
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analysis of photographs taken during this, raid and all other operations when
flare-carrying aircraft released blindly, it could be seen that results acliieved
by blind bombing would be superior to those obtained visually in poor weather
but inferior to those obtained in medium or good weather. Research was
continued with a view to reducing the errors sufficiently to make blind bombing
effective, as some method was badly needed against such targets as Essen,
which were difficult to recognise because of the prevalence of industrial haze.

The ' thousand-bomber ’ raids of 1942 were planned on the assumption that
Gee could be used for accurately locating targets without visual observation.

In the highly successful raid against Cologne on 30/31 May 1942 the flare-
dropping technique was not tised because the weather was clear and there was
a full moon. Nevertheless a large proportion of the aircraft leading the
attacks used Gee, dropping full loads of incendiary bombs at or very near
zero hour, thus enabling the main force to find the target. The use of Gee
facilitated recognition of the target without the necessity to conduct a search
visually, and errors in identification and delay in starting fires were
consequently avoided, two factors which contributed considerably to the success
of the operation. In July 1942 the Chief of the Air Staff asked that the

possibility of increasing the efficiency of intruder and other aircraft employed
on similar duties by fitting them with Gee should be investigated.^ The
De Havilland Aircraft Company quickly made an experimental installation in

a Mosquito Mark II and the Fighter Interception Unit carried out trials. At
the same time, Gee Mark I was iratalled by No. 26 Group at Stradishall in

six Mosquito Mark IVB aircraft, in preparation for use by No. 109 Squadron
on special operations. On the results of the trials depended the fitting of No. 2
Group Mosquito bomber aircraft. However, shortage of Gee installations

prevented the introduction of Gee into Fighter Command until mid-June
1943, when a number of squadrons were fitted for intruder and ranger opera
tions.*

During 1942, when Headquarters Combined Operations was planning for
the Dieppe raid, various small raids were carried out, each one accentuating
the need for very accurate timing. This problem came to a head during the
rehearsal when parts of the force failed to make landfalls with anything like
the necessary accuracy because of the difficult tide conditions in the English
Channel. Gee had already been tried out by Headquarters Combined Opera
tions in motor gxmboats and was judged to have distinct possibilities for the
type of raid. Trials had shown that the signal could be held for a good distance
although neither maximum range nor accuracy had definitely been established.
Nevertheless, it was decided to rely upon Gee as the only system likely to achieve
the necessary accuracy for the Dieppe raid. Additional ships and aircraft
were accordingly fitted and personnd trained in its use, with the result that
during the raid on 18/19 August 1942, Gee proved of very great value. In
some quarters reports were received of the inaccuracy of the system, but this
was mainly because the installations were put in at the last moment and

without adequate testing. In addition, the two lattice lines available off the
French coast were not fully suitable to enable accurate fixes to be obtained,

especially as inaccuracies in reading Gee indications occurred through weakness
of the signals. As the raid moved eastwards up the Qiannel the error became

* A.H.B./1I/69/210.r A.M. FUe S.7515.
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greater—up to as much as two miles. Despite the limitations, the success of
Gee in the Dieppe raid led to a comprehensive installation programme for
Combined Operations’ ships and craft and this was later extended to nearly
all naval ships and craft operating in areas covered by Gee chains.

Operations against Targets beyond Gee Coverage
For targets beyond the normal cover, Gee was used primarily as an accurate

navigation system, fixes being taken every 10 to 20 minutes.^ By this
it was possible to calculate the wind velocity reasonably well and to maintain
an accurate track over the greater part of the distance to the target. As for
targets within its coverage, use of Gee enabled accurate timing to be attempted
and facilitated accurate routeing of aircraft to avoid heavily-defended regions.
The targets outside Gee range which were attacked during the first months
fell into two groups, ports in north Germany and inland towns in south-west
Germany. Against the ports Gee was extremely useful in enabling accurate
tracks to be flown across the North Sea so that landfaU could be pinpointed
after flying over some 300 miles of sea. Beyond this point map-reading
usually possible, and as accurate navigation had been maintained over the
first part of the journey it was possible for concentrated attacks to be made
against targets over 500 miles from the United Kingdom.

The most successful operations carried out in the north-easterly  direction
were directed against Lubeck and Rostock. In both instances aircraft equipped
with Gee led the attack, and there was little doubt that the accurate navigation
obtained with Gee on the first part of the route enabled the leading aircraft
to arrive at the target on time and to light a beacon which was of great assistance
to following aircraft. On another occasion, however, when Wamemunde
was attacked on 8/9 May 1942, although the leading aircraft arrived on time
at the target, accurate bombing was difficult because of extremely effective
German searchlight defence. Against inland towns in southern Germany,
Gee was very useful for navigation over most of the route, but conditions
the objective usually very much reduced the accuracy of map-reading so that
^eat difficulty was experienced in finding the actual targets. Gee was also
installed in a large number of minelaying aircraft. At the low altitudes at
which mine-laying operations were Usually carried out Gee coverage was
limited, but the equipment proved to be invaluable as an aid to accurate
navigation. It was used primarily for the initial stages of a sortie only, but
occasionally fixes were obtained as far distant as Denmark when aircraft
were flying at comparatively low altitudes.

Need for Expansion of Gee Coverage
Throughout March, April, and May 1942 the ground stations of the Eastern

Cham gave very good service.* A remarkably small number of interruptions
occurred during operational flights and those occurring during periods of
attack were negligible. Of the few faults most were of short duration, the
average being about 30 seconds, while the longest was 16i minutes,
never necessary to use any of the reserve stations, and accuracy of phasing
was maintained to a high degree. Any changes from the normal programme
' Bomber Command O.R.S. Report Ko. S.54.
* Bomber Command O.R.S. Report No. S.54.
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adequate locking between sites in the north and north-west, that is, in the
Shetland and Orkney Island area, would present great difficulties.^ In November

1941 it was decided that the order of priority for subsequent chains should
be:—

[a) Southern.
(b) North-Eastern,

(c) Western.

With work on the first two proceeding simultaneously if possible, the Southern
Chain was to be available by May 1942 and the North-Eastern by July 1942.*

SoQthem Chain

In December 1941 the T.R.E. began prospecting for Southern Chain sites.
The cover to be provided by the chain was to fit on to the existing cover of
the Eastern Chain (or 7100 as it was then termed) and to extend over France

including its west coast as far south as possible. The greatest possible
accuracy was needed on the French coast between Dieppe and Brest. From

experience of the Eastern Chain it had now been decided that distances between
the slaves and master stations could not be less than 80 miles in order to

maintain accuracy at long ranges, and should not greatly exceed 100 miles

in order to have adequate locking signals, an angle of 120 degrees being needed
between the ‘ legs ’ to give a fair amount of accuracy immediately in front of
the system. Because of the existing facilities at early warning radar stations,
those sites were to be used wherever possible, C.H. stations being preferred to
C.H.L., but the latter were to be used in preference to an entirely new site.
The only C.H. stations which could possibly be considered suitable for master
stations were Ventnor and Worth Matravers but Ventnor had already proved
to be too vulnerable and Worth Matravers was rejected because it was screened
by the Purbeck Hills and also because it was impossible to obtain a reasonable

angle between the legs to the slaves. A new site was finally chosen at Bulbarrow
Hill and was foimd to be an excellent choice technically. No suitable C.H.

station existed in the area required for the eastern slave as they were all sited
on low land near the coast. The choice therefore fell upon Truleigh Hill
C.H.L. station and the risk of any possible overcrowding* was felt to be

justified in view of the difficulties involved in alternative sites. The C.H.
station at West Prawle in Devon was found to be quite suitable for the western
slave.

The problem of finding a monitor station for the new chain was much more
difficult than the siting of the chain itself. The main reason was that as the

stations were so close to the coast it was impossible to find a site in front of

them at reasonable distances from the master without going much too far
from one slave. Sites far behind the chain were out of the question as there
would have been too much screening from the hills, so it became clear that a
site relatively near the master would have to be used. This had two

disadvantages: the signal strength from the master would be vastly greater

These were final-phase proposals submitted by the T.R.E.,» A,H.B./II/69/210.
consisting of four systems to cover the whole British Isles, of which two systems covering
the north and wfest would operate on the common frequency and two systems covering the
east and south would have separate frequencies and alternatives.

« AM. FUe C.30486/46.
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than that from the slaves, which was technically undesirable, and ground
reflections from nearby hills came in at strength comparable with the slave
signals and so would confuse the picture. It was also stipulated that a monitor
station should be sited near a main telephone cable because of the great number
of lines required from that type of station. However, no suitable site existed

a cable route and finally a site was found at Brandy Bay, Dorchester,
excellent from a technical point of view but five miles from a main telephone
route with no easily accessible power supply. Despite the fact that the site
was not approved until the middle of February 1942, and installation of
equipment for the whole chain did not begin until 10 April, all stations except
the monitor were ready by 15 May 1942 for operational tests with No. 1418
Flight, and Truleigh Hill acted
ready.i

near

as slave-monitor until Brandy Bay was

In January 1942 the Director of Telecommunications had stated that he
wished to make certain that the Eastern and Southern Chains could work
sim-dtaneously on one frequency without causing confusion to aircraft
navigators, as the general introduction of a Gee Mark II aircraft installation
with its two frequency channels was not expected before October 1942.^ He
was assured that although the two chains would be working on the same radio
frequency, they would have a different pulse recurrence frequency and any
interference which might be expected would consist of a faint background haze
on the cathode ray tube which would be insufficient to affect the reading of
the signals in any way. In April 1942, however, the T.R.E. carried out tests
with ground trainers representing two chains on the same radio frequency
using different pulse recurrence frequencies, and it was agreed that the average
navigator would have great difficulty in using the system satisfactorily.
The Southern Chain became fully available on 20 July 1942, on a frequency

of 44-9 megacycles per second, but as it could only be used as an alternative
to the Eastern Chain, Headquarters Bomber Command arranged that it should
operate two days per week or when required in an emergency, on the
instructions of Bomber Command Operations Room to the controller at Great
Bromley.8 Reports from the bomber groups showed that the forward
coverage of the chain was good and the accuracy was judged, from visual
observations, to* be excellent. Numerous fixes had been obtained by aircraft
flying as low as 2,000 feet just north of Bordeaux, and homing was possible
down to 3,000 feet.^

South-Eastem Chain

In June 1942 the Admiralty stated a requirement for better Gee coverage
in the English Channel with improved fixing at sea-level.® As speed was
essential, it was decided to erect a D slave for the Southern Chain. This
station was to provide accurate position lines for naval craft in the Straits
of Dover and as far west as F4camp where the A pulse of the Southern Chain
might not be visible. Canewdon C.H. station was chosen as a possible site
and an MB2 transmitter was set up on 44-9 megacycles per second, locked to
Truleigh HiU. In tests between Newhaven and North Foreland, with two
motor gunboats fitted with Gee Mark I, it was found that sufficient signals
1 A.M. File C.I7185/44. » A.M. File C.30486/46, Part III.
‘ Bomber Command File BC./S.25906.

2 A.M. File C. 17185/44.
‘A.M. File C.17185/44,
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were received for fixing, so a permanent type of station was set up at Canewdon,
the two stations becoming known as the South-Eastern Chain.* Unfortunately
this subsidiary chain was not completed in time for the first major Combined
Operations raid against Dieppe.

Northern Chain

Although the southern and eastern parts of Britain were the more important
operational areas in 1942, the north had not been forgotten. It had been
placed second in the list of priorities and it had been hoped to bring the Northern
Chain along in parallel with the Southern Chain, but by the time the latter
practically completed in May 1942, work had not started on the former.® There
were two reasons for the delay; every effort had been put into improving the
Eastern Cham and constructing the Southern, and it was quite impracticable
to begin siting or constructional work in the north of Scotland or on the Islands
during the winter months. The position was reviewed in April 1942 when
Headquarters Bomber Command seemed doubtful whether a Northern Chain
was really an operational requirement, and it was the officially recorded view
that Headquarters Coastal Command was not interested at all in Gee.

This had been the case when the subject was discussed with Headquarters
Coastal Command in November 1941, as the lack of range at low heights had
led to a preference for A.S.V, beacons.® However, that view was modified
and the Air Officer Commanding-in-Chief, Coastal Command asked for
installations to be made in two squadrons to test the possibility of Gee

was

’ The chains then worked as follows :—

Fre-

queney
in mes.

Slave
Stations.

Chain, Master. Users.

Eastern

(Virginia)
Daveatj-y Stealgot

Gibbet HiU
Glee Hill

Bomber and Fighter Oomroaoda
U.S. Army Air Force and
Combined Operations

Bomber and Fighter Commands
U.S, Army Air Force and
Combined Operations.

Coastal Command and Combined
Operations

Combined Operations

4S-75

Southern

(Virginia)
Bulbarrow Trule

West
igb HiU
Frawle

48-75

Southern

(Carolina)

South-Eastern

(Carolina)

Biilbarrow Truleigh Hill
West Prawle

44-90

Truleigh HiU Canewdon 44-90

Southern (Virginia) Chains could not radiate simultaneously,
tte Southern {Carolina) Cham could operate with the Eastern Chain, and the South-Eastern
Cham could radiate simultaneously with any other chain. As Combined Operations were
the only users of the latter chain it could be brought up or closed down at their request
wiUiout reference to any other users of Gee. ^

» A.M. FUe €.30486/46, Part UI.

« Bomber Command experience of Gee at low heights (below 5,000 feet) was tliat the
av^age range was 250 nautical miles. Only about once in 20 Umes were ranges of less than
150 miles recorded, IJp to a height of 5,000 feet there seemed to be no consistent change*■**'*5® "'as- *“ few instances recoiS
about the same as at 5,000 feet. As height was increased above 5.000 feet the average
range merged slowly to atout 350 nautical miles at 20.000 feet. The variations of range
appeared to be due to the fiuctuating effects of atmospheric refraction although they 'not yet been correlated with weather conditions. There seemed to be no consistent
difference of range over land and over sea. (O.K.S./C.C./8/S.)
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fulfilling the command’s operational requirements. An officer from the
Directorate of Telecommrmications had also visited Headquarters Coastal
Command, and confirmed that there was a need for Gee coverage in the North
Sea towards Norway and between the Hebrides and the Faroes, edthough the
Air Staff of Coastal Command was dubious about pressing its claims until
some experience of the equipment had been gained. However, the Director
of Telecommunications decided that such a Gee chain would be of great value
and wished, in view of the climate and inaccessibility of the sites, to see work “
started in the spring of 1942 so that full advantage might be taken of the
summer weather. It was hoped to have the chain completed before October
1942. Several combinations of sites were inspected, and after complications
of inaccessibility had been weighed against operational suitability, a combined
master and monitor was chosen at Burifa HiU, with three slaves at

Scousborough, Windy Head (Fraserborough) and Sango,^ Work began on
the chain in June 1942, with a target date of September 1942, Difficulty with
road making and delay in the supply of electronic equipment deferred the
completion date until 1 November 1942.

The Northern Chain, like the Southern Chain, could not be used operationally
at the same time as the Eastern Chain until Gee Mark II was introduced into

general Service use. By August 1942, when it became certain that the
equipment would not be generally available for some months, Headquarters
No. 60 Group requested that the opening date of the Northern Chain should
be postponed until Gee Mark II was actually in use. However, Headquarters
Bomber and Headquarters Coastal Commands both insisted on the original
target date and the chain became operational on 14 November 1942, with
very little hope of actually being used until the following year.

Precautions against Jamming

Increase of coverage had not been the only reason for the accelerated
building of the Southern Chain—it was to be a ' second string' in the event
of enemy jamming. During the first month of operations casualty figures of
Gee-equipped aircraft showed very little difference from those of non-equipped
aircraft, but up to the end of Mairch 1942 about 20 aircraft in which Gee was
installed had been lost over Germany, and there was therefore every reason
to beUeve that the Germans possessed some of the equipment.* This fact led
Headquarters Bomber Command to ask if operational use might be made of
140 aircraft which had been delivered without lattice chart destructors and

which were consequently grounded,® At that stage it seemed imperative
that the maximum possible Gee effort should be made before the enemy could
reduce the effectiveness of the whole system with interference. Approval
was given although it was decided to continue using the destructors already
installed so that, when additional stations were set up, the disclosure of their
positions to the enemy could be delayed. However, in June 1942, development
of a chart destructor was abandoned and the equipment was removed from
all aircraft. To understand the plans made and precautions taken to

counteract enemy jamming it is necessary to survey the several ways in which
the Germans could either deny the use of Gee to aircraft or make use of the

^ The roaster and monitor stations were originally named Dunaet Head but this title was
altered to Burifa Hill as there was already a naval station and a proposed Type 271 station
of that name.

> B.C. O.R.S, Report No, S.54. • A.H.B./II/69/210.
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equipment themselves. If sufficient Gee sets were captured then the enemy
could salvage enough undamaged parts to equip a number of his own aircraft
and to employ them on fire-raising tactics over Great Britain. To deal with
that contingency, Gee transmissions were to be coded. Headquarters Bomber
Command tested out a system designed to enable squadrons to change over to
Gee coding with the minimum delay. Briefly, the method consisted of
retarding the slave pulses so that the navigator had to subtract the code
number from the Gee numbers obtained from his equipment before finding
his position from the lattice charts. For simplicity, the coding was at first
confined to whole Gee number changes as this was less confusing to navigators.
The method could be made subtle by avoiding jerky changes. About 156
simple codings were possible and it was proposed to change the code to a pre
arranged schedule.

It was assumed that to deny the use of Gee to British aircraft the enemy
would set up ground jamming transmitters which would be so designed to
make indications on the cathode ray tubes in aircraft unreadable. In addition,
he could send over Great Britain aircraft equipped with jamming transmitters
which would interfere with the locking of the slave stations, or, alternatively,
interfere with monitoring. It was generally believed that large-scale januning
of Gee was unlikely and it was anticipated that the enemy would only be able
to set up transmitters which would jam the reception of Gee over a limited area
covering suitable targets. Gee was more difficult to jam than the radar early
warning chain as no reliance was placed upon reflected energy, which produced
only a very small signal. To counteract ground jamming, the mass-produced
aircraft equipment Gee Mark II (A.R.I. 5083) was to be capable of rapid
switching to any of five spot frequencies in the band of 40 to 50 megacycles
per second. A replaceable R.F. unit was also designed to give five sjrot
frequencies in the band 20 to 30 megacycles per second. Thus if it
possible to avoid interference by changing to the 40 to 50 megacycles per second
band this could be done, but in any case a changeover to the 20 to 30 megacycles
per second band should be temporarily effective. Ground stations would
work on one radio frequency in the 40 to 50 megacycles per second band and
would be able to change to the 20 to 30 megacycles per second band within a
few hours.

Jamming of the locking lines was not considered to be a really serious threat
as it would require standing patrols of enemy aircraft over the United Kingdom.
Nevertheless, the failure of locking lines could be overcome by the filter
comparator oscillator which was to be installed in aU slave stations and which
would enable the stations to run for some time without radio-locking but
would need rigorous monitoring and hand-phasing. There did not seem to
be any complete answer to monitor jamming, but the monitor station
less liable to detection as it did not transmit. Finally, there was the danger
of direct bombing attacks against any of the Gee ground stations with the
possibility of damage to installations, telephone lines, or radio links. As a
precaution against such action, at each site there had been installed both a main
and a reserve station, sited approximately 400 yards apart, the reserve station
containing all the essential equipment to carry on operations. Landline
communications also consisted of main and reserve systems which were planned
so that the main lines could eventually be placed underground. To safeguard
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the communications further, the possibility of installing V.H.F. R/T links
was being investigated. Transmissions on reserve frequencies were limited

to unlocked transmissions from single stations, except for the mininlum

transmissions necessary to test locking, No aircraft equipment was set up on
'  the frequencies until they were brought into use, and when Gee Mark II

became available spare channels were to be tuned to certain spoof frequencies
on which Headquarters No. 60 Group planned to arrange vertically-polarised
transmissions.

First Jamming Offensive
There is no record either in British or German documents of any immediate

German interest being taken in Gee after the first aircraft was lost over Hanover

on 12 August 1941 and it must be assumed that the aircraft was not found or

else that the detonators had done their ;^)b sufficiently well to arouse no

suspicion. Bad interference was first experienced almost one year later when,
on 4/5 August 1942, 22 Gee-fitted aircraft took part in a raid against Essen
and most of the crews reported losing Gee signals 10 to 20 miles from the

target.^ Most of the interference was attributed to static and electrical
disturbances, and three aircraft engaged in minelaying near the Frisian

Islands reported normal reception. On the following night eight aircraft
attacking the Ruhr found that their signals were blotted out just beyond the
Rhine, yet 36 minelayers over various sea areas from Heligoland to
La Rochelle reported that reception was normal, except for three crews who

reported much ‘ grass ‘ off the Frisian Islands.

On the evening of 6 August 1942, a Bomber Development Unit Mosquito
aircraft was sent to Duisberg to check on the interference and it was found that

the Gee signals were all weak, especially A, and considerable W/T interference
was experienced. The pulses appeared to be suppressed, falling partly below
the time-base, and the strobe time-base appeared as about nine lines dancing
in a vertical plane. Later that night a force of 122 aircraft attacked the same

target; 12 crews reported that conditions were normal, 26 found that interference

blotted out all signals in the target area, 46 were able to use the signals despite
the interference, and the remainder reported that signals were weak or that

they faded. On the following day the reports were discussed at a meeting of
radar officers of the various groups in Bomber Command, and the possibility
of enemy jamming was suggested, but it was agreed that the trouble was

probably due to meteorological conditions. During the afternoon, a Bomber
Development Unit Mosquito was again sent to Duisberg for accuracy .trials
and reported interference similar to that of the day before but not to the same

extent. On the night of 9/10 August 1942 a strong force attacked Osnabruck,
and all aircraft reported Gee to be ineffective east of the Zuider Zee. It was
clear that Gee had been deliberately jammed between the Zuider Zee and the

target, and investigation revealed that the time-bases had been split up into
a number of wavy lines which blotted out Gee signals. An attack against
Mainz was planned for the next night but was cancelled at the last moment in

favour of minelaying in the Kattegat area and there were no reports of inter
ference there. The night after, however, Gee-equipped bombers, accompanied
by an investigating Bomber Command Development Unit Wellington aircraft,
attacked Mainz, and enemy jamming was again successful. Gee becoming

IA.H.B./U/69/210.
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ineffective over Belgium. The Wellington aircraft followed the same route
the striking force, at a height of about 20,000 feet. The first indications of
jamming were, observed at approximately 15 miles south-south-east of Ghent
where there was slight thickening of the main time-base. This gradually
increased in width until it became a band of noise which was more regular i:i
structure than normal receiver noise. At first the pulses were clearly visible,
their amplitudes being considerably greater than that of the interference, the
A pulse becoming weaker while the B and C pulses remained strong. Finally
fixing became impossible and no further readings were obtainable until the
aircraft reached practically the identical position on the return journey. All
signs of jamming finally disappeared 25 miles inside the Dutch coast.

German documents indicate that the existence and method of operation of
Gee was first discovered in March 1942, but the decision to jam the system
not taken until August 1942. A jamming transmitter was hurriedly improvised
from a standard ground transmitter used for R/T communication, modulated
to operate on 150 to 200 kilocycles per second. Before the makeshift equipment
was used, a Dr. Mogel had ^en experimenting locally with jamming
transmitters for a short time, which probably accounted for the interference
e.xperienced in the first week of August. In the same month the Germans
placed an order for a large number of jamming transmitters to counter Gee
raids. They were ^-kilowatt Heinrich transmitters, the first coming into
ofieration in November 1942, A considerable number of monitoring stations
placed about 100 kilometres apart were erected around the coast of occupied
Europe from Brest to Norway.^ Each site had two Heinrich transmitting units,
one operational and one spare, and these monitored all possible wavelengths.
Changes of phase were also reported so that when German pilots flew with Gee
equipment, they could be notified by W/T,

The effect of the jamming was not to destroy the accuracy of Gee working
but to reduce the range at which fixes could be obtained, the range from
Dayentry being cut from about 400 miles to about 250 miles. As range
limitation was one of the most important disadvantages from which Gee suffered,
this was a serious setback and meant that all targets in Germany lay outside
the coverage. Therefore, rmtil means of overcoming jamming were available,
Gee could not be used for locating the principal targets, but reverted to its
original function, a navigation system only. It still overcame, however, one
of the greatest difficulties of navigation, as it provided an accurate fix when the
aircraft had attained operational height.

Although blind bombing and target approach by Gee were out of the question
for a time, the possibility of successful anti-jamming measures was not overlooked
and it was considered somewhat optimistically that training in the homing and
blind bombing techniques should be increased rather than reduced in order
that full use might be made of Gee as soon as such measures were available.
These were quickly initiated and a simple modification, consisting of a filter in
the rectified output circuit of the receiver, was made available to Bomber
Command by 19 August 1942,* By 21 August .520 sets had been modified, and
a greatly improved performance- in the face of jamming was achieved. But
gradually enemy jamming increased in effectiveness, and it was realised that
further steps would have to be taken to ensure the uninterrupted use of Gee.
The most obvious way was to introduce a change of frequency.
' See also Appendices No, 8 and 9.
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CHAPTER 6

GEE MARK n

It had been hoped that Gee Mark II would be available for installation in
operational aircraft when enemy jamming started, but although the prototype
was completed by March 1942 production equipment was not ready until
October 1942.* When the first of these equipments were used in trials they
were very unsatisfactory because of faulty components and had to be sent back
to the makers. In the meantime it was decided to confine Gee operations
within the area covered by the Southern Chain. From the middle of October
1942 the Southern Chain was used exclusively for major bombing operations,
which at that time were mainly directed against targets in France and northern
Italy.2 The first of these took place on 17 October 1942 against Le Creusot,
with 94 Gec-fitted aircraft taking part. No jamming was e-xperienced and the
average range was 387 miles, comparable with that achieved on the Eastern
Chain befine the jamming started. On 3 December 1942 a raid was made
against Turin, dunng which the average range was 488 miles while many fixes
were obtained over the target, 730 miles from the master station at Bulbarrow
Hill. These ranges were the greatest at any time recorded with Gee equipment
except for a fix over Gibraltar, which meant a range of 1,000 miles at
2,000 feet, and was probably the result of freak conditions.® Operations with the
Southern Chain continued into January 1943, raids during that month being
made against Lorient, 222 miles from the master station. All aircraft were able
to obtain fixes and no serious jamming was reported. In a further attempt to
relieve the Eastern Chain from the continuous jamming which was becoming
heavier and more effective, it was decided to operate it with main transmitters

frequency of 44-S megacycles per second and reserve transmitters on
48-75 megacycles per second. As a long-term policy, arrangements were made
to install aerials as soon as possible to enable the Eastern Chain to operate
20/30 and later on 50/70 and 70/90 megacycles per second.

The Eastern Chain used the frequency 44-9 megacyles per second for the '
first time on the night 30/31 January 1943 with the 48-75 megacycles per
second frequency switched off, because it was found that there was a break
through from one chain to another. Unfortunately the new frequency had
already been used by the Southern Chain for other us^ than bomber operations
and it was known to the enemy. This fact soon became painfully evident, for
at 0215 hours the enemy, having discovered the change in frequency, began to
jam it heavily and just as effectively as the old frequency.® The range of the
Eastern Chain was reduced still further during February 1943 by enemy
interference, and by a comparison of the figures for February with those for

» A.M. FUe C,.30486/46. Part III.
• A.H.B./II/69/210.
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* B.C. O.R.S. Report No. S.81.
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In April 1943 a determined efiort was made to counteract the increasingly
effective enemy jamming. A new operational procedure, known as the target
frequency scheme, was brought into use on 8/9 April. Aircraft used one of the

normal frequencies on the way out, and just before the target was reached
switched to a special frequency, termed ‘ XF The first few XF operations
were not very successful mainly owing to general inexperience of the crews, but
by the end of April operators had become accustomed to the new method and
from 26/27 April some fixes were obtained in the target area for all Ruhr targets,
although the mean ranges and the percentage of aircraft obtaining fixes in the
target area were not so high as they had been before jamming started.^ By the
same date the replacement of Gee Mark I by Gee Mark II had been completed and
every navigator then had the opportunity of using the target frequency, but the
Germans started jamming the XF frequency in June 1943. On the night of
4/5 May a broader pulse was introduced in the Eastern Chain and, in general,
navigators agreed that it was easier to pick out from the interference. On the
other hand, it did not improve the efficiency of the anti-jamming circuits and
interference often broke through, the pulse became distorted, and alignment of
the pulses was therefore difficult. All the steps taken to alleviate the effect of

enemy jamming proved to be temporary palliatives only, and there appeared
to be no satisfactory method of reducing the vulnerability of Gee to jamming.

Western and'South-Western Chains

Meanwhile Gee coverage was being extended to the west. Headquarters
Coastal Command had, in April 1942, visualised a probable requirement for
coverage over the Western Approaches, particularly in the southern sector, in
addition to coverage in the north,* Although, despite jamming difficulties,
Gee had proved its worth and reliability in Bomber Command, no very low-
flying operations had yet been attempted, but it was considered that, by using
a frequency of about 25 megacycles per second for the new chmn and by using
high sites, the effective reliable range would be over 400 miles at 5,000 feet.
Two alternative solutions to the problem of range were considered. One was
to wait for the Americsm navigational system. Loran, which was similar to Gee
but gave considerably greater ranges. The other was to apply the recent
discovery that long ranges could be obtained by using the indirect ray from
Gee on 22-9 megacycles per second; ranges from 500 miles up to 1,100 miles,
irrespective of aircraft height, had been obtained with one station at Worth
Matravers. In September 1942 the Air Officer Commanding-in-Chiei, Coastal

‘ Hie following table shows a comparison between the results obtained in the pre-jamming,
jamming, and XF periods :—

31

XFPre-jamming
April-May

1942

Jammmg
Jan.-March

1943
May
1943

280405 230Mean range lor targets beyond coverage
(Routes across Holland in periods 2
and 3).

Percentage of aircraft reporting fixes in
target area (Ruhr region).

75 None 12

* A.M. File C.30486/46, Part III.
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Command made it clear, however, that neither of the proposals would solve
his immediate problem, and he wished to have a Western Chain as soon as
possible despite the limited range offered to him.

Sites were selected by the T.R.E., the master station on the topmost point
of Snowdon, and slaves at Mulaghologa (in the Spcrrin Mountains, Northern
Ireland) and Tintagel (Cornwall).* The chain was to be self-monitoring with a
check monitor at Bryn-Ffynon, a poor site technically, and the target date for
opening was 1 May 1943. The chain was to work on 25-3 megacycles per
second and it was hoped that the longer base-line would improve the accuracy
because of the longer range over which adequate locking signals would be
obtainable.® The slave sites were formd unsuitable and work began on two
new positions, one in County Antrim and the other at St. Juliot in Cornwall.

Meanwhile, the Coastal Command Operations Research Section indicated
that it was not happy about the coverage that the Western Chain would give
over the Bay of Biscay. A suggestion was made that two stations of each of
the Western and Southern Chains should be used to cover the area, but it was
impracticable at that time for any Gee chain based in the British Isles to give
cover over the Bay, 400 to 500 miles from the nearest possible site. All that
could be expected was that Gee would give the dead-reckoning plot an advanced
springboard well to tlie south-west and provide reasonable homing facilities
for the return journey. On 4 December 1942 all work was stopped on the
Western Chain, and instructions were given for dismantling the sites. With
the invasion of North Africa the strategic situation had changed.
Western Chain was no longer con.sidered suitable, Headquarters Coastal
Comm^d was again asked to review the need for a South-Western Chain.
The Air Officer Commanding-in-Chief held the view that if Gee fixes could be
provided as far as possible in a south-westerly direction from Lands End, the
subsequent navigation errors of aircraft operating against U-boats and with
convoys in that area would be appreciably reduced.® Furthermore, with the
need for operating against U-boats irrespective of the weather in the area
or at base, the provision of a Gee service for Coastal Command stations in
South Wales. Devon, aird Cornwall would greatly help aircraft navigating to
and from weather-bound bases.

The building of such a chain was held in abeyance for a time pending the
decision on whether Gee should be installed in Coastal Command aircraft.
Finally, a legitimate need for Gee in Coastal Command was recognised, and plans
were prepared for the building of a site which would give low-flying coverages
from 2,000 to 5,000 feet over the South-Western Approaches and the best
possible cover over the Bay of Biscay. To meet such a requirement, sites had
to be chosen as far south as possible, with a D slave in Wales to extend the
coyer to the re^ons south of Ireland. It was made clear that as far as possible
existing C.H. sites should be used to minimise the building effort. In January
1943 sites were suggested at Hawks Tor for the master, and at Worth Matravers,
Sennen and Folly for the slaves, with a promise that such a chain could be
erected in six to eight months. Ground transmitters and receivers had already
• A.H.B./IIE/113/6. R.D.F. Chain Exec, Committee  B(Gee).
*A.M. FUeC. 17445/44.
‘ .KM. File C.1744S/44, and A.H.B./II/e9/2I0.
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been provisioned and could be supplied without prejudice to other projects.
The site at Hawks Tor was soon abandoned because locking signals were not
obtained at Worth Matravers and Sennen during tests, and a new master site
was selected at Sharpitor, near Yelverton. Although a reduced-scale monitor
station was to be used, two monitors were needed, one to monitor Worth

Matravers and Sennen and the other to monitor Folly. This was arranged by
using West Prawle to monitor the southern stations and the second C.H.
channel at Trerew to monitor Folly.

The South-Western Chain was ready to operate by 17 July 1943, and Head
quarters Coastal Command was anxious to start right away as 50 aircraft had
been fitted with Gee by that date. The question arose, however, whether the
operation of the chain on the new frequency band, 20/30 megacycles per second,
should be delayed in order to give Bomber Command the first possible tactical
advantage of using a new frequency in the area where jamming was most
troublesome. Headquarters Bomber Command did not wish to use the new

band until 1 August 1943, when the bombing of targets further afield than the
Ruhr was to be started, and the decision therefore rested on the comparative
operational value of immediate use of the chain to Coastal Command and a
fleeting tactical advantage to Bomber Command. Jamming had become such

a menace that it was finally decided to wait until 1 August 1943, when Bomber
Command could use the new frequency in an area more liable to jamming than
that in which Coastal Command aircraft operated. Meanwhile, in February
1943, an alternative to the South-Western Chain was proposed by Headquarters
Coastal Command, to cover the North-Western Approaches. By this time,
however, the preliminary arrangements for the South-Western Chain had

progressed so that it could be completed in four montlis' time. On the other
hand, a North-Western Chain would take at least eight months to build. In

addition, it was now certain that a Loran navigational chain would cover the

North Atlantic, and although it was impossible to say when this would be

available as its development was the responsibihty of the United States

authorities, it was known that they were anxious to complete it as soon as
possible.

North-Eastern Chain

By midsummer 1943 Gee had proved itself to be invaluable in aiding
concentration of attacking aircraft over the target area, assisting in wind velocity
determination, emd in ensuring accurate tracking in order to avoid defended-

areas. In target location it was subject to limitations of range and also to an
increase in possible errors with an increase in range, and it was too inaccurate

for blind bombing. Much of its value for minelaying operations depended on
whether or not the area to be marked was a restricted area in a channel, and

also on the angle of cut-off of the lattice lines in the target area and their
relations to the margin of error permissible in laying mines. The danger of
homing and landing large numbers of bombers in a short time in indifferent
weather was greatly reduced by the aid of Gee, and investigation into the effect
of Gee on the casualty rate showed that it tended to reduce the number of
aircraft missing and damaged probably because aircraft in which it was installed

were able to maintain position in the main stream. It had also reduced

appreciably the proportion of aircraft landing away from their own bases on

return from operations.
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By then four chains existed, covering practically the whole of the United
Kingdom coastline.^ The Northern Chain covered Norway, Denmark and
far south as the Frisian Islands, with a considerable backward cover over the
north-east Atlantic, The Eastern Chain had two lobes, the main one covering
north Germany, south Denmark, the Ruhr. Holland, Belgium and France
far west as a line from the Somme to Dijon. The second lobe, which was not
of much operational value, covered the Cherbourg peninsula and the northern
coast of the Brest peninsula. The Southern Chain cover extended over western
France, the Bay of Biscay as far as the Spanish coast and some distance west,
and, in good atmospheric conditions, north Italy, giving for some unknown
reason much better results than the Eastern Chain. The South-Eastern Chain
was a miniature chain entirely for the use of craft of Combined Operations and
gave sea-level cover to the Eastern Channel and the Dieppe area of France.
The South-Western Chain just coming into use covered the Bay of Biscay and
gave extended cover over the east Atlantic. The chains thus provided
navigational assistance to all equipped aircraft operating within roughly 300
miles of the shores of the United Kingdom.

After the Northern Chain had been in operation for a few weeks navigators
reported a gap in coverage between the Northern and Eastern Chains.® In
May 1943 Headquarters Bomber Command asked for test flights to examine
the coverage between the two chains and a number of flights were made by
the T.R.E. from the R.A.F. station at Wick in conjunction with the Coastal
Command Development Unit between 31 May and 10 June 1943 to discover
the limits of the gap.® The tests showed that there was a corridor in the
middle of the North Sea extending from the coast near the Hxunber to
the coast of Denmark in which Gee was inaccurate and where Gee signals for the
most part were not received from either chain. If Gee was to be used in
the middle of the North Sea it was evident that a North-Eastern Chain was
essential. Unfortunately incxeasing demands in the Mediterranean theatre of
operations arose at that time and resulted in the first heavy Gee mobile stations
being deployed in Italy. Consequently the North-Eastern Chain programme
was temporarily shelved as further equipment was not then available. In
December 1943 the question of the chain was reconsidered at the request of
Headquarters Bomber Command, who pointed out that such a chain would
prevent wastage of operational crews and aircraft, and it was decided to

«A.H.B./II/69/210.

Frequencies were allocated as toUows :—

as

as

Frequency in
megacycles
per second.

Normal time
Osde-Word. Users. of

transmission.

43-0

44-9
Utah

Carolina
Northern Chain

Southern and South-Eastern Chain

Not yet in use
Eastern Chain and Southern Chain when
Mark 1 receivers in use

Emergency frequency (XF)

U<0ft-10-00
17-00-08-30 and
09'30-!3 00.

46-79

4S-75
Indiana

Virginia

Zanesville

09’30-05-30

50-5

® A.M. Fite C.30489/46. * A.M. FUe CS.19777,
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allocate the second heavy mobile cliain for the purpose, with a target date of
1 April 1944A Sites were found which met requirements and the North-

Eastern Chain was ready for testing on 25 March and became operational on
18 April 1944.2

Development of Mobile Gee Stations

The first proposal for mobile Gee, which was put forward on 6 November

1941 by Mr. Dippy, was thought to be impracticable. Siting of permanent
stations was difficult enough but positioning of ground stations likely to be
constantly on the move appeared to be impossible, involving as it would the

production of lattice charts which required sites to be accurately located every
time a unit moved.® Mr. Dippy, however, thought that it would not be

necessary to calculate lattice curves for mobile Gee, since for a small number

of targets the spot readings could be readily calculated and the reading for
homing could be obtained immediately after becoming airborne. A proposed
second method of obtaining the co-ordinates of a target was to carry out a
calibration flight but it would only be necessary when either the exact position
of the transmitter was not known, as in the desert, or the target was semi-
mobile in nature.* He recommended two types of mobile equipment; one to
act as a mobile standby, which could be rapidly installed at any of the
permanent sites, and the other to be a bombing aid for use at an advanced
base with an expeditionary force.

The Director of Telecommunications thought that a suitable lattice could be

produced quickly, provided that such a high degree of accuracy was not
insisted upon as for the permanent stations. He agreed that an alternative

was to dispense with charts altogether and to log targets spotted by recon
naissance aircraft by taking readings of the pulses when over the target. With
this information bomber aircraft could navigate to the spot at a later date
although not necessarily by the most direct route. If the mobile stations were

to remain in one place for any length of time the co-ordination of a number

of targets and landmarks would be available, and if these could be identified

with points on a map it would be possible to construct lattice charts of a rough
nature on the spot. A further alternative was the use of two stations beamed

on the target, the aircraft flying along the line of zero path difference. The
disadvantage of this system was common to all beam systems, namely, the
need for the aircraft to maintain a fairly steady course.

On 23 March 1942 the Director General of Signals put forward two distinct

requirements.® The first was mobile Gee equipment which covild be nashed
to operational permanent stations which had been put out of action by enemy
bombing, using either any towers left standing or suitable portable masts to
give limited coverage while the permanent stations were being repaired. The
second was a chain of mobile stations chiefly for use overseas. This would

»A.H.B./n/69/210.
> A.M. File C. 17329/44. The units were deployed aa follows :—

Master Station : 7711—Richmond. Yorkiihire.
B Slave Station : 7721—High Whittle, Northumberland.
C Slave Station: 7722—Stenigot, changed to Nettleton, formerly Caistor. During

tests it was found that the signal at Stenigot did not reacli the required average
strength to ensure the right standard of accuracy.

> A.H.B.yiIE/113/2. Gee Mobile Ground Stations,
‘ A.M. File C.30489/46.

‘ A.M. File C.30489/46.
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consist of a master, two slaves and a monitor, readily transportable and
eritirely self-contained with power supplies and suitable communications, and
with a mobile printing press for preparing lattice charts. It was visualised
that the chain would be brought into use a short distance behind the front
line, giving 150 miles or more forward coverage. At that time the overseas
model was to take priority over the higher-powered but less mobile version.
A meeting was called at the Ministry of Aircraft Production on 15 May 1942 to
discuss provision of the equipments. They were agreed to in principle, and
instructions were given to the Tdecommunications Research Establishment
and the Royal Aircraft Establishment to complete  a bombing reserve and a
heavy mobUe trial station by 1 September 1942. A third type of station was
also discussed at the meeting, a light mobile for army co-operation work,
consisting of a modified aircraft receiver and a modified A.I. transmitter
installed in a small vehicle capable of being set up within twenty-four hours
of arrival on site. The range from an aircraft at 5,000 feet was expected to
be 150 miles and the accuracy similar to that of  a fixed chain at 300 miles.
The Air Warfare Analysis Section suggested a design for a mechanical device
to construct simply', rapidly, and without any calculations, hyperbolic
on a suitable graticule to provide navigators with lattice charts which could
be used with this much more mobile type of Gee convoy.

curves

It was considered possible to provide a chain of heavy mobile stations for
employment overseas by the end of August 1942, as the stations would be
constructed from equipment which had already been used in the permanent
chains thus making it possible to produce a prototype in a comparatively
short time. For the lighter and more compact equipment a completely
design was required and therefore the prototype would not be available until
much later,^ Nevertheless it was considered that  a chain could be provided
in nine months and a target date of February 1943 was set. At the end of
November 1942 it was finally confirmed that one heavy mobile station was
required for each Type 7,000 chain as a third line reserve and masts and aerials
were to be provided on the assumption that four chains only would be needed.
At a me.eting on 24 May 1943, however. theT.R.E. again outlined the advantages
of the light mobile Gee station, which hitherto had been looked on as merely
a theoretical proposition which might one day be needed. It was pointed out
that the assumed range of the equipment was only 20 miles less than that of a
heavy mobile from a site at sea-level to an aircraft at 10,000 feet.® It needed
less vehicles and less personnel to operate it and carried an oscillator serving
the dual purpose of providing a check signal for Gee-H and a control for Gee
work. The equipment was also designed so that when installed in an aircraft
it could be operated as a Gee responder, repeating the Gee fixes of an aircraft
both to the ground station or to any aircraft within its range. As the co
ordination of the pulses to the »cond aircraft would not have been distorted
the system could be regarded as a Gee repeater. The meeting agreed to
recommend the development of the light mobile station in view of the
possibility of its being used as Gee and Gee-H simultaneously. In the mean
time the heavy mobile station which had been installed in Crossley vehicles
at the R.A.E. Famborough early in 1943 was being tested at Gibbet Hill,
operating in place of the main station for certain periods in the Type 7,100
chain. The trials held in May 1943 were satisfactory and it was decided to

new

> A.M. Hie C.30489/46. »A.M, File C.30489/46.
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build 12 similar sets, transportable rather than highly mobile, as an interim
measure, in case a mobile form of Gee was required before the all-purpose
light mobile stations were available.^ The T.R.E. thought it would be a matter
of six months before the heavy equipment could be completed.

In order to expedite the formation of the units Headquarters No. 60 Group
was instructed on 3 August 1943 to prepare three Gee chains, each consisting
of a master and two slave stations, using vehicles from existing M.R.U,
programmes. The chains were to be used for three separate commitments.
One was to provide a fully trained and fully equipped unit which could be held
in readiness to move overseas at any time the occasion should arise. Another

was to be sited on ̂ e Eastern Chain sites to give additional anti-jamming
services for Bomber Command and the United States Eighth Air Force. The

tliird was to provide a gap-filling North-Eastern Chain, and was given priority
with a target date of 1 October 1943.* No provision was made for a monitor
station but an aircraft receiver was incorporated in the master station for

general checking purposes. The chains were to operate on frequency bands
1 and 2 and were not to be fully tropicahsed as the Gee-H light fully mobile
stations would have that facility.

Gee in the Mediterranean Air Conunand

On 8 September 1943, immediately before the landings in Italy, the Air
Officer Commanding-in-Chief, Mediterranean Air Command called the attention
of the Air Ministry to the great need for early provision of radio aids to
navigation as soon as the Italian front became stabilised.* Assuming that the
operations were successful, the Allied air forces would shortly be in a position
to operate from bases in Italy against targets in central and eastern Europe.
Conditions would be a complete change from those previously experienced,
and obviously there would be increased difficulty in navigation on both day
and night operations. Aids for accurate navigation were essential, not only
to assist crews to reach and locate their targets, but also for blind bombing.
The Commander-in-Chief emphasised that the aids should be made available

immediately if full benefit was to be obtained because the aircrews needed

extensive training. He considered that a complete mobile Gee chain of a
master and three slaves should be despatched right away so that it could be
sited in central Italy, as soon as the territory was occupied by the Allies, to
provide navigation and homing facilities for aircraft of the Strategic Air Force
operating northwards from the Rome area and for aircraft of the Special
Operations Executive operating eastwards from Foggia. Gee installations were
required in all the heavy day and night bomber aircraft of the Strategic Air
Force. Of the 160 aircraft in that force, 60 had sdready been wired, and a
number of navigators had already been trained in the use of Gee, wliilst all
25 aircraft of the Special Operations Executive were already wired.

The requirements were agreed to in the main by the Air Ministry on 13 October
1943 although it was decided that Gee was not to be supplied at the expense of
Bomber Command and the United States Eighth Air Force who were fully
engaged in the strategic bombing offensive against Germany, then reaching its
peak. Gee equipment for instaUatioE in Fortress and Liberator airctaft of the

‘ A M. File C.30489/46.

»A.H.B./IljI/84/502. Mediterraaeaa Air Coromaad Navigational Radar Aids,
» A.M. File C.30489/46.
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American component of the Mediterranean Air Command was to be provided
in phase with the delivery from the U.S.A. of aircraft wired for Gee/Loran,
the responsibility for ensuring that they were wired being that of the U.S.A,
authorities. An installation programme for pathfinder aircraft was to be given
priority, to be foUowed by programmes for night bomber aircraft, Special
Operations Executive aircraft, and the Liberators and Portresses. The prop<^
for a four station star Gee chain in Italy was considered impracticable as it
was improbable that a radio lock could be obtained between stations straddling
the Apennines. A plan was accordingly made for a chain of three stations to
be sited along the east coast of Italy, to give accurate fixes over the Balkans,
Hungary, and Austria as far north as Vienna.^ This primary chain was to be
operational by the end of December 1943 and was to be reinforced by a second
chain as soon as possible, the latter giving fixing cover over the north Italian
plain up to the Alps.*

An experienced siting party was sent out from England in November 1943
to assist in choosing the best locations and returned on 17 December, having
made their decisions. As the fall of Ancona (which was to be the northern slave)
still seemed far distant a temporary scheme was proposed by the Air Staff of
Mediterranean Air Command involving the use of the original master and
southern slave sites to give position lines covering the north and east, with a
new third site just south of Fogpa, the equipment on this site being phased up
as a D slave station. This chain was expected to provide the same coverage
except that line bearings only would be available at longer ranges. Accurate
fixes would be provided over the central Adriatic and the airfields in southern
Italy. Above all, good homing facilities would cut down the large number of
aircraft failing to return to base.

The proposals for an interim chain were finally approved by the Air Ministry
and a meeting was held on 30 December, the original target date for the first
chain to become operational, to discuss the sites and the production of suitable
charts for the stations, which were now named Lanciano for the master. Monte
Saint Angelo for the second slave, and Ascoli as the sub-slave. Ancona
still to be regarded as the first slave and would be set up as soon as pos.sible.®
Arrangements were made to produce the lattice charts for the three stations
by a new rapid system of computing, bringing along the final chart for the
whole chain later by the slower but more accurate method. The temporary
charts were to be completed as soon as possible, at the latest by 1 February
1944. and the permanent sets were to be completed some eight weeks later.
However, the new method of computing proved to be  a failure and the charts
had to be prepared by the old system. Meanwhile, in view of the urgent need
for Gee in Italy, an attempt had been made to despatch one station during
‘M.A.A.F. O.R.B. Signals Appendices, January 1944.
’ The stations were to be sited as follows

Master station near Pescara.

Southern slave station on the spur of the ' Italian Boot ’.
Northern slave station near Ancona.

The stations of the second chain were to be as follows;
Master station on Monte Amiata.
One slave station on Island of Elba.
One slave station near Vicion.

• A.H.B./IIJI/84/502.
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September 1943, but the non-delivery of transmitter and receiver modifications
made this impossible. After this delay every effort was made to get three
stations off, one in October, one in November and the third in December 1943,

so that the chain might become operational at the end of that month, but
again months went by without the equipment reaching the Mediterranean Air
Command.*

The first mobile chain was eventually formed, at Royal Air Force. Renscorabe
Down, under the control of Headquarters No. 60 Group, in October 1943, and
following its completion, the convoys were sent on 8 November to the Eastern
Chain stations for one week to carry out Service trials.® The trials were success
fully completed on 22 November 1943 and the convoys were sent to Cardington
for despatch overseas. Two stations reached Bari by January, and a third a
few days later, and it was expected that the chain would become operational
by mid-February 1944. It was controlled operationally by the Strategic Air
Force of Mediterranean Air Command, who handled operational details,
authorised operation, and co-ordinated requests for the service. The command
ing officer of the master station was in charge of the chain and acted as adviser
on the staff of Headquarters Mediterranean Allied Air Force on technical and
operational details of the system, the chain being assigned to No. 205 Group
for administrative purposes. To obtain full operational value from this equip
ment it was essential that the element of surprise was maintained. Therefore

it was not used in training or for any other purjxjse until authorised by
Headquarters Mediterranean Allied Air Force, The aircraft equipment could
be installed for testing but was not in any circumstances to be flown on

operational missions until the system was ready to be used. All conditioning
run-ups of the ground equipment were carried out with the aerial system
replaced by a dummy load, actual transmission only taking place for essential
tests. This meant that no practical experience was gained by either air or
ground crews, and when Gee eventually came into operation there was an

interim period when both were feeling their way.

In March 1944 work began on the slave stations at Ascoli, Satriano, and San
Giovannichio, but the master site was still under fire.* In April 1944 a new
master site was chosen at Palata, 15 miles south-west of Termoli. Approval
was obtained from Headquarters M.A.A.F. and the Air Ministry, and by I May
1944 the charts had been drawn locally and the new chain was undergoing
tests. It was estimated that the accuracy of this chain, while being lower than
that of the original interim chain, would be sufficiently good to give adequate
homing facilities in the Foggia area and reasonably good position lines elsewhere.
The chain was not put into operation, however, until it was proved that any
inaccuracies were not large enough to be a source of danger to aircraft using
the charts and that the accuracy of the charts was sufficient to be of definite
use. As a result of air tests carried out it was decided that the chain was

sufficiently accurate for the operational requirements of the aircraft of the
Strategic Air Force and the chain became operational on the frequency of
22 • 9 megacycles per second.

> A.M, FUe C,30489/^46.

• The convoys consisted of one transmitter vehicle, one receiver vehicle, one aerial trailer,
one winch vehicle and one power vehicle, and were fitted with W/T.

’M.A..\.F. O.R.B, Signals Appendices, 1944.
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It was not a great success technically, difficulty being caused by the very
high noise-level introduced into the chain telephone circuits by adjacent
electrified railways, and interference was picked up from one of the Gee chains
in England. This trouble was mutual and the Italian chain was ordered to
change to 29-7 megacycles per second. Maximum ranges of 400 miles
obtained with consistent ranges of 250 miles, and signals were picked up at
both Bizerte and Algiers. However, with the temporary sites and locally
produced charts, accurate fixes could not be obtained beyond 125 miles from
Foggia, although accurate homing to within 100 yards was reported in that
area. Despite the various troubles with equipment, and the delays which
due to the fact that the front line moved forward only very slowly, the formation
of the chain of ground stations had progressed relatively smoothly. On the
aircraft installation side, however, questions of priority for men and equipment
arose between Headquarters Mediterranean Air Command and Headquarters
Bomber Command, and up to the end of April 1944 no British aircraft had been
completely fitted with Gee although the ground stations were ready for operation
by 1 May 1944. Then sufficient aircraft equipment was collected from the
various maintenance imits to enable a large part of the installation programme
to be completed, and as a temporary measure radar mechanics were withdrawn
from the Mediterranean Allied Coastal Air ForCe.^ Gee was eventually brought
into use, and the ground stations in Italy, now called the Adriatic Chain, became
operational on a 24-hour basis on a frequency of 29-7 megacycles per second,
on 24 May 1944. The system was very favourably received by aircrews and
on many occasions was instmmental in enabling lost aircraft to find their way
back to base in adverse weather.

During July 1944 the Gee chain was primarily concerned with the move of
two of its stations from their interim site to the final area. The master station
site at Lanciano was first inspected on 27 June 1944 and the B slave site at
Ancona on 28 July 1944. A few days later the standby equipment from Ascoli
and Palata was moved to the new sites, while the main -equipment was left
behind to continue transmission on Grade B. After some delay at the Ancona
site the chain went on the air for test on 7 August 1944. The trials proved to
be satisfactory and the final chain was opened up and the interim one closed
down on 11 August 1944. The chanp was effected without a break in the Geeservice despite the fact that one station had to move nearly ,300 miles. During
the three months of operation of the interim chain consistently reliable service
had been given throughout, although it was used almost exclusively for homing.
The locally produced charts proved to be accurate and the experience gained
made it possible for Headquarters M.A.A.F. to produce charts at very short
notice for a subsequent project. With the new chain, fixes were obtained
regularly up to 380 miles in a north-easterly direction and in some cases up to
400 i^es, position lines being obtained well beyond the fixing
reaction to the new chain by navigators was very satisfactory, for whereas the
interim chain was used mostly for homing, the new chain was used as a
navigation system practically all the way to and from the targets. Aircraft
equipment gave but little trouble, and performance of the ground stations,
except for the D slave at Ascoli, which was technically weak, was highly
satisfactory.

were

were

area. The

‘ M.A.A.F. O.R.B. Signals Appendices, April 1944.
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On 22 July 1944 arrangements were made for Headquarters No. 60 Group to
begin preparing three light transportable Gee units for transport by glider. It
was proposed to drop equipment and crews for a complete light chain in the
French Alps to provide cover for landings in the Toulon-Canpes region. Three
e.xperimental prototype Gee-H stations of No. 72 Wing built by the T.R.E.
were chosen for the purpose.' The equipment was originally intended for use
by the 2nd Tactical Air Force in Normandy and had just completed field and
technical trials and had been found reasonably satisfactory for use with Gee.
The three units were moved to Cardington where the technical equipment
split down as far as possible into units of 40 pounds or less, packed in light
cardboard cartons, waterproofed in balloon fabric, and fitted with carry'ing
braces. Only the masts and petrol electric generator sets could not be brought
down to loads capable of being man-handled. Following a map survey of
possible sites by No. 72 Wing it was decided that at least as good a cover could
be provided by siting the stations at Asinara (off north-west Sardinia), near
Galena (north-west Corsica) and near Utelle (north of Nice, France). Apart
from the risks of an airborne landing, optical locking paths were very difficult
to find in the area north of Marseilles-Nice, and they were essential in that
sort of terr^n. Those that could be found were limited to 40 miles, giving a
short base-line and consequent inaccuracy, and would have meant the master
and western slave stations being sited in politically undesirable areas,
addition the alternative proposals had the advantage that in the event of the
UteUe station being forced to destroy its equipment or being unable to reach
its site, there would still be the Galena and Asinara stations giving position
lines. On 2 August 1944 the crews and their equipment emplaned for the
Mediterranean in five Dakota aircraft provided by the Allied E.vpeditionary
Air Force. When the parties arrived at Headquarters M.A.A.F. the revised
proposals for the siting of the new chain were adopted.

was

In

On 6 August 1944 a siting party of four officers reached Corsica and went
by road to the nearest point to the site near Galeria, chosen in the map survey
for the master station. The site lay on a ridge 2,500 feet high, to the west of
the Calvi-Ajacdo road south of Calvi, and was approached by foot, taking an
hour to reach. On 7 August 1944 the party flew on to Alghero in north-west
Sardinia and Asinara was inspected from the air. The site was reached after
an hour’s ride from the quay at La.ssaretto but when tlie party arrived there
they found that a U.S.A.A.F. V.H.F. D/F station was already in p>osition.
However a point slightly west of and screened from the D/F installation
chosen for the Gee station.

was

A.M.E.S. Nos. 101 and 104 were installed in their
respective sites at St. Catherines and Alghero by 11 August 1944 and arrange
ments were made at Algiers for A.M.E.S. No. 102 to be dropped to the Maquis.
This plan once again fell through, however, and a map survey was carried out

site on Monte Cipolla, near Cap Corse. It was 4,000 feet high, of which
only 1,000 feet was covered by road. As with A.M.E.S. No. lOl, mules were
used to transport the equipment to the site, but in this instance the mules
were unable to reach a point more than 3.500 feet high, and for the rest of
the way the equipment had to be man-handled. On 14 August 1944 all tliree
stations went on the air and were ready to become operational. The
operation of the Corsican Chain during the landings on 15 August 1944 was,

on a

‘ M.A.A.F. O.R.B. Signals Appendices, August 1944.
Nos. iOl. 102 and 104. The three units were A.M.E.S.
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however, somewhat marred by the faUure of the B slave at the last minute.
Position lines were available from the other two stations and provided the troop-
carrier pathfinder navigators with excellent check points for crossing the
French coast. In October 1944 the mobile stations were sent back to the
United Kingdom for use in northern France.’

Headquarters M.A.A.F. found, on the whole, that the prototjipe experi
mental equipment, which had been used for the Corsican Chain, was scarcely
robust enough for use in the conditions encountered in the mountainous
regions of that land. Duplicate standby equipment was needed, and. above
all, more than three hours were required for ironing out teething troubles after
installation. The climate of the Mediterranean theatre gave propagation
conditions in the summer which made it weU worth while using base-lines
which, in the United Kingdom, would be considered dangerously large for
light equipment- Provided that there was an optical path between sites,
base-lines of 100 miles appeared to be fully practicable. It was also found that
sufficiently accurate lattice charts could be produced in under five days in
field conditions with a minimum of equipment.

Gee in the Liberation of North-West Eturope
It was realised at a very early stage that the Gee system would be of immense

value during the projected landings in Normandy and afterwards when the
-\llied forces crossed the Continent to Germany, and planning therefore started
months before even the size of the air force to be used was known. There
were two main problems which were discussed at length by the Air Ministry,
Headquarters A.E.A.F., and Headquarters No. 60 Group.* These were the
expansion of Gee coverage at home, and the supply of Gee during the Allied
forces’ advance across Europe.

The Southern Chain was obviously to play a vital part and would be used
extensively both by air and sea forces. In order to strengthen its eastern
section along the south coast, the South-Eastern Chain, consisting of Truleigh
Hill and Canewdon, was to be merged into the main Southern Chain, the two
stations acting as additional slaves. To increase further the usefulness of the
Southern Chain it was decided to increase its frequency range.
1943 the chain had become operational on Band I so that it could run
simultaneously on the 20/30 megacycles per second band and the 40/50 mega-
r.ycles per second band. But the enemy was already aware of those frequencies
and owing to the threat of jamming it was essential to bring as many frequencies
into play as possible on this chain, using a fresh one as the previous one became
jammed. The minimum number of frequencies needed to give reasonable
security was three additional transmissions in the 50/80 megacycles per second
band from four sites, requiring a total of twelve transmitters. This
achieved by instaUing the third heavy mobile type 7000 chain at the master
and two slaves of the Southern Chain, the masts being used for Band III arrays.®
This mobile chain was then itself expanded to provide the three extra frequencies
needed, by the addition of two further sets of GL transmitters and

In November

was

receivers,

’ A.H.B,/IlE/44. A.M, Signals BnUetin, October 1944. Section D.
»A.H.B./ID4/177. Radio Aids to Target Finding, Gee and Gee-H.
»T.R.E, FUe D.1235.
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suitably modified to cover the Gee frequency bands. The target date set lor
completion of the task was 1 March 1944. Although the frequencies were
actually available by this day only one was operated on 1 May^ the other two
being withheld until D-Day to effect the maximum surprise, and to delay
enemy countermeasures. • *

The first step in the extension of Gee coverage to the Continent was to
estabbsh the Channel Chain as soon as the landings had been accomplished.
It was to consist of'a master station at Truleigh HUl. a B slave at Canewdon

and a C slave near-Cherbourg, and Headquarters No. 60 Group had prepared
a plan for deploying the ground stations as the Allies advanced acrcss the
Continent.*^ The plan was divided into five phases and. maps were drawn
showing the proposed locations of the stations for each phase and estimating
cover at heights of 5,000, 10,000, and 20,000 fhet.- In general, the plan was
designed to provide a steady improvement of cover, particularly at low
altitudes, over both the presumed active areas of operations and also over
possible airfield areas, but was not to impair in any way the Gee cover provided
by the chains sited in the United Kingdom. As the position of the military
front had to be assumed at certain dates the whole planning was hable to
alteration in the light of subsequent events, and each phase would in fact be
put into effect when and where tlie military situation demanded.

Gee was not the only navigation system to be used on the Continent, and,
in order to manage the numerous ground stations which were to be employed
imder the control of the Air Ministry through Headquarters No. 60 Group, it
was decided to form a wing to organise the stations in the field. With the

reshuffle of signals wings in the north of Scotland, No, 72 Wing had become
redtmdant and was reformed to take charge of the radio navigation aid (R.N.A.)
stations on the Continent. There were many problems to be faced since
although No. 72 Wing units were to be under the administrative control of

Headquarters 2nd T.A.F,, the stations could be deployed anywhere on the
Continent, and the majority were to be in the American areas many miles from
the 2nd T.A F. sphere of operations. The wing was to move to north-west

Europe after the firm establishment of a beachhead and was mainly to provide
an extension of R.N.A. cover. Day-to-day administration in the operational
theatre was to be maintained by Headquarters No. 85 Group. A small equip

ment section was formed at R.A.F. Cardin^on to deal with the equipping of
convoys and to act as a marshalling point prior to the calling forward of convoys
into concentration areas. On formation, crews and convoys were sent to

K A.F. Renscombe Down for training and kitting prior to embarkation. When

training was completed they collected their vehicles from RA.F. Cardington
and were dispersed to No. 60 Group outstations to await caUing forward. The
forward element of Headquarters No. 72 Wing was to proceed overseas with
the first crews on or about 31 July 1944 according to the military situation.
This forward element, together with A.M.E.S. 7921 (heavy-type Gee) and

»A.M. FUe S.10512.

* A.H.B./ID4/177. The phases were
Phase A D -t 60
Phase B D -t- 90
Phase C D 150

Phase D D -f- 210
Phase E D q- 330
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A.M.E.S. No. 116 (light Gee-H}, was to be set up in the vicinity of Anneville-
en-Saire in the Cherbourg peninsula, and it was hoped to have a main head
quarters forward between 31 August and 15 September 1944.

While plans were being made to give the best possible cover with Gee in
the all-important north-west Europe campaign, an incident occurred which
confirmed what had been anticipated early in 1941 and expected ever since
Gee was first used in ^farch 1942. On 24* February 1944 one of the German
pathfinder aircraft shot down was found to have installed in it the remains
of one of the latest British Gee sets.* If properly used with the British ground
statioris the set enabled the enemy to navigate with great accuracy to any
point in a large area of England. It was therefore decided to introduce on
1/2 March 1944 the simple Gee coding which had been prepared soon after the
idea of Gee had first been accepted. Coding was only to be used at night and
initiaUy was to be Umited to the Southern and Eastern Chains. After four
weeks use of coding it was found that the enemy could stiU intercept the code
changes and could give his crews the code number in use before they became
airbonie. It was also apparent that coding was complicating the task of the
navigator considerably. A method was therefore developed which enabled
coding to be applied only during enemy activity over this country. Head
quarters Air Defence Great Britain ordered the ground stations to bring in
coding a.s soon as enemy aircraft approached the coast. ' Blinking' of the
master station transmission was introduced at the same time and continued
during the period of coding so that the crews in the air would know that coding
was being applied and would read the appropriate figures from the cards
which were carried in the aircraft. Coding ceased as soon as the raiders
recrossed the coast and interference to Allied users was therefore cut to a
minimum. This method was proved operationally satisfactory and was
introduced generally on the Eastern and Southern Chains on 1 April and on
the South-Western and North-Eastern Chains on 15 April 1944. Phase coding
was cancelled altogether during the period between D minus 2 and D plus 2 to
ensure that crews of ships and aircraft had the simplest of Gee operating
perform at such a critical time.* It was particularly essential that this should
be so for the airborne forces operations, when accuracy w-as of primary
importance. It was suggested that the dropping of the coding on D minus 2
might lead the enemy to believe that ’ Overlord ’ was imminent, but the risk
was thought to be lessened by the fact that a new frequency would be brought
in on this day as though it were just a continuance of the policy of making
every endeavour to combat enemy jamming.

to

The two remaining frequencies for the Southern Chain, withheld until
D minus 2, were to be brought to life with the code-word ‘ Domino Double-sLx
At 1500 hours on 3 June 1944 the code-word was received and the two new
frequencies were brought into use. A few minutes after, the operation was
cancelled for twenty-four hours because of the weather. It was too late by
then to take the chain off the air but no harm appears to have been done as the
plan was completely succesful and the Germans utterly misled.® In addition
to the surprise use of the five frequencies, the jamming stations were heavily
bombed prior to the landings, and the disastrous effect of the bombardment

* A.H.B./1D4/J77. »A.H.B./m4/l77. * A.M. FUe C.i7l8S/44.
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coupled with the skilful use of the frequencies completely silenced the German

jammers, making Gee reception on D-Day perfect—^to such an extent that

some suggested that it should have been called G-Day,

Both British and American troops were accurately dropped in the chosen
zones by Gee-navigated aircraft. British and American bomber formations

used Gee to help both general navigation and location of the beaches, which
they heavily bombed before the actual landings, and the sea-borne forces were
able to use Gee to make accurate landfall on the selected beaches. No. 8 Group
employed a combination of H2S and Gee to ensure that aircraft bombed their
correct targets in northern France. In addition to its normal use of providing
a navigation aid for all the air forces engaged in the operation, the Southern
Chain was also used by the Allied Naval Combined Expeditionary Forces to

direct the mine-sweepers which preceded the main force, and then to navigate
the entire main force through the swept channels to the beaches.' The intricate

navigation for the convoy simulation part of D-Day radio-countermeasures

operations was carried out by No. 617 squadron with the aid of Gee. It took

part in the diversionary operation ‘ Taxable ’ in co-operation with the Royal
Navy and used Gee lattice lines to enable a naval attack on Cap d’Antifer to be
simulated. To ensure success the 16 aircraft were each fitted with two Gee

sets and carried two navigators, the results making very worth-while the
trouble involved.

Once a beachhead in Normandy had been secured the Channel Chain,
consisting of a master and slave in the United Kingdom and a second slave in

Cherbourg, came into force.® Originally the latter was to be a heavy mobile
station shipped across on D plus 30, but because of the sudden break-through
from the bridgehead it was not until 30 July that A.M.E.S. No, 7921 reached
French soil. It travelled in the first convoy of No. 72 Wing along with the
forward element of the headquarters and A.M.E.S. No. 116, landing on the
beaches after a very easy journey. AU tliree elements reached Anneville-en-

, Saire the following day and were sited adjacent to one another, A.M.E.S.
No. 7921 becoming operational as the C slave of the Channel Chain on 23 August
1944. As soon as the chain became operational, the heavy mobile equipment
used on the Southern Chain was withdrawn and renumbered to the Continental

chain number series of 7900 and moved overseas to form the first Continental

or Rheims Chain. With the break-through at St. Lo, and the collapse of all
German resistance in northern France and in Belgium, modifications had to be

made to the Gee plans and all but one of the five chains envisaged became
redundant.

Rheims and Ruhr Chains

Headquarters No. 60 Group was the responsible authority for Gee on the
Continent and had a very broad field of planning to cover, A scheme for moving
the Gee stations was eventually roughed out at Versailles, taking the require
ments of Bomber Command into consideration, and Headquarters No. 72 Wing
was visited next to discuss the methods of achieving the plans produced.
Here there was a large collection of maps from which a series of possible sites
were chosen. When these had been whittled down to  a minimum/No. 72 Wing

' A.H.B./IIE/1S9, Section XXIII, Air Staff S.H.A.E.P, Air Signals Report on Operation
‘ Overlord from assault to the cessation of hostilities.

» No. 72 Wing O.R.B., July 1944.
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mobile siting parties went out to reconnoitre the positions selected. The parties
consisted of one 15-cwt. truck carrying a radio transmitter and radio test gear
for testing locking conditions. With the vehicles went a radar specialist with
a flair for siting, a Directorate of Military Survey representative, and a sergeant.
Gee coverage was needed most when the front line was fluid and it was therefore
imperative that Gee chains could be rushed forward with as little delay as
possible. To accomplish this it became the general principle to move the light
mobile stations (Gee-H Type 100) up to the sites and then to bring the heavy
mobile stations (Gee Type 7000) up later when the situation was stabilised.
As the Tactical Air Force mainly flew at low altitudes Gee stations had to be
sited on hill-tops to give the necessary range. When the front moved forward
hill-tops were not always cleared up immediately and siting parties moved with
the infantry, often carrying out their job under enemy fire. As soon as the
site had been approved, the survey representative set to work and the
ordinates were signalled back to Headquarters No. 72 Wing, and thence to
Headquarters No. 60 Group, finally reaching the Air Warfare Analysis Section
within 20 minutes of leaving the front line. Here  a considerable number of
computors worked to produce a preliminary issue of charts in seven to ten
days, as opposed to the normal period of nine months. Thus a light mobile
chain could be brought forward in a matter of two weeks. This, then, was the
organisation under which a number of Gee chains sprang up throughout Europe
to give valuable assistance to the supporting aircraft.

The plans for the first Continental Chain, which was to cover the Cologne—
Stuttgart area, were radically revised and it became known as the Rheims
Chain. A master station, two slaves, and a monitor, were on site by 4 October
and operational by 5 October 1944 on a frequency of 83-5 megacycles per
second.i Immediately after this chain became operational the master station
caused very heavy interference to an American radio equipment, AN/TRCl,
which was sited nearby. The problem was overcome by taking the Gee chain
off the air until 11 October while the radar was resited outside the interference
area. The D slave of the chain became operational by 24 October 1944, but
although the Rheims Chain was fully operational, lattice maps were not available
for some considerable time because priority had been given to map production
for a second continental chain. By 2 November 1944 maps were finally available
for the operational areas but there were still no charts for the base airfields in
the Paris and Dijon regions.®

At the same time as the Rheims Chain was going into operation a second
chain, to be called the Louvain Chain, was planned, primarily for the northern
sector of the front line in the Lowlands. Its object was to give better cover
over the Ruhr valley but because the battle had developed into almost a rout
at this stage, the selection of sites was achieved by photo-interpretation and
maps. Light mobile Gee-H stations (Type 100) were to be used and a master.
A.M.E.S. No. 107, and a slave, A.M.E.S. No. 106, were sited and became
operational on 9 October 1944. The Type 100 stations were to be replaced with
‘No, 72 Wing O.R.B., October 1944.

Master station :

B Slave station :
C Slave station :
D Slave station :
Monitor station ;

»A,H.B./nE/159. Section XXIII.

co-

The stations were deployed as follows •
7912—Rheims

7925—La Capelle
7926—^Ligny
7924—Estissac
7931—Mourmelon
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heavy mobile stations as soon as they could be brought up.*^ The enemy,
however, eventually made a determined stand along the Moselle, the Germany-
Belgium frontier, and in southern Holland. As the selected B slave site at
Eindhoven was still well within German'held territory it became necessary to
resite this equipment at Tilburg, after nearly all the maps for the chain had
been produced. The revised chain became known as the Ruhr Chain and went

into operation, using heavy mobile etjuipment Type 7000, on 23 October 104‘1,
on a frequency of 80-5 megacycles per second.* Maps were produced on high
priority and were in use while the Rheims Chain still liad very few. On
18 November, to prevent breakthrough interference between the adjacent Ruhr
and Rheims Chains, the frequencies were spread to 83*5 and 74-5 megacycles
per second respectively. The B slave of the Ruhr Chain was not satisfactory
technically and the Air Ministry .suggested closing down the Channel Chain to
make the C slave at Anneville-en-Saire available to take the place of the defective
equipment at Tilburg. The United States Ninth Air Force did not agree to this
proposal as the Charmel Chain provided the only charted coverage in its base
areas. As a result the Air Ministry suggested shipping a light Type 100 mobile
station from the United Kingdom to replace the C slave at Cherbourg while the
heavy mobile Type 7000 station was moved up to the B slave of the Ruhr

Chain, and this plan was agreed to by the Air Staff of S.H.A.E.F.

However, shipping difficulties delayed the replacement and the Channel

Chain had to operate without its C slave, thus providing only single ‘ line of
position ' coverage from the master station at Truleigh Hill and the B slave at
Canewdon for roughly the first half of November. This meant that there was

no base area coverage for the United States Ninth Air Force until 13 November
1944, as the base area charts did not become available until that date. On

26 November 1944 S.H.A.E.F. finally agreed to closing down the Channel Chain

as by then it had ceased to contribute useful cover over the Continent. The
Chain went off the air on 2 December 1944 and the  C slave. A.M.E.S. No, 101

a light Type 100, was moved to the Brest peninsula to become part of the
South-Western Gee Chain in the United Kingdom.

Cologne and Saar Chains
In the middle of December 1944 the enemy staged a counter-attack  against

the steady progress of the Allies. The spearhead of his .Ardennes offensive
struck swiftly with the obvious intent of breaking through to the coast. Reports
of considerable enemy activity east of Laroche had put No. 72 Wing on its
guard and a close watch was kept on the possible trend of enemy movements.
On 18 December 1944 the position became untenable and Laroche was evacuated
at 0300 hours. This included the withdrawal of the C slave of the Ruhr Chain,

.^■M.E.S. No, 7922, and its standby equipment A.M.E.S. No. 106, to Florennes,
which was an old R.N.A. site and fortunately had already been surveyed.
The withdrawal was successful despite the tremendous volume of military
traffic and the extremely bad road conditions due to frost and snow. No
casualties were sustained by the two units, except A.M.E.S. No. 7922, which
had to leave behind its two 105-foot masts.

* No. 72 Wing O.R.B., October 1944. The stations were to be deployed as follows :—
A.M.E.S. No. 107—Master at Louvain, to be replaced by A.M.E.S. No. 7911.
A.M.E.S. No. 105—B Slave, Eindhoven, to be replaced by A.M.E.S. No. 7923.
A.M.E.S. No. 106—C Slave, Laroche, to be replaced by A.M.E.S. No. 7922.
A.M.E.S. No. 108—D Slave, Axel, to be replaced by A.M.E.S. No. 7921.

‘A.H.B,/IIE/159, Section XXIII.
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Resiting measures were immediately introduced to ensure adequate
coverage of the entire area but some delay in perfecting the cover was
inevitable owing to the fluid nature of the front. By 21 December
stabilisation of the situation had been achieved and the Floreimes area then
appeared relatively safe. A.M.E.S. No. 106 was set up as the C slave to the
Ruhr Chain while A.M.E.S. No. 7922 was given a thorough overhaul. The
chain was renamed the Cologne Chain and, pending the production of lattice
charts, it was available for target fixes.^ By 26 December 1944 it was apparent
that there was little prospect of an early return to the Laroche area and
A.M.E.S. No. 7922 was established as the C slave of the Cologne Chain, with
A.M.E.S. No. 106 as standby. Lattice charts of the operational area in the
Ardennes were produced on high priority and were available in the latter
part of December. The improvised chain proved invaluable for night photo
graphic work in the area of the enemy Spearhead as well as for medium-bomber
aircraft attacking communication centres immediately to the rear,*

Gradually the enemy penetration was reduced and towards the end of
January 1945 the Laroche area was pronounced relatively clear and plans were
made to re-establish the Ruhr Chain.® A.M.E.S. No. 120 (light Type 100) set
off on 18 January to prepare the way for A.M.E.S. No. 7922. Heavy snow
falls, layers of mud three feet deep, minefields, and debris, made it impossible
to site equipment and as every habitable dwelling had been destroyed during
the short-lived German occupation it was decided to postpone sending any
further units to the area until conditions had improved. A.M.E.S. 7922
returned to its former site at Laroche on 26 January 1945, where it became
operational once again as the C slave of the Ruhr Chain on 28 January, with
A.M.E.S. No. 120 as its standby.

Meanwhile, before the Ardennes offensive, planning had started on
3 December 1944 for the provision of a light mobile chain, to be called the
S^r Chain, to meet an operational requirement of the United States Ninth
Air Force.* The main function of the chain was to provide low cover for
night photo-reconnaissance aircraft working in the Saar valley. Unfortunately
the C slave site was near Saveme on a hill-top already occupied fay an American
AN/TRC-1 radio equipment. To effect a compromise on the site, interference
trials with both equipments were carried out and finished early in January
1945, the results being helpful for later sitings in the area ocaipied by U.S.A.
forcp. During the enemy offensive in the Ardennes the work on the Saar
Chain was held in abeyance for the more important task of withdrawing the
C sla.ve of the Ruhr Chain from its dangerous position. In addition, the
remaining sites of the Saar Chain were in enemy-held territory and it was
well into Febniary before the chain became operational. On 14 February
it went on the air using light transportable equipment working on 50-5 mega
cycles per second, a frequency in Band II which had so far not been pulse-
jammed by the enemy, at sites which were considerably in the rear of those

some

‘ No. 72 Wing O.R.B., December 1944.
* No. 72 Wing O.R.B,. January 1945.
* A.H.B./nE/I59, Section XXIII. The proposed sites lor the Saar Chain

Master station ; St. Avoid.
B Slave station ; Diekirch.
C Slave station : Saverne.
D Slave station ; Gondercourt.

«A.H.B./IIE/159, Section XXIII.

were :—
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originally proposed.^ The performance of the C slave was poor at first, which
was put down to the fact that it was the only unit which was operating with
a 30-foot telescopic mast. Wlien a 105-foot mast was installed it gave a
considerably improved performance.

The formation of a Gee chain functioning exclusively on light mobile equip
ment was of interest in view of the decision to use the sets in forward positions
with the minimum of delay. Early in 1945 there had been a steady flow of
the light Type 100 units from the United Kingdom, making the provision of
standby equipment for all Gee stations possible and enabling a 24-hour service
to be available for all users. There followed a period of comparative stability
of the ground forces which lasted until the beginning of March, when pressure
against the enemy was renewed and preparations were made to launch the
final offensive. No. 72 Wing was destined to provide essential support to this
plan and units were moved rapidly eastwards into advanced strategic positions
for further deployment. The light Type lOQ units, which had been mostly
used as standbys up till then, came into their own and proved to be outstandingly.
important in their new role providing highly mobile and immediate forward
Gee cover for the ground forces.

Metz and Munster Chains

After some delay due to conflicting claims for sites the advanced Saar or

Mainz Chain (later changed to Metz Chain) became operational with the Saar
Chain light equipment on 21 March 1945.* Three days later, on 24 March,
the heavy units of the Kheims Chain moved foi^vard to replace the light
equipment and the chain became fully operational with the D slave, A.M.E.S.
No. 7924. Meanwhile the Rheims Chain, which w’as now of lesser importance,
continued to function with light slaves and 105-foot towers, with A.M.E.S.
No. 7931 modified to act as a master monitor.® The original Saar chain
continued to operate until 3 April 1945 with its original standby units.* Early
in March 1945, Headquarters 2nd T.A.F. put forward an operational require
ment for a Gee chain to provide low cover for intruder Mosquitoes in the
Munster area. After some consideration it was agreed that a Munster Chain
would meet the general needs of all Allied air forces for improved Gee cover
to the north-east of the Ruhr and would provide best possible Gee cover for
Operation Varsity II, which was an airborne operation planned to secure a
bridgehead across the Rhine at Wesel.

* No. 72 Wing O.R.B., March 1945. The units were deployed as follows ;—
Master station : A.M.E.S, No. 108—Commercy.
B Slave station : A.M.E.S. No. 106—Arlon.
C Slave statioo : A.M.E.S. No. 104—Remiremont,

* A.H.B./nE/159, Section XXIII. The units were deployed as follows
Master statioo ; A.M.E.S. No. 108—St. Avoid.
B Slave station : A.M.E.S. No. 106—Diekirch.
C Slave station : A.M.E.S. No. 104—Saveme.

These later became ;—

Master station : A.M.E.S. No, 7912 (standby 108).
B Slave station : A.M.E.S. No, 7925 (standby 106).
C Slave station: A.M.E.S. No. 7225 (standby 104).

’ The Rheims Chain now stood as ;—
Master station ; A.M.E.S. No. 7931—Rheims.

B Slave station : A.M.E.S, No. 105—La Ct^elle.
C Slave station ; A.M.E.S. No. 128—Ligny.
D Slave station ; A.M.E.S. No. 124—Estissac.

‘They were A.M.E.S. Nos. 127, 131 and 132.
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The Mxmster Chain became operational with light mobile stations
19 March 1945 and Varsity II was launched on 24 March.J The weather was
ideal so that little difficulty was met with navigation. Two divisions of
paratroops were carried across the Rhine in 1.300 gliders, the majority of the
glider-towing aircraft using the Ruhr Chain, with which all operators
familiar, rather than the new Munster Chain, for which charts had only become
available two days before the operation took place. Nevertheless the latter
gave excellent cover up to Berlin and had been used by 2nd T.A.F. for special
operations, using pre-^alculated fixes before the lattice charts were produced.
When the Ruhr Chain ceased operations on 3 April the light units of the
Munster Chain were replaced by heavy units from it, thus improving the
to Berlin.

on

were

cover

Munich and Kassel Gtains

In the last week of March 1945 the First United States Army broke out
from the Remagen bridgehead and the Third United States Army crossed the
Rhine at Worms. After the airborne crossing on 24 March, British and
American forces started to outflank the Ruhr from the north, completing
the encirclement of the Ruhr when they met on 1 April. Meanwhile British
and American forces had been advancing to the north-east and east respectively.
Activity in the air was reaching an unprecedented peak. On 23 March Gee
chmns were in continual demand, the largest operational use on any one day
being recorded. Well over 7,000 sorties were flown by aircraft of 2nd T.A.F.
alone and railways leading to the northern Ruhr were cut in at least 90 places.®
At the beginning of April 1945 the Allied armies advanced to the Elbe and
eliminated the Ruhr pocket. This was the most strenuous month that No. 72
Wing had yet experienced and ended with a promise of yet further activity
to come. The military situation in Europe indicated that the final collapse
of Germany was not far distant and all R.N.A. personnel were called upon to
make every effort to provide and maintain the constantly varying coverage so
urgently required by Allied air forces in their support of the ground forces.®
On 11 March 1945 a meeting at S.H.A.E.F.. at which the .Air Ministry and
Headquarters No. 60 Group were represented, considered the R.N.A. plans for
assisting the final destruction of the German forces. Gee plans drawn up at
the meeting had, however, to be considerably altered in the light of future
events. Despite every effort there were two main causes of delay in the
setting up of the Gee chains; the military clearance, and the technical clearance,
of sites.

It had been planned at the conference to put in a Frankfurt Chain just to
the west of the Rliine but because the Allied advance had been so rapid it
was decided to send the siting parties straight to the proposed Kassel and

* The units were deployed as follows :—
Master sUtion : A.M.E.S. No. 7932—Roemand—later 7911.
B Slave station ; A.M.E.S. No. 120—Nijmegan—later 7923.
C Slave station ; A.M.E.S. No. 102—Eusliirchen—later 7922
D Slave station ; A.M.E.S. No. 129—Louvain—later 7921.

A.M.E.S. No. 102 was the first 72 Wing unit to be deployed in Germany.
* No. 72 Wing Fite 72W/2196/Org. »A.H.B./1IE/159. Section XX.\m.
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Munich Chain sites.^ Unfortunately two of the sites, Bad Homberg and
Willingen. were needed as communication centres of the 12th Army Group,
who would not allow an extra station to operate within 5 megacycles per
second of the band 70 to 100 megacycles per second. Clearance was finsilly
obtained to operate the master of the Munich Chain of 50-5 megacycles per
second at Bad Homberg immediately, and agreement was reached that the
Bad Homberg site should not be used for the Kassel D slave on 83‘5 megacycles
per second until 15 April, giving the Army V.H.F. communication units time
to find alternative sites. It was also arranged to give the Allied air forces
priority in an area within one mile of sites chosen in the R.N.A. Overlord/Eclipse
plan, but if the site was changed this priority would not automatically cover
any such revision. Consequently it was decided at  a S.H.A.E.F. conference
on 12 April to submit all planned sites to the Signal Division, S.H.A.E.F., so
that reservation could be obtained from the .Army, On the day foUow'ing
the conference, the immediate prospect of beginning operations with both
chains brightened when the Supreme Commcinder ruled that No. 72 Wing
units were to be given priority over all military Signals units, thus clearing the
sites for the two Gee chains. The Munich Chain, using the light Type 100
units already released from the Metz Chain, became operational on 15 April,
and the Kassel Chain on 17 April. The latter gave  a particularly satisfactory
performance, all signals at the ground stations being received at saturation
level.

Numberg and Bremen Chains

On 27 April 1945 it was decided to proceed with an Innsbruck Chain in order
to provide cover over Hitler's southern redoubt. This led to adjustments in
both the Rheims and the Metz Chains, the light mobile standbys of the former
being sent to Metz to release the latter's heavy units for Innsbruck. By the
end of April, three of the heavy units had moved to Tothingen before going
on to their final sites. Before the chain could become operational, enemy
resistance collapsed and the Innsbruck Chain was no longer needed. It was
decided, however, to maintain the drain as part of the post-war Gee organisation
and the units proceeded to their original sites.® Owing to a technical difficulty
over the length of the Fulda and Zinzenzell paths the functions of the slaves
were interchanged with the effect that the chain tlien looked towards central

Germany and was renamed the Nurnberg Chain, becoming operational on
26 April 1945.

‘ For the Kassel Chain sites were to be at:—

Master station : A.M.E.S. No. 7932—Winterberg.
B Slave sution; A.M.E.S. No. 120—Osoabruck.
C Slave station: A.M.E.S. No. 102—Gotha.

D Slave station : A.M.E.S. No. 131—Bad Homberg.
For the Munich Chain sites were to be at:—

Master station : A.M.E.S. No. 108—Bad Homberg.
B Slave station ; A.M.E.S. No. 106—Fulda.
C Slave station : A.M.E.S. No, 104—Neustadt.

D Slave station t A.M.E.S. No. 127—Kempenich.

• The units were deployed as follows :—
Master station : A-M.E.S. No. 7912—Hesseibnrg.
B Slave station ; A.M.E.S. No. 7925—Zinzenzell.

C Slave station : A.M.E.S. No. 7926—^Munsingen.
0 Slave station ; A.M.E.S. No. 7924—Fulda.
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The Berlin Chain was originally visualised to provide cover over north-west
Germany but the rapid advance of ground forces had caused a change in plan
and by 24 April it was evident that this chain would not be needed. Its units
were held in reserve to form a more northerly chain to cover lower Denmark,
and the Berlin Chain became the Bremen Chain. Sites were chosen and units
moved to a staging point nearby. On 4 May 1945 five Gee chains, the Rheims,
Munster, Metz. Kassel and Munich Chains, were fully operational, and both the
Innsbruck and Bremen Chains were ready waiting for the order to become
operational. The political situation suggested the possibility of a final enemy
stand being made in Norway and with the capitulation of the Germans in the
north the way was made clear for a chain to cover Scandinavia. The Jutland
Chain came into being on 18 May, the need for its provision being emphasised
by a request which the Allied Navy Command of the expeditionary forces had
made regarding Gee cover over the sea for mine-sweeping operations off north
Denmark.^

Jutland and Carcassone-Rhone Chains

After V.E. Day, there was a lull in activity while a great deal of rearrangement
of convoys and crews went on. This was caused by the return of men due to
leave the Services and the repatriation of Canadian personnel, leaving shortages
which were later made good by taking men from Oboe and Gee-H stations and
also by the change in the operational requirements of Gee. It could be used
to serve the occupation forces and to aid transport aircraft operating over
Europe, expecially those engaged on trooping to the Far East. Therefore work
did not cease on Gee, and although the Munich and Munster Chains were closed
down in July 1945. the Kassel Chain was revised and called the Central Germany
Chain and two new chains were opened, the Jutland, on 25 July, and the
Carcassone-Rhone Chain on 19 July 1945.2 For the latter the siting and
installation parties were faced with many novel situations. The high altitude
of the sites, as well as severe inclines and bad surfaces of the roads, caused
breakdowns and delays and led to man-handling of much of the equipment.
It was estimated that winter conditions would be experienced from mid-
September, and long isolation periods would be part of the units’ daily life,
so picked men. specially chosen from the physical and psychological aspect’,
were used to form the crews. The highest site was Mont Ventoux, estimated
to be 6,000 feet above sea-level.

Final Jamming Offensive

It was the Germans' claim that before the Normandy landings Gee was of
use further east than 4 degrees latitude. They arrived at this conclusion by

testing the effectiveness of jamming with captured Gee equipment and by
questioning British prisoners-of-war.^ .After the landings the situation changed

no

^ The units were deployed as follows:—
Master station : A.M.E.S. No. 7911—Ostbirk.
B .Slave station ; A.M.E.S. No. 107—Gislev.
C Slave station : A.M.E.S. No. 132—Lynvig.
D Slave station ; A.M.E.S. No. 125—Glesborg.

• The units were deployed as follows :—
Master station ; A.M.E.S. No. 108—Lodeve.
B Slave station : A.M.E.S. No. 106—Mont Ventoux.
C Slave station : A.M.E.S, No. 104—Prades.
D Slave station : A.M.E.S. No. 127—Rieutort

> A.H.B,/nE/29. A.0.I.(K) Report No. 380/45.
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and in August 1944 a jamming village (Stordorf) was set up on the Feldberg in
the Taunus area. Equipment was installed at the beginning of August, and
by September the first apparatus came into use, controlled and run by the
Reichspost Zenlralle. The countermeasures against Gee from the Feldberg site
were of a different type from those previously employed. In addition to a

number of normal Heinrich transmitters, three new types, of much greater power,
were used to re-transmit received Gee transmissions with a very slightly different
pulse recurrence frequency.^ A keying arrangement was used to produce an
imitation of the master and slave pulses. With this superior type of jammer
the Germans expected that, in the immediate neighbourhood of the site, the
pulse powers used would be so high as to jam completely the Gee cathode ray
presentation screen. At greater distances, aircraft received on each frequency
in use three or four false pictures on pulse recurrence frequencies which differed
only slightly from those used by the British ground stations. The effect produced
was one of false pictures which wandered very slowly over the true pictures so
that it was difficult for an operator to tell which was the correct set of blips.
At the outset an insufficient number of jammers were available to carry out
spoofing of all Gee chains, but by January 1945 the site was fully equipped and
the Germans were convinced of its success. With those at the Feldberg site
the total number of j ainmers in Germany reached over 270 by the end of the war.

The first time that enemy jamming really seriously affected Allied operations
was on 7 January 1945, and during February it became more intense, reaching
its climax on 2 March 1945.* On this date aircraft of Bomber Command attacked

Cologne and only the most experienced operators were able to make any use
of Gee. However, by this time the Feldberg site had been located and recognised
as a pre-war television station. On the same day fighter-bomber aircraft of

XIVth Tactical Air Force carried out a very successful attack against the
jamming station, blowing the upper three floors off the building. At the precise
moment when the bomte were timed to drop, radar operators, monitoring the
jamming at Tjrpe 7000 stations, had clear cathode ray tubes once again.
Although the action was a complete success there had been some delay between
the position of the jamming site being fixed by No. 72 Wing, the photographic
reconnaissance, the interpretation of the photographs by the Air Ministry, and
the strike action taken. It was decided that thenceforward photographic cover
would be undertaken by home-based squadrons and the photographs would be
sent direct to the Air Ministry for interpretation. It was stressed to A.D.I.

Science, the department dealing with the reports, that speed of action was
e.ssential and that it was not necessary to be absolutely positive about the site
of a jammer as sufficient strike effort was then available to attack sites classified
only as ‘ suspicious.’ Interference decreased as the Allied offensive progressed
further and further into enemy territory, and orgemised jamming of Gee chains
practically ceased with only occasional spasmodic efforts on specific raids. The
presence of one enemy jammer, located between the mouths of the Elbe and

Weser rivers, was confimed by aerial reconnaissance but its success was far
below that of the ill-fated Frankfurt jammer. The last effective instance of

jamming was during a Bomber Command raid by 970 aircraft against Heligoland
on 18 April 1945, when the Munster Chain was quite unreadable near the target.

I The Feuerzange with peak power of 1 megawatt, the Feuerstein with peak power of
120 kilowatts, and a smaller transmitter, Feuhil/e (improvised by Kothen) with power of
30 kilowatts.

‘ A.H.B./IIE/159, Section XXIIX.
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Although Gee had been very vulnerable to it. jamming did not present an
insoluble problem. When jamming was low-powered Gee could be used up to
quite useful ranges, and when jamming was liigh-powered with consequent
increase in range, it was not a difficult matter to locate the jammer and to have
the equipment destroyed. Gee, in fact, had proved of considerable value during
the campaigns in north-west Europe.

North-Western Chain

Within three months of D-Day the Southern and South-Eastern Chains had
returned to their normal working conditions. Three of the five frequencies
which had been made available for Operation ‘ Overloard ' were withdrawn ;
the first on 19 August, followed by a second on 27 August, and a third on
9 September 1944. Together with the withdrawal of frequencies the heavy
mobile equipment was removed for use on the Continent. The Southern Chain
was left with one main frequency and one reserve, and Canewdon reverted to
its role of slave for the South-Eastern Chain.

Gee operations settled back to nonnal until 20 October 1944 when Head
quarters Coastal Command pointed out to the Air Ministry that there was no
Gee or satisfactory Loran cover in the North-West Approaches.^ It was feared
that in the existing conditions of U-boat warfare the enemy, using Schnotchel,
might well operate close in-shore against convoys. This would entail the
provision of extensive patrols by both day and night to protect convoys in the
approaches. The Loran cover was not satisfactory because the area lay on tlie
^tension of the Faroes-Hebrides pairs and they did not give accurate cuts.
Moreover, Gee was much simpler to operate by day and night and did not need
such a complicated training programme. It was suggested that the Gee gap
could be closed by stations sited in the Northern Islands, using light transport
able transmitters giving a maximum range of 150 miles.

On 10 November 1944 the Air Officer Commanding-in-Chief, Coastal Command
informed the Air Ministry that ‘ . Present trend of U-boats to operate close
in-shorc and in particular in the Northern and South-We.stem Approaches
makes the immediate provision of Gee cover, in the North-Western Approaches
a most urgent operational requirement . . . In addition to the immediate
provision of Gee cover in the north-west an investigation was requested into
the possibility of improving the south-west Gee cover, particularly for surface
vessels, by siting a station of the South-Western Chain in Brittany. The
Admiralty, too, had an immediate requirement for Gee cover in both areas to
facilitate the accurate location of charted wrecks and so to allow effective Asdic
hunts for U-boats to be carried out. A meeting was arranged between Head
quarters Coastal Command, Headquarters No. 60 Group, the Admiralty, the
l .K.E. and the Air Ministry on 25 November 1944 to discuss the provision of
the new chain and the prospect of additional cover in the South-Western Chain
The technical equipment was due off production by December and the men to
crew It were made available by the closing of the Channel Chain. Sites were
provisionally chosen for three stations in the Northern Islands and ohe in
Northern Ireland, the chain adopting the numbers of the cancelled Western

* .4.M. FUeC.17549/44. *A.M. File C. 17549/44.
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Chain.* The Admiralty was asked to heip m transporting the siting ptirties and
equipment, which it was willing to do only because the stations were of great
importance. High-powered transmitters were to be used eventually but
initially light equipment was to be sent to provide a service in the shortest

possible time. The agreed target date was 31 January 1945 although every
effort was to be made to improve upon it. However, because of siting difficulties,
the plan was revised and a master station was provided at Saligo Bay, Islay,
the B slave at Down Hill, and the C slave at Kilkenneth. Tiree. Tliis meant a

slight reduction in cover in a south-west direction from Down Hill because of
shielding by the Donegal hills but it was hoped to overcome this disadvantage
by providing high-powered transmitting equipment. The lack of cover was

accepted by Headquarters Coastal Command and the Admiralty in their

an.xiety to bring the chain into operation. Difficulties with phasing and monitor
ing and the time taken to choose sites delayed the opening of the North-Western
Chain until 23 March 1945. Trials were undertaken and it was found that

coverage from the slave at Down Hill was satisfactory but the master station

at Saligo Bay gave insufficient cover. The North-Western Chain was closed
in October 1945 to release equipment for the more important peace-time projects.

The request for extra cover in the south-west had been answered by the
deployment of a light mobile unit, A.M.E.S. No, 101, to St. Nic. The equip
ment was found to be satisfactory during trials but because of the delay in
supplying new charts to ships, the station did not start operations until 1 May
1945.* Another light mobile equipment. A.M.E.S. No. 149, was sited at
Burbage Moor in response to a request made by Headquarters Bomber

Command in January 1945 for additional cover in the North-Eastern Chain

to improve homing facilities, and the unit became operational on 10 April
1945.*

Gee in the Far East

It had been intended to ship a complete Gee chain ol three stations to Air
Command South-East Asia before the end of 1944 in order that experience in
the use of the equipment might be gained in that theatre, so that formulation

of a policy for any further requirement might be facilitated. There was also

a proposal to use Gee to give cover for overland air transport routes to the Far
East. However, the additional calls made upon the limited supply of equip
ment prevented the plans from being carried pul, and it was not until January
1945 that a map survey of sites in the Karachi, Bombay, Bangalore and Calcutta
areas was made for a Gee system intended primarily for use by Transport
Command reforce and trooping aircraft. There was at that time no real

operational requirement for Gee in the command as Loran would be used as

the necessary long-range navigation system. On the other hand, if the Trans
port Command programme develops, and Gee facilities became extensive,
the Air Staff of A.C.S.E.A. wished to take advantage of the Gee system and

• The sites chosen were ;—

Master station ; 7411—Mull.

B Slave station ; 7421—Saligo Bay.
C Slave station ; 7423—Barra.

D Slave station ; 7423—Down Hill (Northern Ireland).

« A.M. FUe C. 17323/44. * A.M. File C.173ZS/44.
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CHAPTER 7

LORAN

Loran (Long Range Aid to Navigation) was an American system by which
position could be obtained from measurement of two differences of distance,
using hyperbolic lines, and the fundamental principles were similar to those
of the British Gee system. There were two types of Loran, Standard and
S.S.^

Stand^d Loran was a pulsed medium-frequency long-range system of
hyperbolic navigation. Shore stations, synchronised in pairs bv means of
ground waves, provided lines of constant time-difference of arrival of the pulses
from each pair. Aircraft navigators could select any two pairs to obtain a
fi.\, reading the time-difference of one pair at  a time. In the daytime, only
ground waves were available, and were used over water out to 700 nautical
miles or more. At night, ground waves were received only to 500 nautical
miles because of the higher noise-level but, because of the stability of the lower
ionospheric layer, fixes were available out to 1,400 nautical miles when single
reflections from this layer were used. As many as eight station pairs could be
operated on a single radio frequency, and pairs using a common radio frequency
were identified by means of the different recurrence rates at which they operated.
A pair of received signals was displayed on a double-trace oscilloscope pattern
whose total length was about 40,000 micro-seconds. By the use of delay
circuits two fast cathode ray traces were initiated at such times that one trace
exhibited the master signal and the other the slave. The leading edges of the
pulses were superimposed, and the amplitudes were made equal. When this
final adjustment was complete, the time-difference was read by removing the
signals and reading the relation between families of markers which were
switched on to the traces. This time-difference established one line of position,
and It was necessary to repeat the procedure with pulses from a second pair
of stations to secure a second time-difference and line of position. The total
time required to take and plot a fix in average conditions was about three
minutes.

S.S.. or Sky-wave Synchronised, Loran was a version of Loran used at night
wherein two ground stations were synchronised by the reflection from the
lower ionospheric layer. Baselines were from 1,000 to 1,400 nautical miles

length, the stations usually being disposed in a quadrilateral fonned by two
pairs. Navigators followed the same procedure as in Standard Loran except
that only sky waves were used. Coverage over both land and sea was good
and signals were equally well received at all altitudes. Over most of the
coverage area crossing angles were greater than 70 degrees, and the position
lines of a pair were almost parallel. The system was used by the Royal Air Force
for general navigation and for area bombing.

jn

Navigation, Massachusetts Institute of Technology
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Research and Development

On 11 October 1940, more than one year before the United States of America

entered the war, the American Army Signal Corps Technical Committee

formulated a requirement for a ' Precision Navigational Equipment for Guiding
Aeroplanes The system was required to guide aircraft to a predetermined
point with the greatest accuracy obtainable, and to have a range of at least
500 miles at an altitude of the ceiling of the existing type of bomber aircraft,
wluch was then 35,000 feet. In the same month, a pulsed, hyperbolic, radio
grid-lajdng system for long range navigation was proposed to the Microwave

Committee by its chairman. On 29 November 1940, the National Defence

Research Committee approved the recommendations made by the Microwave
Committee, and a sub-corrunittee was established on 20 December 1940 which,
in consultation with leaders of the American radio industry, placed contracts
for the development of equipment necessary to enable operational tests to be
made.^ It was anticipated that most of the items would be available in time

for tests to begin during the summer of 1941. It soon became apparent,
however, that the new project was doomed to failure under the indirect control

of an administrative committee and therefore, early in 1941, a group was
formed within the Radiation Laboratory of the Massachusetts Institute of

Technology to work on a system known at first as Project III and later as
LRN.»

The frequency chosen for the project was in the 30 megacycles per second
band and a very high-powered, high-precision system was envisaged, involving
the use of accurately s5mchronised pulses transmitted from two widely separated
shore stations. By the summer of 1941 the group had come to the conclusion

that far greater ranges might be obtained from a medium-frequency system.®
Accordingly two portable pulse transmitters capable of being tuned from 8-5
to 2-9 megacycles per second were hastily constructed and were set up at two
abandoned lifeboat stations, one at Montauk Point, Long Island and the
other at Fenwick Island, Delaware, forming a 290 nautical mile base-line

entirely over water.* They were pulsed at pulses per second from Bell

Laboratory timers which had been installed for use with the still unfinished

project III high-frequency transmitters. A set of receiving equipment was
installed in a station vehicle which drove as far west as Springfield, Missouri.
No attempt was made at synchronisation during the tests. As expected by
the Radiation Laboratory group, the signals from the E-layer of the ionosphere
were fairly strong and relatively stable. The stability of the fij'st reflection

was particularly encouraging. The lower frequencies produced the more
stable signals at night, with the higher frequencies giving more stable sky-
wave reflections by day. The tests tended to show that the medium frequencies

>^N.D.R.C. Division 14 Final Project Report, December 1945.

“ The initials LRN stood lor Ixmg Range Navigation and eventually became corrupted
to Loran.

* A. number oi factors were responsible lor the change. The main consideration was the
question oi the most suitable frequency lor a long range ground wave, since a hyperboUc
navigation system depended upon a synchronised ground wave between the mast and
distant slave station. Since there would be little bending over the horizon ol the 30 mega
cycles per second radiation it held an obvious range limitation, and the greater ranges
obtained with ground waves on the lower frequencies were emphasised. In addition, there

need for an aircraft navigation system which would also have a sufficiently long
range to make its employment by surface vessels effective. Altliough small navigational
errors were not serious in peacetime, extreme accuracy was vital for wartime convoys,
especially in the North Atlantic.
‘ C.R.B.48/1063.
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might be used for a long-range navigation system although the potential
accuracy could only be estimated at that time. They also showed that the
circular sweep form of indicator could not be used satisfactorily for measuring
the time-difference in the arrival of pulses at the navigator’s position within
an accuracy of one micro-second and. furthermore, that some form of two-
trace indicator providing for a direct comparison of pulses would be
While the medium-frequency tests were being held in the United States of

America the first concrete information about the Gee system was given to the
Radiation Laboratory group during the late summer of 1941 by Dr. A. G.
Touch, a member of the BritLsh Air Commission in Washington,
important ideas were left in the minds of the American group, namely, that
accurate measurements (to better than one micro-second) could be made with
portable equipment, and that a multiple-trace indicator, providing a means of
matching pulses in time on delayed sweeps, was a practical means of
accomplishing this. In the meantime the main idea for the double line
indicator had occurred independently to the American mid-western field party
in September 1941. It was indeed a striking coincidence that this party
returned with a strong recommendation for a two-trace indicator at the same
tune that the laboratory group had reached the same conclusion from the
consideration of Dr. Touch’s report.’^ Experiments with the new two-trace
indicator technique were so successful that the same basic procedure was
adopted for synchronising the shore stations. During the tests of the first
two-trace indicator at Montauk it was found that the 5-kilowatt signals from
Fenwick were ample for direct synchronisation, especially on the lower
frequencies, and on these results it was decided to go ahead with the lower
frequency system since no great advantage could be obtained from duplicating
the British high-frequency system. The original project III was therefore
finally abandoned.

In spite of many difficulties the medium-frequency stations were synchronised
during December 1941 by means of the first experimental two-trace indicator
located at a monitoring station in Manahawkin. New Jersey, where the two
signals could be more easily compared as they reached practically equal
amplitude. Several weeks later more carefully constructed receiving equip
ment was taken to Bermuda. Although the ground wave signals were not
expected to, and did not in fact, reach Bermuda because the original low power
variable-frequency transmitters were still being used, excellent sky-
results were obtained. Frequencies of 7 • 7, 4 >  8 and 2 • 9 megacycles per second
were used during the tests and not only was much excellent quantitative data
obtained but the tests proved beyond a doubt the practicability of the Loran
system and the assurance of its accuracy in the use of the new two-trace
indicator. It was also found that night-time reflection was best at 2-9 mega
cycles per second. Consequently the Loran group decided to concentrate on
developing a system near that frequency and to develop a more highly powered
transmitter for further tests.

Work on 100-kilowatt pulse transmitters operating on several frequencies,
begun during the latter part of 1941, was expedited during early 1942 in order
that a full-scale demonstration of the new Loran system might be given.

* Tlje British and American indicators operated on the same principle basically but with
Oee the two readings were made simultaneously while with Loran they were taken in
succession. ^

necessary.

Two
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was estimated that with such power the transmitters, working on a frequency
of roughly 2 megacycles per second, would give ground-wave ranges of
approximately 600 to 700 nautical miles over the sea and sky-wave ranges of
1,300 to 1,400 nautical miles by night. By June 1942 the first two high-power
transmitters had been installed in the old Project III stations at Montauk
Point and Fenwick Island, the first Radiation Laboratory timer had been
installed at Fenwick, the slave station, and direct synchronisation had been
established. The first test was carried out on a frequency of 2-2 megacycles
per second but that channel was already being used in the Great Lakes area
for a ship telephone system and the pulses began to ring telephones all over
that area.* The radio channel of 1>95 megacycles per second, used by radio
amateurs before the Japanese attacked Pearl Harbour, was available, and it
was quickly claimed by the Loran group. The early tests of the Loran system
,and the ranges obtained had proved sufficiently satisfactory to interest the

Services, and from January 1942 a number of conferences were convened by the
United States Navy, United States Army, and the British Air Commission in

Washington. Liaison with the Canadian National Defence Council and the

Royal Canadian Navy was also established.**

In June 1942 the first American naval liaison officer for the development of
Loran was appointed, resulting in close naval co-operation in trials and
surveying of sites. On 13 June 1942 the first operational test of Loran was
made when a United States Navy blimp took off from Lakehurst, New Jersey,
carrying the first experimental airborne Loran receiver.® It was an improved
model incorporating multiple recurrence rates and differential gain control.
Although by later standards the set was crude, and only one set of position
lines was available, the results were very encouraging. Later in the month

arrangements were completed for the first sea trials to be held. A second
receiver-indicator and observers were sent out on an extended long-range
observation trip in the U.S.S. Manasquan, a coastguard weather ship.
Frequencies of 1-95 and 7-5 megacycles per second were tested, the former
giving the better reception. Although only one set of lines of position was
still available, the results were so encouraging that immediate action was

taken by Army and Navy authorities to plan the installation of a number of
ground stations and shipborne receiver-indicators for Service trials in the
north-west Atlantic.

Meanwhile the .Air Ministry had become interested in ' American Gee,' the
name given to Loran in despatches between London and Washington. It
was thought that it might prove to be of great value for Coastal Command

aircraft, since they normally operated at heights which imposed limitations on
the effectiveness of Gee. In April 1942 the Air Staff asked the R.A.F.
Delegation to forward full details of the system, and, in order that the aircraft
installations might be made interchangeable, arranged an exchange of infor
mation on Gee development.® In May a member of the British Air Commission
arrived in London with the latest technical details of Loran—which gave promise
of enabling position to be fixed within about 10 miles at a range of 1,000 miles.
The B.A.C. had already informally requested the National Defence Research

*N.D.R.C. Divisioo 14 Final Project Report.

’ C.R.B.4S/1063. blimp was a small airship used in anti-submarine search by the
United States Navy.

« .A.M. File C.30645/46.

‘ C.R,B.49/1479J.
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Committee to arrange the provision of transmitters so that two ground stations
could be set up in the United Kingdom and of receivers for installation i~
British aircraft and ships. At that time the United States Navy was showing
more enthusiasm for Loran than was any other Service, because it would
facilitate the accurate navigation of ships at long range. Consequently the
B.A.C. made arrangements to ensure that the British Admiralty Division in
Washington was kept fully informed.

in

In the U.S.A. the essential need for co-operation, if development of a hyper
bolic type of radar navigation system was to be effective, was realised. The
intention was to make it possible for the aircraft installation to be operated
either Gee or Loran by means of a double wave-band receiver. The design
of Loran aircraft equipment was in a very early stage, and those responsible
for it were eager to obtain full benefit of British e,xperience with Gee aircraft
installations. The N.D.R.C. accordingly made a request to the B.A.C, for
help from someone with a knowledge of Gee. It was decided that, although
he could be ill-spared, Mr. Dippy should be sent to the United States of
.\merica to try and bring about a completely common equipment for the two
systems. He left for America in July 1942, and it was intended that he should
spend a fortnight working with the Loran group at the Radiation Laboratory,
M.I.T. In addition to supervising the development of mass-produced aircraft
sets, to ensure sound engineering and interchangeability with Gee. he was able
to contribute considerably to the design and development of the ground
receivers and ground timing equipment; the latter was a critical unit,
development of which had not been progressing too satisfactorily.^

as

The United States Army Air Corps and the N.D.R.C. were so impressed by
Mr. Dippy's supervision of this work that they were reluctant to contemplate
his departure because it might probably lead to errors and delays. The Air
Ministry, on the other hand, was missing an able man, who as the Director
of Telecommunications said ‘ was one of the few who liad engineering
common sense as well as scientific ability . . . ft was decided that he
was to be recalled. However, the B.A.C. had such faith in Loran and felt so
concerned over the removal of Mr. Dippy that they persuaded the Air Ministry
that it would be in the best British interests for him to stay in America. On
17 November 1942 it was agreed that he should be allowed to transfer to the
M.I.T. staff for an indefinite period, but a few days later the Air Staff, although
sympathetic with the .American desire to retain Mr. Dippy’s services indefinitely,
recommended his withdrawal and he returned to the United Kingdom in
January 1943. During his eight months in the U.S.A. he succeeded in bringing
about the closest co-ordination between American and British work in the
development of pulse hyperbolic navigation systems and by great perseverance
ensured that Loran receivers and indicators would eventually be readily inter
changeable with those of Gee.

North-West Atlantic Chain

As a result of proposals made at joint United States Army-Navy-N.D.R.C.
meetings during the early summer of 1942 the Radiation Laboratory agreed
to have four stations and three lines of position available for full-scale Service
trials of Loran on 1 October 1942. Negotiations had already been opened in
‘ A.M. File C.l7226/44.
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the spring of 1942 with the Royal Canadian Navy and two suitable sites had

been selected, by Radiation Laboratory engineers, at Baccaro Point and
Denting Island, Nova Scotia. While the stations were being erected with the
aid of the Royal Canadian Navy, three additional sites were chosen by a joint
United States Navy, R.C.N. and Radiation Laboratory flying survey, at Battle
Harbour. Labrador, Bonavista, Newfoundland, and Narsak, Greenland to

provide ntaximunt coverage of the north-west Atlantic coast.^

By 1 October 1942 the two Canadian stations were practically completed,
although no standby equipment was available, A sufficient number of R.C.N.
personnel had been trained by the Radiation Laboratory to make possible the
inauguration of a regular service by the four-station (three-pair) chain for
16 hours daily. The first shipbome receiver/indicator was installed on the

old U.S.N. battleship New York on 18 October 1942 and there were 45 such

sets in use by the end of 1942.^ In spite of every possible effort, the usual
shipping difficulties and delaj^ in providing equipment made it impossible for
the three northern stations to be completed in 1942. An attempt to bring the
Labrador station on the air was made in November 1942, but although the
equipment was completed, personnel, permanent accommodation, and food

were lacking. The station in Newfoundland was ready for synchronisation
trials with Labrador in January 1943, but they were delayed because of a change
made in recurrence rates and because of difficulty of communications. The

building of the Greenland station was delayed by several unfortimate
occurrences, including a storm which destroyed the station buildings.
Fortunately no equipment was installed and the local inhabitants helped to
put up spare buildings which the United States Navy had sent with the
expedition. The station was put on the air during February but synchronisation
could not be obtained immediately owing to the great distance between the
Greenland and Labrador stations. After directional receiving aerial systems
had been installed and the receivers made more sensitive the two stations were

eventually synclironised.

The Loran system finally became fully operational in the spring of 1943 when
charts were made available and about 40 ships of the U.S.N. Atlantic Fleet

and a number of Canadian corvettes had been equipped with receiver/indi
cators. In the early summer of the same year the Loran coverage was
extended northward and eastward when the Newfoundland, Labrador and

Greenland stations began operating.*

North-East Atlantic Chain

When the North-West Atlantic Chain was being planned in September 1942,
mention was made of a North-East Atlantic Chain. Dr. Touch, on a visit to

the United Kingdom, gave a brief outline of the Loran system to a meeting at
the Air Ministry on 17 September 1942 and indicated that he thought it was
very likely that the Americans would soon be asking tlie British to erect and
man two or three stations in the north-eastern Atlantic area.* The Royal Navy

«C.R.B,48/1063.‘ A.M. File C.30645/46.

• This briet history ol the early development of Loran in the U.S.A. is given, to form a
background to the story of the operation o£ Loran in the United Kingdom by the Royal
Air Force.

* A.M. Fhe C.30645/46.
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indicated its interest in the new system and suggested that the closest co
ordination should be maintained between the Royal Navy, the Royal Air Force
and the U.S.A. Services. Accordingly a meeting was held at the Air Ministry
on 20 November 1942 at which representatives of both British Services, the
Ministry of Supply and the U.S.A. Services were present.

Sites suggested by the U.S.A. were discussed and it was agreed that the area
covered would be useful to the Admiralty and might offer possibilities to both
Ferry Command and Coastal Command. Ground stations had to be right
the water s edge with a clear path over sea in the desired direction. As there
was no suitable seashore site in Northern Ireland, the proposed chain
Mtered to include stations in the Faroes, the Hebrides, and Islay, with two sites
in Iceland as a U.S.A. commitment. The detailed selection of the sites was to
be made by a party consisting of Admiralty, No. 60 Group, Air Ministry and
U.S.A. representatives, but the Air Ministry was to erect the stations, and
No. 60 Group was to install the equipment. It was not possible then to delegate
responsibility for the manning and maintenance of the stations.

Since the existence of the system had by this time been revealed by the
United States of America it was important that work on the North-East
Atlantic Chain should be completed asquickly as possible to give it the maximum
pieriod of operation before the enemy could begin jamming operations. The
United Kingdom scheme came third in the list of American priority of stations
and was scheduled to be completed by the autumn of 1943, but there
several factors which led to delay in bringing the scheme to fruition. There
had been delay in the production of satisfactory timers and delivery of them
was not then expected before the end of April 1943. A change in the positioning
of the stations occurred; the site on Islay was abandoned and an Icelandic
site accepted as a United Kingdom commitment. In the meantime the B.A.C.
had tentatively asked for an allocation of 60 ground stations and 1,000 sets of
aircraft equipment from the United States production programme for 1943.
On 26 February 1943. the British Admiralty Division complained to the
Admiralty that no requisitions had been officially placed by the B.A.C. for any
equipment and that no one could give adequate reasons why 60 ground stations
had been asked for informally.^ The Admiralty considered that the demand,
with an additional 20 for Australia, was excessively high, particularly in view
of the production rate of two per month and, after discussion, requisitions
made for three ground stations only. Amongst the 1,000 equipments provision
ally ordered there was no shipborne equipment which could be interchangeable
with Gee, and in addition, the whole of the existing order to cover naval
requirements for the U.S.A.. Canada and the United Kingdom only totalled
450 sets to be manufactured by the firm of Fada and 200 by the General
Electric Company, 40 of which were to be made available to the United Kingdom.

It was a^eed between the B.A,C. and the B.A.D. that in future the latter
would obtain all ground stations and shipborne equipment while the former
handled requirements for airborne equipment. The R.A.F. Delegation was
perturbed and on 7 March 1943 warned the Air Ministry that the absence of a
firm policy to use Loran in maritime aircraft was resulting in the aircraft not
being modified for installation of the equipment, and in priority for ground
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equipment being given to areas other than the Atlantic. It was then decided
that G.R. Halifax, Liberator, Catalina and Sunderland aircraft should be
equipped with Loran and that lend-lease aircraft should be suitably modified
in the U.S.A. for the installation of Loran. Finally it was agreed that the
Admiralty should be responsible for the North-East Atlantic Chain and should
also obtain 60 aircraft sets for use in aircraft of Coastal Command.^ By the
end of May 1943, sites for three stations had been selected at Lorvik Point
(Iceland), Skuvanese Head (Faroes) and Ard More, Mangersta (Hebrides).*

With the prospect of the chain being in operation by the end of 1943, Head
quarters Coastal Command pressed for an early supply of SCR. 622, the Loran
aircraft set.* The equipment was not immediately available. The time taken
to formulate a definite British policy had resulted in priority being given by
the U.S.A. to production of equipment for employment in other theatres of war.
In addition, there was a shortage of aircraft receiver/indicators owing to a
change in the production programme.* Development work had initially been
contracted out to.the General Electric Company but had later been turned
to tlie Aircraft Radio Laboratory of the Signal Corps. The United States Army
then requested the Radiation Laboratory to cancel the requirement for further
development by the General Electric Company, even though the firm had
already completed one excellent model, and the development contract was
given to the firm of Philco. That decision set back development and production
about one year, although it probably led to earlier large-scale production.
When fii^y aircraft equipment started to arrive in the United Kingdom,
Coastal Command was once again passed over in the bid for radar equipment
because by that time a fresh commitment had arisen in Bomber Command.
A change had occurred in the anti-U-boat war, and in view of the value that
Bomber Commarid was likely to derive from a long-range navigation system
during the following critical months it was given first call on the Loran system
and equipment.

over

Development of S.S. Loran

While the problem of operating and using the standard Loran chain
being discussed, an important development was taking place in the United
States of America. Mr. J. A. Pierce, leader of the Loran Operational Research
Group, had suspected from the earliest days of the medium-frequency project
that the probable errors of sky-wave observations over distances greater than
a few hundred mOes would be strikingly low and that transmission was remark
ably stable over the longer distances. This led to an unofficial test on the night
of 10 April 1943 in which the Fenwick Island station attempted to maintain
synchronism by means of the sky-wave signal received from Bonavista,
Newfoundland, 1,100 nautical imles distant. The results of the e,xperiment
revealed a line-of-position probable error of only 0-5 mile, and the idea of
Sky-wave Synchronised Loran (known as S.S. Loran) was bom. On 15 May
1943 a report was prepared by the American scientists outlining this method of
accurately guiding night-bomber aircraft with the use of standard Loran
transmitting and receiving equipment and with baselines that would straddle
the enemy-occupied territories of Europe.* The report was sent to Great

was

» A.M. FiJe C.30645/46.
» A.M. FUe C.30645/46, Part II.

* A.M. File C.17299/44.
* C.R.B.48/1063. “ A.M. FOe C.28851/45.
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Britain in the same month. Dr. D. G. Fink, of the Loran Division. Radiation

Laboratory, was sent over to supply further information and to assist in working
out details of the plan should it appeal to the Air Staff.

A meeting of the Operations and Technical Radio Committee was held on

20 July 1943. at which Dr. Fink described the basic principles of the new system.
Although S.S. Loran could be used only at night it made possible the use of
base-lines 1,200 to 1,300 nautical miles long and it could be used nearly as well
over land as over water. Experiments carried out from November 1942 to

.\pril 1943, involving some 25,000 observations of sky-wave propagation, had
showed that the longer the distance at which the signals were received the
smaller was the error. The probable explanation of the phenomenon was that
at more oblique angles the penetration of the E layer in the ionosphere was less
or, alternatively, alterations in height of the E layer had a smaller effect at
more oblique angles.^ At under 250 nautical miles the error was so great that
the system was practically useless for navigation purposes, but between 250
and 1,600 nautical miles the system was effective.

.\t first it was proposed to site one pair of stations in Scotland and near

Leningrad, and another in Scotland and North Africa. It soon became apparent,
however, that it would not be easy or expedient to try to arrange for a station
to be sited in the U.S.S.R. at that time, and it was therefore proposed to build
one station in Scotland and three in North Africa. The great advantage of the
S.S. Loran system was that the equipment in current production for standard
Loran could be used, thus saving time and money and enabling chains to be
set up without delay. Eight sets of ground stations, four operating and four
standby, were required, and as the transmitting equipment was then in

production at the rate of one to two transmitters  a week and truss production
of aircraft equipment was expected to begin in June 1943, no trouble was
anticipated in going ahead with the project and it would not jeopardise any
other Loran projects by more than one month at the most. Training of aircrews
would take only a fortnight, including about ten hours in the air. Training of
30 men with previous radar experience for ground station personnel would take
probably two months.

The frequency which had been most effective in experiments was about

2 megacycles per second. The Air Ministry thought there might be some
dilSculty in reserving a frequency but had no doubt that it could be overcome.
It had been admitted in the Radiation Laboratory report that S.S. Loran

would be.vulnerable to enemy jamming, but it was considered that there would

be a sufficiently long period of operational use. before the enemy could complete
an entirely effective jamming programme, to warrant the adoption of S.S. Loran,
It was difficult to estimate the useful life of such a system. Estimates of the
time it would take the enemy to jam Gee had varied from one week to six
months. It had in fact taken the Germans five months. However, because of

its probable limited life-time the Radiation Laboratory urged that the system
should only be used after a training and installation programme so large that

‘ Sir Edward Appleton was greatly interested in the experimental data and confirmed
that the explanations were strictly in accord with the best theoretical views on the behaviour
of the ionosphere. He was invited to furnish a scientific appreciation of the S.S. Loran
system b _ _
of the height of the abnormal E layer at night.

on the existing knowledge of the ionosphere including data on the variations
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effective results would be obtained immediately. To this end it was decided
to set up a full-scale system in the United States of America for test and training
purposes and to transfer the system as a whole to the European theatre of
when training was complete.

war

A small panel under the directorship of Mr. Watson Watt was set up to
consider plans for the operational use of the system, in consultation with Dr. Fink,
and to report to the Operations andTechnical Committee. On the understanding'
obtained from Dr. Fink, that the U.S.A. authorities were prepared to let the
Royal Air Force have nearly all the output of aircraft and ground equipment
necessary for the Loran scheme, a target date was tentatively suggested
1 January 1944, so that use could be made of the remaining long winter nights.
It was intended to equip with Loran all bomber aircraft already fitted with
Gee, including those based in the Mediterranean area. A comprehensive
memorandum describing standard Loran and S.S. Loran, and comparing them
with Gee, was formally submitted to the Air Staff on 24 July 1943 and the
Chief of the Air Staff gave his approval to the scheme on 29 July 1943.i

as

Unfortunately, when the minimum requirements for  a 24-hours’ service
were worked out, it was found that not only were they considerably above
those ordered on 12 May 1943 but that there seemed very little chance of
realising them. Although Dr. Fink had the backing of the U.S.A.A.F. and
his services were greatly appreciated by all concerned, the U.S. Navy had
fairly extensive plans for the use of much of the ground equipment and aircraft
sets, and were loath to have them diverted. The B.A.D. reported on 22 August
1943 that the production of Loran equipment was very slow and that the
estimates made by Dr. Fink did not appear to bear any relation to the
anticipated production figures. A day later the Royal Air Force Delegation
informed the Air Ministry that the requirement could only be met, even in
part, by taking almost the total supply of ground transmitters and all aircraft
sets expected to be available during the next few months.* The plain fact
was that there was not, nor would there be in the next few months, stifficient
Loran equipment to meet the needs of all the British and U.S.A.’ Services.
Eventually the U.S.A. authorities decided that no action was to be taken on
the S.S. Loran project until the results of practical trials had been obtained,
and then the matter of priority would be laid before the Joint Combined
Chiefs of Staff Committee,

This was the first hint that the target date of I January 1944 would not be
reached, but it was still aimed at with the intention of operating as soon as the
S.S. Loran ground system was completed and as soon as not less than 400 heavy
bomber abcraft of Bomber Command could be fitted with Loran and maintained
in’operation. This was later cut down to the fitting of 156 Coastal Command
aircraft to begin in October, to use with the North-East Atlantic Chain, and the
fitting of 144 aircraft of Bomber Command. The figures were definitely the
lowest acceptable to the R.A.F. and did not allov' for installations in aircraft
based in the Mediterranean area. In view of the sudden intensified interest
m Loran and the keen competition for equipment, the Chief of the Air Staff .
called for a progress report on 10 September 1943. He was informed that the
site for the ground station in Scotland had been chosen at Port Errol and that
a siting party was in North Africa. The actual date of operation depended
upon the accuracy of the production forecast, the British obtaining priority*

1 A.M. FOe C,28851/45. A.M. File C.28851/45.
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that frequency for S.S. Loran would completely disrupt certain essential naval

and some army communication channels which were in operation. Naval
communications in particular included those which were, among other purposes,
used for control of convoys and offensive action against E-boats in the North

Sea and English Channel. The Admiralty considered that it might be possible
to accept the reduced interference if the Homing Chain were dispensed with and
if the S.S. Loran station at Port Errol was resited in the Faroes. Both- these

suggestions were unacceptable to the R. A.F. Headquarters Bomber Command

insisted that a homing chain should be available and not only was it impossible
to resite a station if the chain was to be in op)eration by early 1944 but the
range from the master station to the Faroes site would be 1.930 miles, which
was unquestionably too great for satisfactory synchronisation.^

The Admiralty, however, was adamant in its refusal to allow the use of the

frequency until tests had been cauried out to discover to what extent inter
ference might effect communications, and therefore tests were arranged to
start in December 1943 using the North-East Atlantic Loran Chain stations,
with Admiralty and M.A.P. observers.'^ Although the results were favourable,
it was not until August 1944 that the difficulty was finally resolved and the
W/T Board agreed to the allocation of 1 - 9 megacycles per second for use with
the S.S. Loran system. Meanwhile it had been discovered that the Loran equip
ment failed when flown above 10.000 feet and this and other factors necessitated

a postponement of the provisional target date for beginning operational use
until 1 September 1944.

By September 1944 it was becoming apparent that methods of interpreting
the Loran system were, not being standardised, and, through lack of personal
contact between those concerned with the use of the equipment, considerable
duplication of effort was taking place. Since it was quite evident that the
use of Loran facilities was becoming world-wide for both air and surface craft,
it was considered essential that every effort should be made to obtain closer

standardisation, to limit the variety of interpretation systems, and to effect a
full exchange of information between the users, .'tcoordingly, in .\ugust 1944,
an .-^ir Ministry Mission, under Wing Commander R. E. G. Brittain, was sent to
the United States of America for discu^ions with the United States Army

.\ir Force and Navy and with British Service delegations in Washington. As a
result of a series of meetings complete agreement was reached on the various

aspects of the requirements for Loran navigation charts, with particular
emphasis on the air navigation side.^

Operational Use of Loran
The North-East Atlantic Chain came into operation on 6 March 1944 and

two squadrons of Coastal Command began using it from I May.* The
navigators found the system exceedingly useful.* Before they had time to
become fully accustomed to its use,, however, the chain was switched off by

* A.M. FUo C.26821/45. • A.M. FUe C.30524/46.• A.M. File C.28851/45.

* A.H.B./IlK/54/t/3/(A), Coastal Command File Lotan. Coastal Command squadrons
equipped were ;—

12 LibN erator aircraft.

.. 14 Halifax aircraft.
o. 59 (Ballykelly)

No. .518 (Tiree) .
» A.M, File C.I7532M4. A main disadvantage was instability of the aircraft installation.
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the Admiralty just before D-Day for Operation Overlord and came back on
the air again on 10 July 1944 at the request of Headquarters Coastal Command.
Tlie S.S. Loran Chain and the Loran Ploming Chain came into operation on
7 September 1944, but no great operational use was made of either of them
during September and October,^ Most of the sorties attempted were in the
fonn of operational trials, by, P.F.F. Mosquitos en route to Berlin and by a
P.F.F. Lancaster m route to Frankfurt. The results showed the Homing
Chain in a very poor light. It had a severely restricted range and fixes could
not be obtained at altitudes below 5,000 feet, despite the satisfactory preliminary
tests whidi had been carried out. However, although the Homing Chain
unsatisfactory, the S.S. Loran Chain was producing very promising results.^
Accuracy was normally within the plus or minus two miles claimed for the
system, but difficulties had arisen in some areas owing to the confusing first
and second E layer reflections. In those areas it appeared that a first E
reflection was not seen at all or only at small amplitude. This confusion
resulted in reports of inaccuracy in the system, which in turn led to the
conclusion that consistent accuracy in the use of S.S. Loran entailed
extensive period of training of the navigator.

In November 1944 there was still insufficient data to give any precise
estimate of the limits of S.S. Loran coverage over Europe. Lancaster aircraft
of No, 5 Group carried out only three operations in which Loran was used to
any extent. They took place against Hamburg on the night 11/12 November,
Ladbergen on 21/22 November and Munich on 26/27 November. The Homing
Chain was not accepted by Headquarters Bomber Command as an alternative
to Gee and all aircraft using the S.S. Loran system were fitted with dual
installations of Gee and Loran in order that the use of Gee for homing might
be continued. Unfortunately the sites for the Homing Chain had been chosen
to give coverage over south-eastern England at relatively high altitudes, and
It was found that the stations were too far apart to provide satisfactory signals
at the heights flown by aircraft returning to base,
stations could not be received at the same time in an aircraft below 6,000 feet
at night. Interference was very heavy and this, combined with the inherent
difficulty that S.S. Loran provided only position lines, made the Homing
Chain entirely unsatisfactory as an alternative to Gee. The Homing Chain
was closed down on 30 November 1944. By the end of 1944 the lack of
operational requirement for Loran was becoming apparent. Fewer targets
at long range were being attacked and short-range navigation systems, sited
on the Continent, provided adequate cover.

Loran equipment was vulnerable to interference and, although the North-
East Atlantic Chain was not jammed intentionally, operations frequently
suffered from jamming by random H.F. transmissions. Enemy jamming of
the S.S. Loran Chain, on the other hand, began in February 1945 and effective
use of the equipment was seriously affected over northern Germany.® The
discovery of Loran came as a great shock to the Germans because Professor

Handel had convinced himself that a long-range, comparatively long-wave,
pulse system would be too inaccurate for employment as a means of navigation!
Maps were captured in the middle of 1944 and ultimately a complete set

* Bomber Command File BC./S.30408.

• A.H.B./nG/29, A.DJ.(K) Report No. 380/I94S.
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obtained from an American aircraft. By March 1945 noise jammers were in
operation, transmitters to raeacon the pulses were being built, and jamming
of the synchronisation of the transmitters from the front line was being
considered. A transmitter was actually taken to Thuringen but disruption
of transport and communications prevented it from being used.

Extension of Loran Coverage

In July 1944 the Air Officer Commanding-in-Chief, Coastal Command had

pointed out that although the North-East Atlantic provided excellent fixmg
cover for the Atlantic convoy routes, it did not extend far enough to the
north-east and there were areas of ambiguity along the extension of the base- •
lines of the stations.* There were, therefore, serious limitations to the chain

as a navigation system. Other means of navigation were also very limited in
the northern waters ; weather conditions normally precluded the use of astro-

navigation at operational heights and Gee cover did not extend sufficiently
far north. The only W/T aids were M.F. beacons at the Faroes and on the
Shetlands, and they did not provide adequate cover or accuracy.

The T.R.E. and the B.B.R.L. produced four alternative metliods of extending
Loran coverage in the north but. as it was impossible to build any new chains,
it was finally decided to erect a Loran station on the remote reserve site of the
C.H. station at Skaw.^ It could then be arranged for the Shetlands station to
have a different phasing from that on the Hebrides and for its pulse to be
identified by slow rate interruption of transmission. Although the joint Chiefs
of Staff Committee approved the Shetlands project on 21 August 1944, it
stipulated that equipment for it should not interfere with the U.S.A. programme
for the Pacific, Tljerefore the only equipment immediately available was that
earmarked for the Azores, but the United States Navy would not release this
as they did not consider the Shetlands requirement sufficiently urgent. By
mid-September 1944, the Homing Chain had come into operation and had
given a most unsatisfactory performance. It was therefore decided, with
considerable misgivings, to withdraw two reserve transmitters from the chain

and install them with all possible speed in the Shetlands.^ A.M.E.S. No. 713
at Shaw accordingly became operational on 7 November 1944, with its signal
distinguishable from the Hebrides pulse on the lower trace, having a continuous
identification blink distinguishable from the ordinary blink indicating unreli
ability.* Not only was this extension of the North-East Atlantic Chain of

great value to Coastal Command but also for operations over the coast of
Norway such as the attack on the Titpih, and it was used extensively by
surface vessels escorting convoys to Murmansk.®

At the end of the war in Europe both the United States Services, as well as
Coastal and Transport Command of the Royal Air Force, were anxious that the
North-East Atlantic Chain should be kept in operation.® In August 1945
control of the diain was taken over by the R.A.F, Personnel establishments
were brought up to strength by using redundant crews of the North Africa
Loran stations which had been brought back to the United Kingdom for the
East Atlantic S.S. Loran Chain, and by economies made amongst radar crews

»A.M. Fae CS.23180.

• A.M, Fae C.17496/44,
I A.M. Fae C.23180/44.
‘AJVl. Fae CS.23180.

• A.M. Fae C.17496/44.
‘ C.R.B. 48/1063.
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in No, 60 Group. In February 1946 A.M.E.S. No. 713 at Skaw was placed on a
care and maintenance basis and in June 1946 the stations in the Faroes and
Iceland were handed over to the U.S.A., while the station in the Hebrides was
transferred to the Ministry of Civil Aviation.

Loran in the Far East

The use of Loran in the Far East had first been considered as far back as the
autumn of 1943, when a Loran system was proposed to provide navigation
for the United States Army .A.ir Transport Command route from India to
China.i Among the several schemes for providing Loran cover over the Pacific
the China-Burma-India theatre came second in a priority list drawn up by the
U.S.J.C.O.S. in February 1944.'* In May 1944, Headquarters A.C.S.E.A.
requested standard Loran cover over the Bay of Bengal and neighbouring
areas'." Four stations were suggested, sited at Cuttack, Sunderbans, Cocanada
and Madras, to give day and night cover. The U.S..'\. authorities were willing
to supply equipment for the three northerly stations but considered that Madras
gave insufficient additional cover to warrant the effort to construct, install and

station there. The proposals for the East India Chain (as it was to be
known) were therefore changed to three standard Loran stations at Cuttack.
Sunderbans, and the Arakan coast.

man a

The Joint Chiefs of Staff Committee approved the proposals for the chain i
July 1944 and agreed that the U.S. Army Air Force would install and

i

operat

n

e
the equipment, on a frequency of 1,850 kilocycles per second. As the war
progressed in the Far East, the sites were, however, again changed to Char
Chapli, Puri, and Cocanada. with a monitor station at Vizagapatam. The
frequency was changed to 1,750 kilocycles per second to assist long-range
navigation by day over the Bay of Bengal, the Andaman Islands, and Rangoon,
and by night to Bangkok and towards Singapore. By 15 April 1945 the Fourth
Army Air Corps Signals 'Wing, A..4l.F., had the chain in operation and on 1 July
1945 the system was turned over to the Royal Air Force on lease-lend terms.
The home commands had provided a nucleus of highly trained and experienced
Loran personnel who trained the remainder provided by A.C.S.E.A.'* Flight
reports indicated that excellent signals were obtained at ranges of 700 and 800
miles, and that errors were less than one mile for the favourable!
For the. less favourable regions, those off the baseline extensions,
up to two and three miles.®

coverage areas.
, errors were

In November 1944 Headquarters .A..C.S.E.A. stated that there was an urgent
operational requirement in the Far East for navigation assistance east, south
and west of Ceylon in order that reconnaissance commitments over most
difficult terrain might be fulfilled, and Loran sites at Galle, Cape Comorin and
Kelai were suggested.® However, owing to the difficulty of obtaining additional
equipment the proposal for the chain was not approved by the British Chiefs
of Staff Committee. In spite of that decision, in January 1.945 the Supreme
Allied Commander, South-East Asia, asked the Chiefs of Staff Committee to
support a request for equipment to enable the East India Chain to be extended

' Loran a publicahoa of the M.I.T., R.L. series, gives full details
of the Loran chains in the Far East.
“ A.M. File CS.23151. • A.M. File C.26818/4S. ‘ A.M. FUe C.26813/45.
‘ C.R.B. 48/1063 and South-East Asia Command O.R.B.. Signals Appendix July 1945
•A.M. File C.26641/45. ‘ J y ■
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to cover the area south of Ceylon.' The new Ceylon Chain was to have sites
at Cape Comorin, and at Male and Addu Attoll in the Maidive Islands. This
was considered a more reasonable request and was agreed to by the Chiefs of
Staff in May 1945, and accorded sympathetic consideration by the United
States Services. By July 1945, however, equipment which had been earmarlced
for the Ceylon Chain was diverted elsewhere by the United States Joint Chiefs
of Staff Committee and it was decided to take the two slave stations earmarked

for the Eastern Atlantic S.S, Chain, on condition that the United States supplied
one complete double master station. This caused further delay, because the two
stations had to be brought back to the United Kingdom from North Africa to

be shipped to Colombo. By September 1945 it was improbable that any
equipment would be obtained from the U.S.A. because the whole Loran policy
was then under consideration in view of the end of the Japanese war and the
cessation of Lease-Lend. On 10 October 1945, Headquarters A.C.S.E.A.

informed the Air Ministry that in view of the diminished need for Loran coverage
and the shortage of equipment, the command had decided to abandon the

project entirely. The Ceylon Loran Chain was finally cancelled in March 1946,
the stations having.existed for the previous six months merely as paper establish
ments in No. 60 Group.

» A M. File C.28855/45.

209



CHAPTER 8

OBOE MARK I

In November 1940 during tEe blitz against England it was discovered that
one of the most important factors in the enemy bombing offensive was the use

by the Lujtwaffe of Lorenz beams which intersected over targets in the British
Isles, providing both a navigation aid and a bomb release point for enemy
bombers. Vital targets were seriously threatened by the use of the beams,
and it became imperative therefore that, in addition to the development of
radio countermeasures, the main beam installations on the French coast

should be eliminated by precision bombing without delay. Scientists of the

Telecommunications Research Establishment at Swanage realised the necessity
for developing radar for use by Bomber Command in adverse flying conditions.
VVliile a preliminary investigation of possible methods was being made at the
T.R.E.. the first attempts at blind bombing were already being carried out at
the Wireless Investigation and Development Unit. Boscombe Down, which
was controlled by the radio countermeasures formation. No. 80 Wing, and was
investigating the source and direction of the enemy beams. On 10 December

1940 the unit became a flight of the newly formed No. 109 Squadron of No. 3
Group.i The squadron consisted of one flight of Anson aircraft engaged on
the development of radio countermeasures, and one flight of Wellington
aircraft from the converted W.I.D.U. whose purpose was a full investigation
of enemy methods of beam navigation and assistance in experimental blind
bombing trials.

Early Blind-bombing Experiments

During December 1940 and January 1941 the first attempts at blind bombing
made by the Royal Air Force were carried out by the Wellington flight against
the ‘ Ruffian' transmitters at Cherbourg.* A rather crude method had been

evolved whereby aircraft flew down the enemy beam until the cone of silence
was reached and then released bombs whatever the visibility. The accuracy
of the attacks was questionable, but they did prove that it was a simple matter
to locate the sites of the transmitting stations and that accurate methods

for radio-controlled bombing could be developed. The T.R.E. had been kept
informed of these early attempts and the operational requirements which had
given rise to them, and in December 1940 proposed that experimental flights
using the normal CHL apparatus with a modified display system should be
carried out over prominent landmarks. An observer in the aircraft signalled
to the CHL station when he was vertically over the object selected as a target.
Several experimental flights demonstrating the possibilities of the system were
made, and by comparing the radar range with the actual range it was estimated
that an accuracy of 80 yards had been achieved.

In January 1941 the CHL Group at the T.R.E., which had been carrying
out the earlier range-measuring experiments, devised a new scheme called
‘ Howler Chaser ’ which combined control in azimuth of aircraft with range

‘No. 109 Squadron O.R.B., January 1941.
‘ See also Royal Air Force Signals History, Volume VII ; ' Radio Counter-Measures
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measurement, it was claimed that a CHL station by virtue of the horizontal
' split ’ could detect any deviations from the correct course, and it was proposed
to modulate a remote high-frequency continuous-wave transmitter in accordance
with the off-bearing indication obtained by the split method. The type of
modulation proposed was that used on the blind approach systems in which
the distance off track was indicated by the depth of modulation of dots or dashes
according to which side of the mean track the aircraft had erred. Range
determined by modified CHL as in the earlier experiments, and it was estimated
that the release point along the track could be defined with an accuracy of
80 yards up to a range of 70 niiles,^ The name Oboe which was given to the
system was derived from the note emitted by the modulated continuous-wave
transmitter used in the experiments, considered by one member of the research
group to sound like an oboe. The name persisted and was applied to the very
different system of control which was eventually developed from those
beginnings.

was

By February 1941 it was known that the majority of the enemy beams
were originated in the Cherbourg area, and that one of them lay directly over
the CHL station at Worth Matravers. A requirement therefore arose in the
same month for the destruction of the Cherbourg transmitters, and in particular
of the station operating over Worth Matravers. It was proposed that aircraft
of the Wellin^on flight of No. 109 Squadron should fly along the German
beam in the direction of the transmitter, their range being measured accurately
by the CHL station at Worth Matravers, and the instant of bomb release should
be signalled from that station on the ordinary high-frequency communication
channel. The range of the target was 60 miles from Worth Matravers and in
order to be certain of obtaining reliable pulse returns from aircraft at that range
it was decided to introduce a new ancillary device in the form of a ' repeater ’
to be carried in the aircraft. The repeater consisted of a receiver which picked
up the radar pulse from the CHL station, amplified it, and re-radiated it, so
that the pulse received on the ground was more powerful than the normal
echo. In effect the repeater was a high-powered IFF set.2 The chief difference,
apart from that of power, between it and standard IFF lay in the strict
attention which had to be paid to keeping constant the delay between reception
of the ground station pulse and transmission of the magnified pulse since

this delay depended the accuracy of the ground measurements. This early
airborne repeater apparatus, which was named ' Broody Hen', was the fore
runner of that ultimately used in Oboe aircraft some eighteen months later.
Although several sorties were made in March 1941 with this method of ground-
controlled bombing, under the code-name of ' B.B.C.' (Blind bombing of
Cherbourg), no serious damage was inflicted, and in April 1941 the scheme was
abandoned in favour of radio jamming of tlie beams.

on

Development of Oboe

Although the early experiments were discontinued in view of the negligible,
amount of damage inflicted on the transmitting stations, the possibility of a
similar but more fully developed system was under consideration.  On 4 May
1941 Mr. A. H. Reeves assembled at the Telecommunications Research

T.R^Toumal o?bc Development ■ in
«  Royal Air Force Signals History, Volume V : ' Fighter Control and Interception
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Establishment a small group ot scientists known as the Oboe group. Ilte aim
of the group was the development of radio aids and techniques for blind
bombing with particular application to the scheme which had already been
labelled Oboe. In June ly-ll, the group submitted to the Air Ministry a proposal
that experiments should be made to determine the position of an aircraft by
cross-cutting accurate range measurements obtain^ from the use of two
modified CHL stations with rotatable aerial systems.^ In that way advantage
would be taken of the ability of radar to measure range accurately, and it was
estimated that individual bombs could be dropped in a target area of 200 feet
by 600 feet up to a range of 600 miles. The general principles were that when
near the target the bomber was to fly on a course at constant range from one
ground station, signals from which would actuate  a visual indicator. The

pilot would therefore be able to maintain his heading with ease. The second
ground station was to determine the ground speed of the bomber by plotting
its track over approximately 10 miles and to send  a bomb-release signal at the
appropriate moment. The signals to the bomber would be sent on the same
radio channel as that used for range measurement and consequently R/T or
W/T communication between the bomber and the ground station was not
necessary.

It was recommended in the original proposal that early development
work should be carried out on a wavelength of 1^ metres since fairly large
quantities of apparatus working on that wavelength were then available from
e.visting stocks of A.S.V. equipment, and that the use of centimetre wavelengths
should receive early consideration in order to counteract the possibility of enemy
jamming. Unfortunately the scheme was complicated and, in order to obtain
the required maximum range of 600 miles, involved flying a repeater aircraft
on a set course between the bomber and the ground station, amplifying the
signals sent out by the ground station to the bomber and vice versa. On
15 July 1941, however, the original proposal was modified, and a multi-channel
control system was introduced so that it would be possible for two ground
stations to control up to 20 aircraft simultaneously. In Oboe Mark I, l|-metre
equipment without repeater aircraft was to be used, whilst Oboe Mark IB
was to operate on the same wavelength but with repeater aircraft. Oboe
Mark II was to operate on centimetre wavelengths as was Oboe Mark III,
whicli also included a multi-channel control system. On 17 July 1941 the
Director of CommunicatiotJS Development reported the progress already made
on those lines at the T.K.E. since the scheme was first proposed.* Although
the proposals at first met with some criticism in the Air Ministry, the need for
an accurate method of blind bombing was becoming ever more apparent and
the Air Staff eventually agreed that the two CHL stations at Worth Matravers
and West Prawle should be made available to the Oboe group for experimental
work.

Whilst the subject was under discussion and initial experimental work on
the scheme was proceeding at the T.K.E. certain operations took place which
provided an argument against a previous criticism of a straight and level
approach to the target and indicated that the risk to bombers operating under
those conditions might not be as great as was anticipated. The operations,
which were known as ' Trinity' operations, were directed against the
Scharnhorst and Gneis&nau, then lying in Brest Harbour. The ships were
extremely well camouflaged and very difficult to bomb visually, so it was

* T.R.E. Journal, October 1945, •T.R.E. FUe D.1459.
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decided that a blind-bombihg technique was necessary. A study of long-range
narrow-beam radio technique had been undertaken by Headquarters No. 80
Wing and a scheme was proposed whereby aircraft could fly an accurate course

a radio beam to a range of approximately 200 miles. The beam which
suggested as suitable for the purpose was known as the Baillie beam, a device
which was subsequently used to a very great extent for navigation purposes with
the Oboe system. It was decided that the beam should be used in conjunction
with the experimental Oboe station at West Prawle, on the south coast of
Devon, which was designed to give the bomb-release signal. The Baillie beam,
which was a 6-metre dot-dash split beam, was laid from a station at Helstori
in Cornwall to carry the bombing aircraft over the ships, and the responsibility
for the installation, maintenance and operation of it was made that of Head
quarters No. 80 Wing. The T.R.E. was responsible for transmission of the bomb-
release signal by means of a Ifmetre pulsed transmission from West Prawle.>

Trinity operations commenced on 3 December 1941, and some 35 sorties
were subsequently flown by Stirling aircraft of Nos. 7 and 15 Squadrons of
No. 3 Group, using equipment working on 207 megacycles per second. The
aircraft crews included an additional second pilot from No. 109 Squadron, an
expert in beam flying, who took control of the aircraft in flight, and a special
wireless operator, also from No. 109 Squadron, to manipulate the Broody Hen
equipment. The aircraft picked up the Baillie beam at Helston and flew from
there to the target in a straight line at a height of between 15,000 and
18,000 feet. Considerable interference was experienced by aircraft in detecting
the note resultant upon the response of the IFF set to the Oboe station at
West Prawie because of responses to other CHL and GCl stations in the vicinity,
and it was found necessary to close down such stations for the duration of the
operations.*

An analysis made by the T.R.E. on 14 January 1942 revealed that of the
35 aircraft used, 11 were considered to have completed their mission success
fully in that they had dropped bombs in accordance with the plan.® Despite
the rather high percentage of failures, experienced as a result of the inadequacy
of the Broody Hen ranging apparatus, further exploitation of the scheme was
considered worth while, and operations were suspended until an improved
aircraft responder was developed. Although the Trinity operations caused
temporary diversion of scientific effort from Oboe development, some important,
if negative, results emerged. Firstly, Broody Hen was shown to be completely
unreliable, and consequently considerable impetus was given to the development
at the T.R.E. of ' Peacock ”, a pulse repeater operating on 222 megacycles
per second which by virtue of its higher power and greater sensitivity became
the first airborne Oboe equipment.'* Secondly, no aircraft was lost on the opera-
tion despite the necessity for straight and level flying over some 20 rmles of

^  >T.R.E.FaeD.1709.
Peacock yas a pulse repeater with pulse peak output of 7-10 kilowatts. It consisted

of a sensitive superheterodyne receiver connected by a suitable trigger circuit to a trans-
mitter. Received pulses activated the trigger circuit and caused the transmitter to emit a
pulse. The total delay between receiving and retransmitting a pulse was of the order of
4 micro-seconds.

The receiving and transmitting aerials consisted of centre-led half-wave elements
mounted on the tad of an aircraft, and tiie feeder system was carried up to the apparatus'
which was located in the navigator's compartment. The power supply was obtained from’
an 80-volt I 000-cycle generator placed in the nacelle of the starboard outer motor. The
receiver itself had two controls, one for volume and one for tuning, so that from an operating
point of view tlie installation was made as simple as possible.

on
was

some

=> T.R.E. FUe D.I709. “ T.R.E. Journal. October 1945.
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well-defended country, and thus a sound argument was provided against the
critics who had originally opposed Oboe on the ground of such a serious
limitation. The sorties were nevertheless very hazardous, most of the aircraft

being damaged by anti-aircraft fire, which indicated that an increase in

operational height was a further tactical requirement. The operations also
focused attention on the urgent need for precision bombing methods. Head
quarters Bomber Command submitted an immediate requirement and gave
wholehearted support to the development of Oboe.

In a skeleton programme submitted by the Oboe group in January 1942 it
was estimated that the l^metre project would be working by July 1942 and
that the complete centimetric equipment would be available for operational
use in January of 1943.^ In fact it was impossible to adhere to the schedule,
and Oboe Mark I equipment did not come into use until December 1942;
Oboe Mark II did not become operational until October 1943, and Oboe
Mark III until April 1944.

RELEASING

STATION

TARGET

The Oboe Track

The Oboe system was one in which an aircraft was controlled by range
measurements from two ground CHL stations.® The two stations transmitted

pulses on the same radio frequency but on different pulse recurrence frequencies;
the aircraft carried a pulse repeater to provide adequate signal strength of
the return pulse at the ground stations. Theoretically the aircraft was

required to fly on an arc, centred at one ground station (known as the ' Cat'

IT.R.E. FUe D.1637.

* See Appendix No, 4 lor further details of the system.

215

I 2(C50782)



Tracking’ station), of radius equal to the target range, and of length
eqiuv^ent to approximately ten minutes’ flying time terminating at the target.
This (rack formed the basis of the region of Oboe control and when the
aircraft was exactly on the predetermined track the pilot received a steady
continuous note in his headphones. Deviation from the track was defined
by a series of dots and dashes, as in the Lorenz beam approach system, the
dots representing a range less than the target range and the dashes a greater
range. The dots and dashes were superimposed upon the steady note and
the deviation from track was indicated by their relative intensity and definition
with respect to the note. The limit of this fine control represented a deviation
of 175 yards on either side of the track ; when the limit was reached the steady
tone disappeared completely, and clear dots and dashes were heard. At the
second ground station (known as the ‘ Mouse ’ or  ‘ Releasing ’ station) which
was situated some considerable distance from the Tracking station, normally
not less than 100 miles, progress of the aircraft along its track was followed
and its ground speed measured. From that information, used in conjunction
with a knowledge of the ballistic characteristics of the bomb and the pre
arranged height and air-speed of the aircraft, the point at which it was necessary
for the aircraft to release its bombs was determined and an appropriate signal
given to it. Instructions were transmitted to the navigator by means of a
steady continuous note, which was keyed at intervals to denote progress of
the aircraft along the track and to provide a warning of approach to the target
before the actual bomb-release signal, the overall time of Oboe control being
in the region of 10 to 15 minutes.^ Signals to the pilot from the Cat station,
and to the bomb aimer from the Mouse station, were transmitted on the same
wavelength as that used for range measurement, and both stations were inter
changeable for operative purposes.

In January 1942. although the work of the Oboe group was quite well
advanced on the 1 J-metre system, the scheme in its simplest form would only
permit of a few aircraft operating in succession at intervals over any given
target, and therefore was only applicable to a .small force of aircraft operating
against specially important targets suitable for limited attack, although it
was considered that it could also be used for fire-raising operations which would
allow for a follow-up attack by main force aircraft. The Oboe group it.sdf
had been split into two sections ; one section, situated at R.A.F. Hurn, was to
carry out the centimetre research work, and the other, at R.A.F. Boscombe
Down, to undertake all work on the Ifmetre technique. The assistance of'
the Wellington aircraft of No. 109 Squadron was made availalfle at the latter
unit.3 On 16 February 1942 the Air Staff requirements for Oboe were con
solidated into one statement which formulated the following principles.®
Firstly, immediate effort was to be concentrated on the Mark lA system using
modified CHL radar installations at Worth Matravers and West Prawle. A
frequency of 222 megacycles per second was allocated for experimental work,
and permission was given for bomb-dropping trials to take place over the
Stormy Down sea ranges. A Lancaster aircraft was to be allotted to No. 109
Squa^on for that purpose and every effort was to be made to conclude the
experiments by April 1942. Secondly, an investigation was to be made of the

‘ The air^ft was navigated by a system other than Oboe to the ‘ waiting poinT' from
which the Oboe operation began. ^ ̂

' T.R.£, Pile D.14S9. a A..M. File C.289S2/4S.

or '

so
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Mark IB repeater project using modified CHL equipment. Again, attention
was to be focused on avoiding the necessity of keeping the repeater aircraft on
track by using a beam installation. The same ground stations were to be used

for experimental work, and when the system was suflriciently developed, bomb-
dropping trials were to be carried out on the ranges at West Freugh. Finally,
it was stressed that much more concrete evidence of the practicability of the
Oboe Mark I system was required before any consideration would be given by
the Air Staff to the development of Oboe Marks II and III. In February 1942
range accuracy trials were conducted over a camera obscura, with two
Wellingtons of No. 109 Squadron which had been fitted with the Oboe repeater
and pulse communication systems. The camera obscura was situated approxi
mately 70 miles from the ground station at Worth Matravers and the results

obtained with it indicated an average error of plus or minus 34 yards with a
maximum error of 180 yards.^ Two Stirling aircraft of No. 15 Squadron
had also been fitted with pulse repeaters of the Oboe type so that they could
be adapted for use in the full Oboe scheme, which it was hoped would be ready
for use with repeater aircraft by midsummer 1942. It was anticipated that,
with repeater aircraft flying at 32,000 feet and the bombing aircraft at
23,000 feet, the range covered would be in the region of 650 miles, thus enabling
cities as far distant as Berlin and Munich to be attacked. Although work had
continued slowly on the centimetre wavelength programme one experimental
ground station had been constructed in a trailer situated near Swanage, and
one Wellington aircraft had been fitted with a pulse repeater, pulse communi
cation receiver, and visual indicator.

Flight Trials

Bomb-dropping trials, planned for mid-March 1942, were postponed at the
beginning of the month in view of the delay caused by the frequency change
from 207 to 222 megacycles per second, which necessitated modifications to

the aircraft Peacock equipment. Eventually, on 24 April 1942, the first trial
took place over the sea ranges at Stormy Down in South Wales, to be followed
by further trials from 25 April until 21 May 1942. Ranges of the target from
the ground stations at Worth Matravers (the Tracking station) and West
Prawle (the Releasing station), were 90 and 80 miles respectively, and an angle
of cut of 49 degrees was subtended from the two stations over the target. The
trials were conducted in two series. The first, which comprised the runs
made on 24 and 25 April and 1 and 3 May 1942, were made by a Wellington
aircraft of No. 109 Squadron, flying at 10,000 feet in conditions of perfect
visibility. Only one aircraft installation was available in this series, and was
not satisfactory in operation due chiefly to the types of valves used, the trouble
getting progressively worse as the trials continued. Modifications were made
to the equipment and the second series of tests was carried out on 19 and 21 May,
again by a Wellington aircraft of No, 109 Squadron in conditions of eight-
tenths cloud between the aircraft and the ground.® Forty-nine practice bombs
were dropped and an extraordinary degree of accuracy was obtained, 50 per cent
of the bombs falling within an ellipse approximately 400 by 200 yards, the
probable error therefore being plus or minus 200 yards along the major axis
>T.R.E, File D. 1637.

2T.R.E. Report 4/R.103/JENH—Oboe Mark I Trials by Group 4, T.R.E.—dated
7 June ,1942.
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and plus or minus 100 yards along the minor axis. Further tests were then
made, with a Lancaster aircraft flying at 22,000 feet, to determine the range
of the system, and they showed that effective ground control could be maintained
up to a range of 260 miles.

After the Stormy Down trials two papers were issued which were to be of
vital importance in the subsequent adoption of Oboe, Tlie first
memorandum issued by the representative from the Directorate of Tele
communications who attended the trials, and the second was an analytical
report drawn up by the Operational Research Section. Bomber Command,
who had closely observed the process and results of the trials.* The reports
contained the first objective considerations of the Oboe system by personnel
other than its originators or sponsors. Both reports emphasised the practic
ability and accuracy of the Oboe system, making no attempt to minimise the
limitations, and the O.R,S.B.C. report concluded with the statement that
' It is recommended that the use of Oboe Mark I as an aid to the location
of targets in the Ruhr should be put up as an extremely urgent operational
requirement, and that, to this end, two ground stations should be set up, and
six suitable aircraft fitted, on the highest priority .  . . The most important
point of all to emerge from the trials was that the direct range was about
270 miles when aircraft flew at about 23,000 feet, thus bringing all the important
targets of the Rulir within direct control of ground stations situated at the
nearest points on the English coast. The question of the future of Oboe,
and the immediate course of action to be adopted, became the subject of
thorough examination by the Air Staff so that an indication could be given of
the areas to be covered if the system was put into operational use immediately.

was a

Preparations for Operational Use

On 19 June 1942 the Air Staff raised an immediate operational requirement
for IJ-metre Oboe, without repeaters, to be used in attacks against the Ruhr
area with Essen as the focal point. The project was assigned the highest
priority, and it was decided that immediate arrangements were to be made by
the T.R.E, for the use of ground station sites near Cromer and Hastings, about
260 miles from Essen.^ It was considered that the quickest method of ensuring
effective empIo3nnent of the system was the formation of an Oboe squadron
and on 23 June 1942 the establishment and function of No. 109 Squadron were
modified for that purpose.^ Attention was then focused on tlie most suitable
type of aircraft for Oboe operations. The commanding officer of No. 109
Squadron had reported unfavourably on two aspects of the Wellington VI ;
the restricted view from the pilot's seat which made operations impossible when
the weather at base was other than good, and the difficulty of exit. Strong
recommendations were made to the Air Ministry by Headquarters Bomber
Command in July 1942 that Wellmgton VI aircraft should not be used for
Oboe operations, and that trial installations should be made in Mosquito IV
aircraft which were then being taken into operational use. It was pointed
out that the Mosquito IV was more suitable as its speed was greater than that
‘ A.M. Fite C.28852/45 and B.C. O.R.S. Report No. 53 dated 16 June 1941.

d^ided to duptote the stations on the sites to eliminate the risk of failuredue to technical breakdowns and because two pairs of stations working simultaneouslydifferent frequenaes with two groups of aircraft would double the effective force ^
» A.M. Fite C.28852/45.
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of any other bomber aircraft, and its operational ceiling was 30,000 feet;
providing not only a safeguard against interception by hostile fighters but
also the maximum range with Oboe. Meanwhile, in the summer of 1942,
the marker bomb, or target indicator, was produced. Earlier attempts to
develop such a bomb had been unsuccessful, and incendiary bombs had been
used for the illumination and identification of targets ;  a practice which had
a great disadvantage in that it provided the enemy with an opportunity for
starting ' spoof ’ fires. In addition, fires originated by incendiaries were
frequently so scattered or obscured by smoke that they failed to direct bomb-
aimers.

A requirement had accordingly arisen for a marker bomb which would

illuminate the target in distinctive colours and bum for a prolonged period.
Two types of indicators were evolved; ' Sk3nnarkers ’  for use when heavy
cloud obscured the actual target, and ' Groundmarkers' for use in clear
conditions. The skymarkers were designed in the form of a floating ‘ candelabra '
which burst at approximately 3,000 feet and remained suspended in the air
for a period of approximately five minutes, and the groundmarker burned
brilliantly in distinctive colours on the ground. The value of the indicators

for use with Oboe was ijuickly realised since a technique incorporating their
use nullified all existing objections to the scheme based on its low traffic

handling capacity. By dropping either version of the bomb an Oboe aircraft
need only act as a pathfinder, and could mark the target accurately for following
main force aircraft. The first marker bomb trials were held at Boscombe Down

on the night of 2/3 July 1942 with two Wellington aircraft fitted with Oboe.
Release was effected under Oboe control simultaneously with the release of a
stick of eighteen bombs from a Stirling aircraft for comparison. The trials
proved that by use of the marker bomb in conjunction with Oboe the whole
of the main force of Bomber Command could be brougiit to bear against an
enemy target instead of only the lesser effort of one specialised squadron.

Such a procedure was in line with the operational policy of using a pathfinder
force to mark targets, and development and production of the bombs were

taken up as a matter of urgency. This development also had an important
repercussion on the type of aircraft in which Oboe was to be installed, as,
although the bomb-carrying capacity of the Mosquito aircraft had been con
sidered too small, it became a practical proposition when the load was to consist
of only four 250-pound marker bombs. The only modification found necessary
was shortening of the bomb-tail to enable them to be released with reasonable

clearance in horizontal flight, in order that the ballistics were impaired as
little as possible. Consequently, in July 1942, the Air Staff decided that a
flight of No. 109 Squadron was to be equipped with Mosquito IV airci-aft,!
Arrangements were made for the first five to be equipped with Gee, V.H.F. R/T,
V.H.F. beam approach, and Oboe, at Stradishall by special fitting parties from
No, 26 Group.

In July 1942. two CD/CHL sites, one at Walmer, near Dover, and the other
at Trimingham, a few miles from Cromer, were obtained from the War Office
for conversion to two Oboe stations.* They were then duplicated; a second
site was already available at Trimingham, and a hut in the compound of the
CHL station at Swingate was converted to complete the second pair. The

* A..M. FUeCS.10741.* A.M. FUe C.28852/45.
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The first Oboe site at Trimingham was completed by 3 October 1942 and
the first site at Walmer. later to be called Hawkshill Down, was finished by the
beginning of .November. The second pair of stations was also practically ready
by 18 November, and by then six Oboe controllers and ten pilots had been
trained and were ready for operations. The completed ground stations were
taken over by, and manned by personnel from, No. 60 Group, the formation
fuUy responsible for their operation.* On 26 November permission was given
by the Air Ministry for all four Oboe stations to transmit continuously, inorder to convince the enemy that the transmissions were being radiated* by
normal CHL stations, the transmission characteristics being very similar.*
They began at 0900 hours on 2 December 1942, and  a daily two-hour break
was made in staggered periods at all four stations for servicing purposes. The
spoof transmission plan became a regular feature of the Oboe system, and
served a double purpose since it kept the equipment working continuoudy to
meet urgent operational calls. In addition, it was agreed by the Air Staff
that any one of the four stations could be used as either a Tracking or a
Releasing station according to the varying operational requirement for approach
tracks to different targets; the responsibility for deciding the function to be
fulfilled was vested in the Commander-in-Chief, Bomber Command.

At the begirining of December it became apparent that the target date for
the first operation. 12 December, could not be met. Training had been seriously
disruptwl by the severity of interference experienced on aircraft equipment
Although appropriate action was taken to eliminate interference caused by
Army G.L. transmitters, the trouble vvas not completely cleared. Training w^
again suspended whilst intensive air tests were carried out by No. 109 Squadron
and No, 1474 Flight in conjunction with the T.R.E. to investigate possible
sources and to check all transmissions made on frequencies in the band from
215 to 235 megacycles per second. It appeared that the interference was mainly
caused by radiations from Monica. Eureka and Rebecca. Filters were fitted in
the aircraft equipment, but although they were quite effective, it was decided
that major modifications were necessary to obviate the possibility of random
interference in the future. The decision resulted in the first major technical
change in the Oboe system, a double frequency scheme introduced in 1943 and
known as' K-Oboc On 7 December 1942 tfie Air Ministry gave Headquarte
Bomber Command permission to begin Oboe operations.^

rs

Operational Trials

On the night of 20/21 December 1942 Oboe was given its first operational
tnal. It was decided to attack a target on the Continent and to plot the resulting
bomb-craters shown on P.R.U. photographs. The target chosen was Lutterade,
a power station in Holland. Six Mosquito aircraft of No. 109 Squadron, each

* The stations were given the following A.M.E.S. numbers
Triminghatn 1: 9121
WaJmer (Hawkshilt Down): 9132
Trimiogham House II: 9131
SWingate: 9122

Worth Matravers and West Prawle. as experimental stations, were not mven AMES
numbers. . o - •

* A.M. File C.288S2/45, * Sm aho Appendix No. 5. ‘A.M. File C.»»S2/4S.,

221



carrying three 500-pound bombs, were detailed to attack at half-hourly
intervals from a height of 26,000 feet. In the event, only three aircraft were
able to attack. Hawkshill Down and Trimingham I acted as Cat and Mouse

stations respectively. The P.R.U. photograph obtained on 23 December 1942

showed a large number of craters in the vidnity of the target, most of which
were caused by bombs dropped inaccrirately during  a previous attack on Aachen
in adverse weather conditions; it was therefore impossible to calibrate the

system, and a new target was selected.

A large house near Florennes in Belgium was the second choice. It had

the advantage of being a military objective, isolated, free from previous bomb
craters, and suitable from the Intelligence aspect. Three aircraft from the

same squadron were detailed for the sortie, to attack the target at intervals
of twenty minutes from a height of 28,000 feet, each carrying three 500-pound
bombs as before. The operation took place on the night of 31 December/
1 January 1943 but the first aircraft developed technical trouble and the

remaining two had bad runs due to the very poor weather and turbulent

conditions which made accurate runs an impossibility. P.R.U. operations
were given high priority but after six sorties no photograplis had been obtained
owing to the presence of ten-tenths cloud over the target. Reports were later
obtained from Intelligence sources which showed that the two sticks of bombs
actually fell about 1,150 and 250 yards from the aiming point. The error in
the first stick was mainly range error, and in the second, one of the two bombs
failed to explode.^

Whilst details of the results of the first Lutterade raid were awaited other

attacks were carried out against steel works in the Ruhr, mainly with the
object of completing the training of air crews. A fairly ambitious programme
was continued and two series of operations were conducted. In the first series,
twelve groundmarking raids were made between 22/23 December 1942 and
16/17 January 1943, 19 sorties being made by No. 109 Squadron aircraft at
a height of 28,000 feet.* The ground stations reported three good and seven
mediuni runs, but again the fundamental difficulty arose in assessing damage
caused by small bombs from reconnaissance photographs of built-up and
factory areas.

r The texm ‘ range ‘ refers to the bombing error according to normal usage and does not
refer to the Oboe station.

>

Sorties AttacksDate

22/23 December

23/24 December

Target

Hambom
Rheinhausen
Essen ..

Hamboni
Rheinhausen
Rnhrort

Essen .,
Ruhrort
Essen ..

Ruhrort

Aachen

Ruhrort

2

2
22

1

1

124/25 December

29/30 December

15/16 January ..
16/17 January ..

2

1
22

22

2 1

14Total 19
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The ̂ cond series consisted of nine skymarking raids with Essen as the
focal point.^ The attacks were carried oat becaase bad weather prevailed over
the target area and an opportunity was provided for the Pathfinder Force
to try out the technique of leading the main force to a target in any weather
by means of skymarkers, a method in which flares were accurately placed in
the air at the required release point by an aircraft fitted with Oboe. The
Oboe Mosquitoes each carried four bundles of three flares, and operated at
heights between 27,300 and 28,000 feet. In order to prolong the marking
period, and to lessen the inaccuracy caused by drift of the flares, a second Oboe
aircraft, working on a different wavelength, was detailed to repeat the process
about three minutes after the first, and aircraft of the main force bombed on
whichever marker appeared most suitable. As
reserve aircraft were sent whenever available.

Of the nine raids, that against Essen on 9/10 January was the only one of
which useful night photographic evidence was obtained, the percentage of
bombs falling within three miles of the target being 60. Post-operational
analysis showed, however, that 11 of the 14 attacking aircraft had a calculated
error of less than 450 yards.® The size of the main force rose from 8 aircraft
for the first attack to 66 on the night of 13/14 January and, in all, 352 heavy
bombers were led to their targets by Oboe aircraft, in the sort of weather
which had hitherto rendered operations impossible. The main factor which
impaired accuracy was the difficulty of the meteorologists in estimating wind
velocities at high altitudes over the target. Although the Mouse at the ground
station measured the ground-speed of the aircraft, it could only do so between
certain limits of speed which were variable, and had to be set in advance in
accordance with the estimated ground-speed of the aircraft. Unfortunately,
little was known about wind velocities at the heights at which Oboe aircraft
were required to fly, and on at least four of the nine occasions the wind speed
and direction as forecast proved inaccurate.

insurance against failure.an

During these training raids the Germans themselves gave evidence of the
accuracy of Oboe, The Ruhrort steelworks was attacked on the night of
24/25 December by two Oboe aircraft, only one of which made a bombing run,
classified as of medium accuracy. The next day the German radio system
broadcast that ‘ . Some British aircraft broke the peace of Christmas night
and attacked western German territory. Among other objects several graves
in a remote cemetery were destroyed by bombs . .  .'  The cemetery was

I

Main

Force

Claiming
AUack on
Markers

Oboe A ircra/t

Total

A neraft
Dale

31 December 1942/1 Tanuarv
1943 .. .

3/4 Januarj'-
4/5 J anuary ..
7/8 January ,.
8/9 January ..
9/10 January
11/12 January
12/13 January
13/14 January .,

Target Detailed Attacked

Du.'iseldorf
Essen
Essen
Essen

Duisburg.
Es.sen
Essen
Essen
Essen

1 I 8 7
2 2 19 12
2 1 29 17
2 1 19 14
3 2 38 26
2 2 49 28
2 1 72 48
4 3 52 43
3 1 66 41

21 14 352 236
’B.C. O.R.S. No. S.78 dated 28 January 1943.
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situated just south of the selected aiming point. Results of the raids were
analysed in a report made on 28 January 1943 in which it was stated that
‘ it is considered that the accuracy is sufficient for groundmarking
purposes and it is therefore recommended that such an operation be carried
out at the first suitable opportunity on a clear dark night, against an important
target in the Ruhr . , The results of night photographs obtained on the
occasion of the sixth skymarking operations, with Essen as the target, indicate
that the percentage bombing achieved is three times as great as the best
percentage yet recorded on this target . , Several other points of importance
were raised in this report. ‘ These were ;—

(a) Indications showed that the operational accuracy to be expected was
about 650 yards.

(6) 66 per cent of the 47 main sorties were successful.

(g) No Oboe aircraft had been lost.

{d) The ground stations worked well, and it was expected that the
rtiodification to Mouse, proposed by. the Telecommunications
Research Establishment, would increase accuracy,

The Commanding General of the United States Eighth Air Force asked for
12 sets of Oboe Mark 1 to be installed in Fortress and Liberator aircraft of his

pathfinder force, but owing to a shortage of equipment, only one Liberator
and one Fortress had been equipped by February 1943. Then four crews
were trained with No. 109 Squadron, and during March and April flight trials
were conducted over the Stormy Down ranges. However, as a result of an
agreement made between the Chief of the Air Staff and General Eaker, the
Oboe aircraft of the Eighth Air Force were not permitted, for reasons of security,
to operate over enemy-held territory. Oboe was to be used by the Royal
Air Force for heavy raids only, and its use on small-scale nuisance raids was

discontinued. Its use over enemy territory in daylight was to be reconsidered
when the Eighth Air Force had sufficiently built up its strength, to some 200
to 250 aircraft, to enable large-scale attacks to be made. General Eaker was,
however, urged to assist with the development of Oboe Mark II as, apart
from its being less vulnerable to jamming, its capture would not necessarily
end the effective life of Oboe technique. Work on the repeater scheme which
was being developed throughout the first three montlis of 1943 caused a further

shortage of components, and in March 1943 Headquarters United States

Eighth Air Force was informed that only eight Oboe Mark I installations
could be made available. This, coupled with the security limitations, resulted
in a lull in the progress being made in Oboe operational technique by the
Americans until the situation was reviewed in June 1943.

By the beginning of June 1943 the United States Eighth Air Force had
formed a pathfinder unit similar to that of Bomber Command and submitted

a requirement for the fullest exploitation of Oboe when overcast conditions
became prevalent towards the end of the month of September 1943. Two
Liberator and two Fortress aircraft were equipped with Oboe Mark 1 and
several crews had been trained in its use. General Eaker pressed for the
supply of Oboe Mark I aircraft installations, as had been provisionally
promised in March 1943, to be accelerated, and supplemented by 18 Oboe

‘ B.C. O.R.S. No- S.78—Report oa Oboe operations up to 16/17 January. See also
A.H.B./1I/69/231A—T.R.E. Memorandum ' Some Comments oa O.R.S. Report No. S,78’.
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Mark II installations.^ Although it had been expected that the first 10
Mark II aircraft equipments would be available for installation by Tuly, and
another 30 by September, difficulties had been experienced with the klystron
valve Type PK.2, and completion of the programme was consequently much
delayed. A crash programme for the production of another valve, T5rpe
PK.150, had been started, but no deliveries were expected before October
1943, and the T.R.E. suggested that experiments should be carried out with
the transmitter and modulator of an American A.S.V, equipment, A.S.G.3.®
The Air Ministry therefore informed Headquarters United States Eighth Air
Force that it was unlikely that the request for Oboe Mark II installations
could be met until early in 1944, but eight Oboe Mark I installations would be
provided in August 1943. The comparatively small scientific staff of the
T.R.E. was very hard-pressed, and therefore in August 1943 several American
scientists were sent from the Research Department in Washington to help the
Oboe group with the development of Oboe Mark II. The combined groups
accelerated the progress of experiments with modified A.S.G. used in conjunction
with the receiver already designed for the Mark II installation.

In August 1943 General Eaker again asked the .Air Ministry to re\uew the
Oboe pro^amme in respect of its use by aircraft of the U.S.A.A.F. .Although
the security factors which had made undesirable an earlier release of Oboe
were fully appreciated, General Eaker felt that the risk was one that should
be accepted in view of the limitations imposed on effective operational
emplo3rment of the Eighth Air Force if such a radar system were not made
available. The Prime Minister was anxious that the advantages conferred
by such facilities as Oboe should be placed at the disposal of the U.S.A.A.F,
and suggested that a time-table for the future distribution of equipment should
be compiled by the Air Staff and the Eighth Air Force staff together. There
followed a series of discussions on the release of Oboe to the U.S.A.A.F. during
.August and September 1943, when the primary consideration was the danger
of equipment falling into enemy hands before the introduction of Oboe Mark II.
The risk appeared to be greater in daylight operations than at night, and the
chance of a Fortress aircraft being totally destroyed was much less than that
of a Mosquito. However, it was decided" on 28 September that the increased
concentration of attack which the Americans could bring to bear with the
of Oboe outweighed the risk of loss of Oboe Mark  1 installations, and approval
was given to the release in quantity of the equipment to the Eighth Air Force
if adequate destructors were fitted.

use

The first operation to be carried out by the Eighth Air Force with the aid
of Oboe equipped pathfinder aircraft took place on the night of 20/21 October
1943 against Duren, It was not very successful, nor were similar operations
in the following six weeks, owing to the efforts of the enemy to jam the Oboe
system, and by the end of 1943 the Eighth .Ajr Force had abandoned the
of Oboe in favour of H2S. Nevertheless, the use of Oboe, and Gee-H, was
continued by the medium-bomber aircraft of the Ninth Air Force, an intensive
training programme with Marauder aircraft being started in January 1944,
Two types of marking technique were introduced into the operational trials ■;

groundmarking known as ' Musical Parramatta ’ and skymarking known as
‘ Musical Wanganui ’. The second method was used when it was expected that

> .A..M. File C.28852/45. ~ ~~
See Royal Air Force Signals History, Volume VI: ^ Radio in Maritime Warfare’, (or

details of .\.S.V.

use

225



the target would be obscured by cloud. The track along which the main force
was to approach the target having been decided, the positions at which flares
were to be dropped and the heading to be used were calculated so that bombs
aimed at the flares with no allowance for wind would hit the aiming point.
The release-point flares were red or green enaitting stars of the opposite colour ;
they burned for two and a half minutes only and had therefore to be supple
mented by white flares, lasting approximately four minutes, released in salvo.
To assist main force aircraft to run up correctly to the release point, other
flares of distinctive colouring were dropped on track five minutes and two and
a half minutes before the release-point flares.

The position at which a flare had to be dropped so that bombs aimed at it
would hit a particular point was governed by the height, airspeed and heading
of the bombing aircraft, the tenninal velocity of the bombs, and the wind
velocity at flare-dropping height. The release-point flares moved downwind
continuously, and the point at which flares were flropped was normally
calculated so that they would be in the correct position one and a half minutes

after bursting, which was found to be the average time taken by an aircraft
to run up on a flare. Variation in most of the factors and a difference between

the actual and estimated wind velocities were inevitable; allowances could

not be made for them by adjustment of the bombsight and therefore bombing
on sk3mrarking was unavoidably less accurate than that on groundmarking
raids, even if the markers were dropped with equal accuracy. Since no
allowance had to be made for drift, it was easier to run up on a flare which
burst when expected than to aim correctly at a groundmarker, but the
difficulties of timing were such that only about half of the main force was .able
to bomb the release-point flares on the ordered heading. Later, difficulty was
added with the introduction by the enemy of decoy flares.

In the groundmarking technique, Oboe aircraft dropped primary taxget
indicator markers on the aiming point at the shortest possible intervals.^
Continuity of marking was provided by other aircraft dropping secondary
markers of a different colour, aiming them visually at thqse released by the
Oboe aircraft. The main force aimed at the primary markers if visible, or
alternatively,. at the centre of the concentration of secondary indicators.
This system did not suffer from any of the disadvantages of skymarking
attacks as the markers did not drift downwind and correct aim could be made

at any speed, on any heading and from any height. On the other hand the
accuracy with which the secondary markers were laid was considerably less
than that achieved by the Oboe aircraft. The success of the Oboe ground-
marking raids, as compared with other methods, was later to be attributed to
the certainty with which primary markers could be placed within a fraction
of a mile of the aiming points, thereby enabling tile remaining aircraft to be
instructed to aim at a single salvo of indicators rather than at the mean point
of impact of several.

Operational Use of Oboe Mark I

In view of the decision made by the Combined Chiefs of Staff at Casablanca
to give priority to the anti-U-boat war, and the resultant increase in the

importance given to attacks against U-boat bases on the west coast of France,
the establishment of Oboe stations to give coverage in that area was strongly

» B.C. O.R.S. Report No. S.102.
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urged. A proposal for the formation of a Southern Oboe Chain was quickly
approved by the Air Staff, and high priority was given to the building of two
stations at Sennen and Treen, near Lands End. and two at Worth Matravers.
The experimental prototype stations at Worth Matravers and West Prawle
were discarded, and the new ones erected in record time, great assistance
being received from working parties lent by the United States Army
Air Force.^ The Southern Oboe Chain carried out its first operation on
28 February 1943 when over 400 heavy bomber aircraft led by four Oboe
aircraft bombed the U-boat base and port of Saint Nazaire. Severe and
widespread damage was caused throughout the town and dock area, and the
fires were still burning on the following day. Up to the end of February 1943
19G Oboe Mark I sorties had been flown and 71 targets had been attacked;
a total in whigh Essen had figured 20 times, Dusseldorf seven times, and most
of the Ruhr towns on one or two occasions. The majority of the attacks
in the nature of operational training in preparation for the planned heavy
spring offensive against the Ruhr area, but they included 15 marking operations
in which some 1,576 heavy bombers were led to their targets by Oboe aircraft.
Iwo of the operations were particularly outstanding for the success achieved ;
the heavy raid against Cologne on 26 February, followed by that against Saint
Nazaire on 28 February, when on each occasion 400 bombers were engaged.
In the Cologne raid one of the Rhine bridges was so badly damaged that it
was closed to all traffic until the end of the following month.

were

The long-awaited Ruhr offensive began in March 1943, and continued with
increasing vigour until the end of June 1943. The first big Oboe-led ground
marking raid took place on the night of 5 March 1943 when eight Oboe-equipped
Mosquito IV aircraft of No. 109 Squadron led a following force of over 370
heavy bomber aircraft in an,attack against the Krupps factories at F-ssen, A
second attack followed on 12 March when seven Oboe aircraft led some 400
bombers to the same target, and a third equally heavy raid was made in April
1943. Two pairs of ground stations and consequently two channels were
available in the Eastern Chain.^ The success of the attacks was outstanding,
and most significant was the fact that groundmarking by Oboe brought the
level of results achieved against Essen, which previously had proved most
difficult to find, up to that obtained against easier and more vulnerable targets.
In 1942. 14 major raids had been made against Essen, in which 3,530 sorties

^ Oboe, or TjTse 9000. stations in operation by 14 February i943 :
Frequency in megacycles

per second
iwn channels

Height above
sea levelStation

2S0 feet
200 feet

• 170 feet
350 feet
400 feet
300 feet

Trimingham 1. Norfolk
Trimingham II, Norfolk
Hawkshill Down, Walmer
Swingate. Dover
Worth Matravers
Sennen. Lands End

211, 228
228. 236

228, . 236
211, 228
211. 228
211. 228

» Eastern Chain stations used for the Ruhr offensive
Frequency in
megacycles
per second

Approx, line
of shoot

090 degrees

090 degrees

Bailiie Beam

positions
Caistcr

Oldstairs
Caister
Oldstairs

Chaimel refers to pulse recurrence frequency, and pair to each two stations working
common radio frequency. ®
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Trimingham,I
Swingate
Trimingham 11
HawJcshill Down I

211 228

211 228

228 236
228 236
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were despatched and 179 aircraft were lost. This effort had, however, resulted
in only a few scattered incidents of damage in the town and the Krupps^ works.
The three Oboe-led groundmarking raids of March and April 1943, in which
1,245 sorties were despatched and 47 aircraft lost, had resulted in great
devastation both in the town and hi the works. In all. about 1,500 acres of the

built-up area were seriously damaged. Nearly 25 per cent of the factory building
of Kntpps suffered some form of damage and it was estimated that the works

lost the equivalent of three months' production solely as a result of the three
raids.

During March 1943, Oboe was used in 45 attacks against targets which were
mostly in the Ruhr area, the few exceptions being attacks on U-boat bases
on the French coast made under the control of the ground stations in the newly
formed Southern Chain. 84 Oboe sorties were flown and over 1,880 main

force aircraft took part. In April and May the concentration of effort was built

up ; 50 Oboe sorties leading over 1,600 bombers were made in April, and some
78 Oboe sorties followed by nearly 4,000 heavy bombers in May, The heaviest
attack took place on the night of 23 May, when 13 Oboe aircraft led 780 main
force bombers in a raid against Dortmund. A raid of similar strength was made
against Dusseldorf two nights later by a force of 670 aircraft, led by 12 Oboe
aircraft, and on 29 May, Wuppertal was attacked, 11 Oboe aircraft marking the
target on this occasion for some 630 bombers.^ During the month of June
1943 the peak of the Ruhr offensive was reached. Dusseldorf was again raided
heavily and it was reported that some buildings were still burning one week later.
Heavy damage was caused to warehouses and store sheds in goods depots and the
dock area and two-tliirds of the central area of the town was destroyed. Other
targets to suffer to much the same degree were Bochum, Oberhausen, Cologne,
Krefeld, Mulheim, Gelsenkirchen and Elberfeld. At Krefeld alone, 900 acres

of 1,100 acres of built-up area were devastated. Many of the attacks were

made in weather which hitherto would have prohibited any serious offensive
action. Up to the beginning of July 1943, 415 Oboe Mark I sorties had been

flown ; 140 operations had taken place involving about 13,000 sorties by heavy
bomber aircraft,

A detailed examination of the raids, based on evidence from night photographs
and the raid reports of individual crews, was made by the Operational Research
Section of Bomber Command, and a complete analysis of the results was con

tained in a report submitted in August 1943.® The use of Oboe for ground
marking had trebled the proportion of the main force aiixraft actually
attacking the target and had enabled very successful attacks to be made against
targets which had previously proved almost impossible to locate. The damage
resulting from the raids was on a scale never before achieved by night bombing,
and, from information then available, the systematic error appeared to be
about 440 yards. There was no indication of deliberate jamming of the system.
The main cause of such diversions of effort as had occurred were attributed

to the gaps in the Oboe marking and to inaccurate marking by ‘ backers-up ’.
Improved main force results, both in skymarking and groundmarking attacks,
would depend upon more frequent Oboe marking which in turn would entail

the provision of more channels. It was apparent, therefore, that additional

ground stations were necessarj' and it was estimated that a minimum of four

» See Table No. 5.

*B.C. O.R.S. Report No. 102, dated 31 August 1943.
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channels would be required to ensure continuous marking. Tf, however, eight
channels were provided it would be possible to dispense with ' backers up ‘
and the bomber force could operate with maximum efficiency. Oboe aircraft
enjoyed a very great measure of immunity from enemy action throughout the
Battle of the Ruhr. Only one aircraft reported interception by enemy figiiters.
and although 19 were damaged by anti-aircraft gunfire in no case was the damage
serious. However, two aircraft failed to return and there was always the
possibility tliat some, if not all. of the Oboe equipment had fallen into the hands
of the Germans, The possibility influenced to a very great extent the decision
of the Air Staff to introduce Oboe Mark II at the earliest possible date.

K-Oboe and Latching

In the middle of March 1943 particular attention was paid to a repeater
project about which technical opinion was divided  ; the soundness and
practicability of the underlying principles were questioned. The repeater
system was designed to increase the operational range of Oboe Mark I, which

more than 270 miles from the ground stations when an aircraft was
flying at about 28,000 feet. It entailed the use of a repeater aircraft, and it was
anticipated that the maximum certain range between ground station and
repeater aircraft would be 250 miles, and from repeater to marking aircraft,
400 miles. When allowance had been made for the repeater aircraft's ' beat'
of 60 miles, an operational range of 590 miles was obtainable. At that time
blind-bombing systems other than Oboe had reached an advanced stage of
development; H2S had already been introduced into operational use and was
expected to be installed in a large number of aircraft by the autumn, when
Gee-H would also become available. The repeater project met with considerable
opposition from Headquarters Bomber Command who contended that H2S
would be available as the main system for marking targets beyond non-repeater
Oboe range and that development should be concentrated on Oboe Mark II to
accelerate the date of its introduction, since it was likely to remain an operational
requirement only if it could replace Oboe Mark I within two or three months.
However, progress was being made with the K-Oboe system for making Oboe
Mark 1 le.s.s vulnerable to jamming, and development of the repeater system
was continued until October 1943, when reasonably satisfactory results
obtained from operational trials, mainly over Emden, but the project
dropped by the Air Ministry in November 1943.

was no

were

was

In the spring of 1943 the amount of interference experienced on Oboe Mark I
became a serious matter. Ehiring an attack against Duisberg on 27 March
1943 six of the nine Oboe aircraft detailed for the operation were not effective,
and it was confirmed that three of the failures were due to interference on the
228 megacycles per second frequency.* The source of the interference was the
subject of some discussion, and at first it was not definitely established whether
it was caused by enemy jamming or by one of the Allied radar systems. After
many weeks of investigation Monica was stated to be the cause, and frequencies
were reallocated. Many difficulties had been encountered, and although the
Eastern Chain was ready for K-Oboe by 13 March 1943, trials with the modified
equipment showed that its performance was inferior to that of standard Oboe,
and it was clear that many improvements were necessary before it could be used
for operations. The changeover to K-Oboe was eventually completed on
18 June 1943,2 ^
' A.M. File C.16261/44. ’T.R.E. File D.1459.
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For K-Oboe a second C.H.L. transmitter was added to each ground station,
working on a frequency which differed from that of the main transmission
by 8 to 12 megacycles per second. Both transmissions were driven by the same
pulse from the control unit, but a two micro-second delay was introduced
into the main transmi^ion. A second receiver was included in the aircraft

equipment to receive the second transmission. It incorporated an equal-delay
circuit so that pulses from both groimd stations arrived simultaneously at a
subsequent gate valve. The filter and transmitter circuits were triggered by
the coincidence of the two pulses and random interference was therefore

rejected. The aircraft installation could only be jammed if the enemy obtained
one complete with dipoles showing that two frequencies were in use. The

system was. of course, no protection against jamming of the ground stations
where there was only one receiver. Simultaneously with the introduction of
K-Oboe a third channel was introduced by making use of the existing four
radio frequencies. Operationally K-Oboe did not prove as invulnerable as had
been hoped and the changes made in frequencies had in fact not erased the
trouble but rather aggravated difficulties which had always been present.
Investigation of the many failures which continued to occur after the system
became operational showed that they were mainly due to interaction between
aircraft transmitters which again it was hoped to overcome by a process known
as ‘ Latching Previously it had been proved impossible to use Monica and

Oboe Mark I on the same operation but K-Oboe did permit both installations
to be used in aircraft operating over the same target, although not in the same
aircraft.

The success of the Ruhr offensive gave rise to an increasing demand on the

part of Headquarters Bomber Command for more Oboe ground stations, with
particular application to the future introduction of Oboe Mark II. Oboe
Mark 1 was, however, continuing to meet its obligations satisfactorily, and so a
decision was made in May 1943 to form a third Mark 1 channel at Winterton 2,
to become operational by 18 June in conjunction with a third channel at
Hawkshill Down. To obtain tlie necessary equipment quickly the installa
tions at Treen and Worth Matravers 2 were withdrawn leaving only Sennen
and Worth Matravers 1 operational on the Southern Chain. At the same time
a requirement was put forward by the Air Staff for a method with a much

higher traffic handling capacity to provide for the control of one Oboe aircraft
over the target at two-minute intervals, and the Telecommunications Research

Establishment was requested to accelerate development of Oboe Mark III or
alternatively to hasten and extend the Oboe Mark IIA project.'^

* The Latchiug, system was introduced to cut down the interference by increasing tlie
delay between the two transmissions irora two micro-seconds to seven and a half micro
seconds. Later, when enemy jamming was definitely established, a further modification
was necessary. In this, the atcraft transmitter frequency was made different from the
ground station transmitter frequencies and thus the ground station had to operate three
frequencies. The Brownless filter was specially designed to give optimum matching of the
several frequencies into the one aerial system, and to eliminate inter-action between the
transmitters. An improved version of the system which was higlily efficient and trouble-free
was eventually introduced.

* A.M. File C.28852/45. See Table No. I for details Of Mark I stations.
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CHAPTER 9

OBOE MARKS H AND IH

In July 1943, a target date for the operational availability of the
Mark II stations at Hawkshill Down 2 and Winterton was fixed for 7 August.
They were to be duplicated on completion, the new stations being known as
Hawkshill 4 and Winterton 3. Two mobile Mark II units were scheduled for
the end of 1943 and the siting of the first pair of Mark III stations at Winterton
and Hawkshill Down was under way. The Mark II fixed ground stations
were later known as Oboe Mark IIF and the mobile stations as Oboe Mark IIM.
The operational requirement for the Oboe mobile convoys, or Oboe Mark IIM,
was formulated in September 1943. The method of ojjerating one Oboe
Mark IIM convoy, which originally consisted of one radio vehicle only, was
similar to thfg for Oboe Mark I, but it was intended that an Oboe Mark II
mobile site might include up to four convoys. To enable the area of Oboe
coverage to be varied according to the current operational need, the convoy
had to be capable of moving at twenty-four hours’ notice. Consideration
also being given to the probable requirement for mobile stations
In the following month approval was

was

overseas,

given for the provision' of 20 mobile
stations, making 10 pairs, to be used primarily in the United Kingdom but to
be designed so that they could be easily diverted for employment abroad.^

Introduction of Oboe Mark II and Oboe Mark III

Development of an efficient airborne transmitter for Oboe Mark II
slow and difficult process during the autumn months of 1943. The PK.2
klystron was still unsatisfactory, the average ranges achieved with its use
being about 160 miles. Although pressure was exerted on the production of
PK.150, which was of higher power, it was not expected to become available
in any quantity before 1944.2 Attention was therefore focused on the
possibilities of the modified ASG.3 transmitter which used a tunable magnetron,
and of which supplies were readily obtainable from the United States of America.
After the initial difficulties were overcome, the hybrid installation of American
transmitter and modulator, and British receiver, proved to be highly efficient
and was eventually adopted as Oboe Mark II. Production of the klystron.?
PK.2 and PK.I50 was stopped. The installation in which it was intended to
use PK.2 had been given the code name Penwiper, and that with PK.150.
Pepperbox. The combination of modified ASG with the Penwiper
and control units was known

was a

receiver

as Fountain Pen, and with those of Pepperbox.
Album Leaf. The development eventually accepted ns the final design was
that of Album Leaf. The Oboe Mark II aircraft installation incorporated a
filter unit Type 68 and could be converted to Oboe Mark III bv the substitution
of another filter unit. Type 166.®

> See Tables Nos. 2, 3 and 4 for detaUs of Mark II and Mark III stations,
* A.H.B./248/1/3. C. o( C. Oboe Meetings. ’ A.H.B./ID/4/179.
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However, by mid-September 1943, four Mosquito aircraft of No. 105

Squadron had been fitted with Penwiper, using the PK.2, and six flight trials
were carried out with the first pair of Mark 11 stations. These were not very
successful and no increase in range over that of Oboe Mark I was obtained.
By October 1943, Album Leaf equipment was still unavailable, and the first
Oboe Mark II operational sortie took place on the night of 3/4 October, the
Penwiper installation being employed. On this occasion six Oboe aircraft
attacked Aachen, but only two were successful owing to the poor performance
of the transmitter.^ The second pair of Mark II stations, also at Hawkshill
Down and Winterton, became operational in mid-November, and a target date
for trials with the first Mark III stations was arranged for 1 December 1943.

These stations, pending the production of the Oboe Mark III filter. Type 166,
could only operate on one channel.®

At the beginning of November 1943, Headquarters Bomber Command
affirmed that although Oboe Mark I was continuing to give satisfactory service,
signs of intentional enemy jamming had been perceived and more pressure was
urged on a complete changeover to Oboe Mark II. All work had now been
taken off the Oboe Mark I repeater project and every effort was being made to
fit the new Album Leaf transmitters in all aircraft of Nos« 109 and 105

Squadrons. Towards the end of the month it appeared that Oboe Mark I
was no longer effective. Its performance had become increasingly unsatis
factory, culminating in a complete failure of the system on the night of
19 November 1943 during operations against Ruhrort and Leverkausen.® The
reasons for the failure could not be investigated at once but enemy jamming
was suspected. Headquarters Bomber Command thereupon submitted an

urgent requirement for three Mark II channels and  a more speedy delivery of
the aircraft equipment, stressing that the time had arrived for the conversion
of the ground stations from Mark I to Mark II and the speedy production of
the multi-channel Mark III scheme. In addition to the provision of complete
Oboe Mark II cover over the Ruhr and north-west Germany, of which the range
was to be increased at an early date by Mark II repeaters, the Air Staff had
also an urgent need for Oboe cover in northern France, and a further Mark III
station was sited at Worth Matravers to meet this commitment. This later

became Tilly Whim I and II. The Album Leaf equipment was being produced
on the highest priority and an output of 30 sets per month was anticipated.
It was not, however, the policy to introduce the Mark II system until such
time as supplies of both air and ground equipment were adequate or until the
Mark I system was definitely pronounced ' dead ’. The three pairs of Mark III
stations which had been constructed at Cleadon, Hawkshill Down and

Winterton, also giving Ruhr coverage, were additional to those supplied for
the Mark II scheme but there was a considerable delay in the installation of

their equipment Althor^h operational use had decreased during the latter
half of 1943, when there was a temporary lull in the Battle of the Ruhr, the
period was important for the building up of technical resources preparatory
to the destruction of V-weapon sites in northern France and the liberation of

^ A.H,B./248/l/l. Oboe Fitting Reports.
’ The aircraft equipments in Oboe Mark IIF, ITM, and IIIF differed only in respect of

one filter unit. (F.U.69 for use with Mark IIF and IlM and F.U.166 for Mark IIIF.) The
filter unit derived from the modulation the indications given to the pilot, which told him
whetlier tlie aircraft was on track or not.

5 A.H.B./n/69/231. ‘ A.M. File C.288S2/45. Fart 11.
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north-west Europe. At the beginning of July 1943  a requirement was
submitted for Oboe coverage in the Pas de Calais and Cherbourg areas where
the enemy V-weapon sites were under construction,
operations against the sites, and against targets selected in connection with
the planned landing in N’ormandy, would be an important commitment for
the Oboe system.

It was decided that

The areas concerned were embraced within an arc centred
at Dover passing through Le Treport to the Belgian coast and including the
Cherbourg peninsula north of a line Isigny-sur-Mer to La Hay. The ground
stations selected to cover the areas were:—

Pas de Calais ..

Cherbourg peninsula., Swingate or Hawkshill Down with Worth
Matravers I or Sennen and Worth Matravers I,

,. Trimingham I with Worth Matravers I.

At the time, however, both Sennen and Worth Matravers were on a care and
maintenance basis, and on 12 Au^ist 1943 instructions were issued that Worth
Matravers was to be made available for operational use with Trimingham
within four days. Two days later it was pointed out that since the pairs of
stations chosen for attacking the Calais and Cherbourg areas both used Worth
Matravers, targets in the two areas could not be attacked simultaneously.
On 20 August, Worth Matravers I, Trimingham I and Swingate were ready
for the launching of the attacks. The first operation took place on 30 August
when five Oboe aircraft of No. 109 Squadron marked a target near Calais for 31
main force aircraft. The controlling stations were Swingate and Trimingham I,
markers were dropped at the rate of one every ten minutes, and the accuracy-
obtained was estimated as being in the region of plus or minus 100 yards.
During the operation flares released by Mosquito aircraft marking the target
were actually observed visually from Hawkshill Down and Swingate as they
burst over the target area. The main feature of Oboe operations in the winter
of 1943/1944 was the renewed offensive against V-weapon sites in northern
France. The second series of such operations began on the night of 16/17
December 1943, and those carried out in January 1944 were the heaviest
made until June 1944 when the V-weapon offensive against London
initiated.

was

Extension of Oboe Coverage

At the beginning of 1944 much work was needed to prepare the Oboe system
for its part in the liberation of north-west Europe. It was hoped to have
eight channels available by April 1944, giving cover from Brest to Emden,
but it was soon realised that the Mark III programme was at least six months
behind schedule and that therefore only four channels would be available for
coverage in the Ruhr area.» Nevertheless, in January 1944, a comprehensive
programme was drawn up by the Air Staff in order to achieve the required
number of channels and coverage by March 1944, and considerable effort was
devoted to its execution. Priority of requirement was given firstly to the
supply of Album Leaf equipment in reliable working order for use in the
expanding Mark II system, secondly to the Mark III ground stations and the
corresponding filter units for aircraft equipment, and finally to the Mark II
mobile ground stations. Simultaneously the Telecommunications Research
Establishment was directed to concentrate on those projects rather than upon
other modifications to Oboe Marks I and II which were engaging its attention

1 A.M. FUe C.28852/45, Part II.
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at that time. The policy regarding the Southern Oboe Chain was formulated
on 11 February 1944 and several alteratioirs to the existing array of equipment
were proposed. The concentration of Oboe Marks I, 11 and III installations

in the Dover area was a weak point in the programme as all were within range
of cross-channel gunfire and there was consequently considerable risk of thdr
destruction. It was decided therefore to install two Mark II mobile stations

at Beachy Head where they would be sufficiently remote from cross-channel
shelling, and also capable of operating with either Worth Matravers or

HawkshiE Down. This suggestion was supplemented by the immediate
installation at Treen of the Mark 1 single-rack receiver made at the T.R.E.

Meanwhile the Air Ministry had decided that a crash programme was to
be carried out at the T,R.E. for the installation of Oboe in four trailers.^
Installation of the first two was to be made in two of the Mark III GL cabins
and the second two in modified SCR.584 trailers. The mobile stations w'ere

to be designated Mark 11 SM, the display unit being specially modified so that
the long and short time-bases were displayed on one cathode ray tube, and
the corresponding equipment installed on one CHL rack instead of three. In
both the Mark I and II systems the ground-to-air communication was carried
out by space modulation of alternate pulses. In Oboe Mark IIM and Mark III,
a new scheme using width modulation of all pulses was involved, but as this
method had not been tried or proved operationally, Mark IISM, incorporating
the use of space modulation in a mobile installation, was suggested and approved.
The additional modification of placing the complete installation in one rack
was solely to reduce the amount of equipment in the small trailers to a
minimum. In order to distinguish the Mark IIIGL vehicles from the
SCR.584 trailers it was later decided to adopt the following nomenclature;—^

width modulation .. Mark II M

space modulation .. Mark II SM
width modulation .. Mark II HM

space modulation ,. Mark II HSM

On 18 February 1944 a meeting was held at the Ah Ministry, under the
chairmanship of Sir Robert Renwick, to discuss the progress of Oboe in the
light of the requirements for the forthcoming offensive.® Tlw Telecommunica
tions Research Establishment was unable to guarantee that the Mark IIM or
Mark HI stations would be ready by 13 March in accordance with the Air
Staff requirements. The following facilities were, however, available by that
date;—

Southern Chain

Mark / ..

Two channels

Mark II

Two channels

Mark III

Four channels

Mark HI GL.
Mark III GL.
SCR.584 ..

SCR.584 ..

4 •

Two stations at Worth Matravers
Two stations at HawkshiU Down

Two mobiles at Tilly Whim
Two fixed stations at Hawkshill Down

One fixed station at Tilly Whim
One fixed station at Hawkshill Down

• «

* A.M. FUe CS.22484.

“ It is of note that Mark 11 HM and Mark 11 BSM were not used opwaaonally at home
bases but underwent successful trials at Bawdsey,
’ A.H,B./llE/24S/l/3. C. of C. Oboe Meeting.
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Eastern Chain

Mark I ..

Three channels
Three fixed stations at Winterton and
Trimingham

Three fixed stations at Hawkshil] Down and
Swingate

Two fixed stations at Winterton
Two fixed stations at Hawkshill Down

One fixed station at Winterton
One fixed station at Hawkshill Down.

Since it appeared unlikely that the mobile stations employing width modulation
would be operational by the end of March 1944, the T.R.E. recommended that
[our mobile stations emplojdng space modulation should be provided for
standby system. Efforts to put the Mark III system into operational
resulted in limited use being made of Hawkshill Down V and Winterton V at
the beginning of April. Results were poor, however, because of difficulties
inherent in the system.

Mark 11

Two channels

Mark III

Four channels

a

use

The progress of development with Oboe Ma-^-Jir was hindered to a great
extent by the priority given at that time t(r-the, provision of the Mark II
mobile convoys, and although successful operational trials were carried out on
il and 12 April 1944, it was not possible to use the system extensively until
July 1944.i As late as September 1944 only four Mark III channels
available at Hawkshill Down and Winterton, and to make even these
operational each channel was given its own radio frequency. This was. in effect,
a more compact equivalent of four Mark II ground stations. The Mark III
stations at Cleadon were never used operationally and Tilly Whim only a few
times during the Normandy landing operations. The second pair of Mark II
stations, also at Hawksliill Down and Winterton, had two channels available
by December 1944. They were used to a limited degree for operations during
the early part of 194vS. The obvious need for extended cover in northern France
and Germany which arose in March 1944 did, therefore, come at a critical
time, when every effort was being concentrated into producing Mark IIM
trailers for rapid deployment on the Continent. The situation was mitigated to
some extent by the installation of three mobile convoys at Tilly Whim near
Worth Matravers, and three at Beachy Head near Eastbourne, two of each
working on space modulation and one on width modulation.® Headquarters
No. 60 Group was made responsible for the upkeep and maintenance of both
the Mark IIM and Mark lISM convoys, the T.R.E. providing such help
required, and all effort was directed into the speedy production and operational
availability of the mobile stations.

Although Oboe was used extensively by the strategic bomber forces prior
to D-Day and after, and the necessary organisation had been set up to satisfy
such requirements, it was found undesirable to rely on the installation of Oboe
’ A.H.B./n/69/231B! B. Ops. 2(a) folder Oboe. ~~
*A.M. FaeCS.22487.

Nomenclature of the mobile stations was :—
Beachy Head 1—Westerly site—space modulation,
Beachy Head 2—Centre site—space modulation.
Beachy Head 3—Easterly site—width modulation,
Tilly Whim 1—Mark HI fixed station.
Tilly Whim 2—Easterly site—width modulation.
Tilly Whim 3—Centre site—space modulation,
Tilly ̂ Vhim 4—Westerly site—space modulation.

were

as was
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in all medium bombers of 2nd T. A.F, and the Ninth Air Force owing to shortages
of equipment and the major expansion of the ground organisation entailed
thereby. The Ninth Air Force obtained equipment from the Eighth Air Force,
and by D-Day 24 Matauder aircraft were equipped to act as pathfinders for other
Marauder formations. The strength of Oboe-fitted aircraft by that date had
risen to an aggregate of 60.

And-Jamming Measures
Two additional considerations arose in connection with Overlord operations.

The first was the problem of intensified enemy jamming and the second the

actual accuracy of Oboe. Oboe aircraft operating over the Ruhr area liad been

experiencing severe interference which usually .started hnmediately before the
bombing run and made, the timing of release signals difficult to distinguish,
whilst the Oboe stations in the Dover area were also being jammed by enemy
transmitters in the Pas de Calais area.^ The interference was an extension of

the normal jamming programme directed against CHL and other equipments
in the I^metre wave-band.* By the end of January 1944 jamming had become
so serious that the Director General of Signals decided that every effort must
be made to design anti-jamming devices immediately. The Anti-Jamming
Unit of No. 80 Wing had already proposed one method as a possible antidote
so it was agreed that this unit should undertake the experimental work and
that both Headquarters No. 60 Group and Headquarters No. 8 Group should
co-operate with the installation of equipment and trials. By March 1944 the
scheme had been formulated. Oboe information for the pilot and navigator of
Oboe aircraft was to be passed on normal communication channels on the

medium-frequency bands, positioning of the aircraft and the plotting of its
course still being carried out by Oboe. It was believed that effective jamming
of the medium-frequency waveband would be difficult and certain additional

modifications to the Oboe equipment were' made to afford even greater
protection.
Tests with an M.24 medium-frequency transmitter made by the Anti-Jamming

Unit at Mundesley in Norfolk liad proved successful, and the project was under
taken as an immediate operational requirement. To maintain the high degree
of security demanded, the scheme was only to be put into use when the Oboe
controller at the ground station decided that jamming was interfering with the
operation, and then only for the shortest duration possible. Furthermore, short
spoof transmissions on the communication frequencies when no Oboe operations
were in progress were introduced. An e-xamination was also undertaken of the

possibility of transmitting Oboe information on several Splasher transmitter^
which were being utilised for beacon purposes.® Arrangements were made in

April 1944 for anti-jamming equipment to be installed at Hawkshill Down I
and II. Worth Matravers I and III, Sennen, Treen and Trimingham I and
Winterton II, and on 31 May 1944 authority was granted for the system to be
brought into immediate use. At the same time the use of the Splasher beacons
at Braintree in Essex and Templecombe in Dorset for spoof transmissions
on their available frequencies was authorised.* Headquarters No, 80 Wing was

* See also .\ppendix. No. 6.
> No. 100 Group FUe TS. 1207/1/S/Sigs.
» Splasher beacons lormed a scrambled medium-frequency beam system consisting of a

group of four beacons employing frequency switching. {See also Royal Air Force Signals
History, 'Volume Vll : ' Radio Counter-Measures'.)
* No'. 100 Group File TS.1207/l/5/Sig3.
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deciding the number of beacons to be made available after receiving a warning
from Headquarters Bomber Command of the period when anti-jamming
transmissions were required, and for ensuring that the beacons returned to their
normal function when this period ended. However, by the time all the elaborate
arrangements had been crystallised enemy transmitting stations in the Pas de
Calais area had been heavily bombed, jamming had ceased, and the scheme
was not required.

Improvement of Oboe Accuracy
In the early stages of Oboe development it was not envisaged that such a

high degree of accuracy as 75 yards error would be required. However, the
changing situation of the war in 1944 demanded such precision. Little
information of the actual accuracy of Oboe was then available as few of the
attacks had been made on virgin targets and it was impossible to distinguish
bomb-craters arising from Oboe sorties from those of previous raids.
4 January 1944, a report on the relative accuracy of bombing against objectives
in northern France was submitted by the Operational Research Section of
Bomber Command. Indications of a systematic error in Oboe were revealed,
showing that the theoretical accuracy differed considerably from the actual
accuracy, and calibration of stations was thereupon undertaken. A meeting
was subsequently held at the Air Warfare Analysis Section on 24 January to
discuss the problem.^ Evidence available pointed to the conclusion that with
the Mark I system, accuracy varied from 150 yards at 15,000 feet on the French

accuracy was

not guaranteed to be less than one mile. The major cause of inaccuracy
considered to be the necessity for weaving whilst attempting to fly
theoretical circular track. A proposal for minimising such errors involved use
of the Cat ground station for measuring not only the distance of the aircraft
off track as in normal Oboe procedure, but also the rate of approacji to
from the track. By means of signals transmitted from 'the ground station a
pilot could be gradually homed on to track when he was within four miles of the
target, and could be corrected as soon as he tended to turn off track, instead of
only when he was already approximately 20 yards off, as was the case otherwise.
In short, a pilot was practically guided on to track, and once there, was given a
much more effective means of keeping to it. This method became known
as the Delta or exponential system.®

Experiments with the new technique had been carried out by the T.R.E.
in conjunction with the Oboe trainer at Marham as far back as November 1943,
but it was not until the increasing demand for accuracy arose in January 1944
that consideration was given to the installation of Delta equipment for trials
at Swingate and Trimingham. The changes could not, however, be made in time,
owing to the period required for design, production, training and organisation.
As a result, trials of Delta Oboe did not take place until Febraary 1945, A
target date of 21 April 1945 was fixed for the completion of Delta modifications
on vehicles being prepared for use on the Continent, but the system could not
be adopted in time to be of use operationally. It transpired later that the
effects of the Delta technique were twofold. Once the initial changeover was
made, the metliod of navigation on an Oboe beam was simplified and required
considerably less training time and experience than non-Delta tracking.

On

coast to 500 yards at 28,000 feet over the Ruhr. Oboe Mark II
was

on a

or

File CS.23140. “ B.C. O.R.S. Report No. 216.
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Secondly, it meant a reduction in flying errors, causing a considerable increase
in bombing accuracy, especially at low angles of cut. Flying accuracy was
increased and the average angle of weave of a Mosquito aircraft on operations
was reduced from l-l degrees to anything below 0*66 degrees. During the
Delta bombing trials conducted by the Pathfinder Force in January 1945 at
Penrhos and Otwood one of the highly experienced pilots in the T.R.E. Test
Flight obtained an average angle of weave of 22 minutes, and an average
distance off track of 8 yards, as compared with a previous figure of 55 minutes

■ with standard Oboe. The use of Delta Oboe therefore, at an average angle of
cut, 34 degrees, and height, 29,000 feet, reduced the average bombing or
marking error from 240 yards to less than 150 yards; the relative improve
ment in bombing accuracy between the new and the old systems, although
applying under all conditions, was greatest at large heights and small angles of
cut. The greatest value of the technique was evident when used for formation
flying, as even a small improvement in the steadiness of the leader was strongly
reflected in increasing bombing concentration. Delta Oboe operations
theoretically lessened some of the tactical difficulties incumbent in Oboe

formation flying such as the problem of getting on to track without upsetting
the formation.

Operational Use of Oboe in D-Day Operations

Oboe, in common with other radar systems, was invaluable during the
operations carried out immediately before the landings in Normandy, the
assault phase presenting problems of target-marking for which it was well
suited. The success of the landings depended upon the preliminary destruction
and paralysis of as much of the enemy tramsport and communications system
as possible. This entailed the bombing of a great number of marshalling
yards and supply and ammunition dumps in France, Belgium and western
Germany. Most of the Bomber Command effort was directed to attacks

against those targets early in March, when the assault phase of the operation
began. However, on a number of occasions it was found that the slight
scatter of markers, together with loose markers caused by ballistic errors,
gave the bombing force a selection of aiming points. This led to confusion,
and, in some instances, to waste of effort. To counter this, a master bomber,

who flew at low altitude if necessary to check visually, was introduced to assess

the accuracy of Oboe markers and, if necessary, to re-mark the correct aiming
point. Among the targets included in the offensive were Trappes, Le Mans,
Amiens, Laon, Aubsoye, Courtrai, Villeneuve,- LiUe, Tergnier and Ghent, and
in all the attacks against them between 100 and 200 main force aircraft were
effectively led by Oboe pathfinder aircraft. During the latter half of May
many gun batteries and radar and W/T stations sited along the French
coast were successfully attacked, usually without the assistance of a master

bomber since the targets were not sufficiently distinctive for visual identification.

Striking proof of the accuracy of the Oboe system was provided on 3 May
1944 when a small number of Oboe aircraft destroyed more than half the
ammunition stored at Chateaudun.

For many months before the landings the enemy had done everything
possible to jam British radar stations and the radar navigation systems used
by Bomber Command and the Eighth Air Force for long-range bombing
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Beaumont Hague/Au Fevre after attack on 31 May/I June 1944 Boulogne/Mont Couple after attack on 31 l\fav/ l June 1944 



operations.! It was therefore anticipated that during the assault phase of
operation Neptune the enemy would make an intensive effort to nullify the
usefulness of Allied radar. In consequence it considered essential to
employ the most effective protective measures which could be devised. The
methods of jamming available to the enemy were classed in three main
categories; the use of ground jammers, airborne jammers, and Window. A
careful analj-sis of enemy ground jamming activity was made from records
kept by the Anti-Jamming Unit of No. 60 Group, and the indications were
that the enemy maintained a large number of jamming stations on coastal
and inland sites covering a wide area from Norway to the Brest peninsula. It

suspected from direction-finding information that about 16 or 20 stations
were sited on or near the French coast, the majority of which were believed
to be concentrated in the Pas de Calais area. However, there was reason to
doubt the accuracy of the D/F fixes, and in any event the pinpoints were not
sufficiently accurate to enable direct attacks to be undertaken against the
jamming installations on that evidence alone. Accordingly a detailed photo
graphic survey was made of the areas in which the presence of jammers was
.suspected, as a result of which three jammers, the effective operation of which
might have very seriously affected the success of the assault phase, were
found. They were sited at Bemeval le Grand. Cherbourg/Urville Hague,
and Beaumonl/Hague au Fevre, and their elimination was considered to be
essential. The existence of a very large jamming installation at Mont Couple
Fort m the Pas de Calais area was also revealed, and the Admiralty requested
that It too should be rendered ineffective. Although it was deemed necessarj'
that all the jammers should be destroyed, there was some difficulty in deciding
the method of attack to be employ^. The nature of the installations seemed
to indicate that attacks by Special Air Service paratroopers was the only
certain rnethod, but finally it was decided to use heavy bomber aircraft in
conjunction with Oboe. The operations were entirely successful, witii the
result that no interference was experienced from ground jammers during the
assault phase and the weeks immediately following.

was

Mont Couple contained about 60 transmitters. The fiist attack, made on
29/30 May. was unsuccessful, but on the night of 31 May/1 June, in an attack
carried out by over 100 aircraft, at least 70 heavy bombs were placed on the
target, which measured 300 yards by 150 yards. The installations at Hague .
au Fevre were attacked on the night of 31 May/1 June by about 120 aircraft.
The mam concentration of bombs fell just outside the target area but an
effective number of bombs scored direct hits. The attack against Bernava!
Le Grand, carried out on the night of 2/3 June, was completely successful,
he majority of the eight or nine buildings, protected by blast-waUs. received

direct hits, and the remainder suffered so many near misses that the
operational value of the installations was seriously diminished. UrviUe
Hague, which was the centre of German Radio Intelligence, offered a target
ol a me of W/T masts running diagonally across an old fort, with headquarters
buildings located 150 yards to the south. On the night of 3/4 June it was
born bed by 99 aircraft, and remarkably successful results were obtained, the
centre of a very neat bomb pattern coinciding almost exactly with the centre

> A.H.B./riSI/34/l. Air SigiialB Report on Operation Neptune.
• See also Royal Air Force Signals History, Volume VII : * Radio Counter-Measures *.
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of the target area. The cumulative effect of the successful attacks against
jamming transmitters and wireless units became evident when the landing
operations were begun. At no time from D minus 1 to D-Day were more
than 18 per cent of the previously available enemy radio installations working,
and for part of the time no more than 5 per cent, and the task of employing
radio countermeasures against the remainder of the system was much
simplified. The stage was now set and all preparations made. On the night
of 5/6 June 1944, the Oboe stations at Sennen, Treen, Worth Matravers. Tilly
Wlum and Hawkshill Down were used in various combinations to attack

coastal batteries in the ten major defence positions between Barfl^ur and
Cherbourg which had been stated as a high priority invasion commitment in

February 1944,* Fifty Oboe sorties were flown between 2300 hours on D

minus I and 0500 hours on D-Day. Groundraarking was used for all the

attacks and heavy aircraft of Bomber Command bonrbed on the target
indicators. The total bomber force used was about 1.200 aircraft ; 5,000 tons

of bombs were dropped representing approximately 500 tons per target.
Forty-one of the 50 aircraft had serviceable Oboe: two of the aircraft failures
were not attributable to Oboe and an exceptionally high standard of service
ability was obtained.® In his despatch on the operations in north-west

Europe Air Chief Marshal Sir Trafford Leigh-Maliory stated '. . . The enemy
did not obtain the early warning of our approach that his radar coverage should
have made possible ; there is every reason to suppose that his radar-controlled
gunfire was interfered with; no fighter aircraft hindered our airborne

operations; the enemy was confused, and his troop movements were,

delayed . . .'

At dawn on D-Day, the United States Ninth .\ir Force sent out their

formations led by Ob^-equipped Marauder aircraft to carry on the offensive.
Bomber Command also maintained its concentrated effort during the day and
again on the night of 6/7 June when 51 Oboe aircraft once more led the main
force against nine major communication centres in France.® Oboe attacks

»TUly Whim I and Hawkshill V. the Mark 111 stations, worked together. Worth
Matravers I worked with Sennen, Worth Malravers II with Treen. The additional pairs
were made up of the three mobile convoys at each of the Tilly VVhim and Beachy Head
sites, which were also capable of working with the Mark IIF stations at Hawkshill Down IV
and II sliould targets arise in the areas covered by these pairs. Likewise the Mark 111
station at Tilly Whim could operate with that at Winterton, amd the Mark I station at
Worth Matravers with those at Swingate or Hawkshill Down.

• A.H.B./1IE/99. Oboe data for D-day Operations in France.
*

Main Force SortiesOboe SortiesTarget
AttackedDetailed

13235Constances
Saint Lo
Vire Saint Puriere

Argantau
Llssieux ..

Conde Sur Noireau
Chateaudun
Acheres

Caen *..

3 108a

1075
11810 7
975 4
1155

3 1055
971a

12456

3051
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continued from D-Day to D plus 30 against communication centres, airfields
and marshalling yards. 119 Oboe sorties were flown in that period by the
Ninth Air Force of which 40 aircraft failed, eight because of defects in the
aircraft equipment, Oboe serviceability in the region of 64 per cent beinff
maintained. ‘ ®

Deployment of Oboe Ground Stations on the Continent
Oboe facilities in the United Kingdom had proved to be adequate for the

opening phase of Operation Overlord but it was, however, desirable to
implement Oboe coverage at the earliest possible opportunity by taking
advantage of Continental sites. Unfortunately. aU the available mobile
equipment was deployed at home bases to provide the earlier and urgentlyrequired cover. Technical difficulties arose in connection with the equipment
and the first convoys did not cross to the Continent until the third week in
August.* While the assault phase of the operations was in progress, the
future of all radar ground stations which were to operate in the campaign
was under review, and, on 15 May 1944, Headquarters No. 72 Wing was formed
within the No, 60 Group organisation to take over the responsibility for radar
cover in the base area from mobile units of the A.E,A.F., thereby releasing
th(3se units for front-line support.® Eventually the wing was made responsible
for the maintenance of all radar navigation ground stations in the operational
theatre, amongst which was included six Type 9000 Mark DM convoys.'*
Control of the ground reporting system was vested solely in groups of the
A.E.A.F. Headquarters No. 60 Group retained control of major, policy and
of all details of a technical or operational nature, but day-to-day administrative
control of the wing and its associated units on the Contbent was maintained
by the regional group of the A.E.A.F,

"Die early work of the wing was mainly exploratory, most attention bebg
given to the preparations for its eventual deployment overseas. A small
equipment section was fonned at R.A.F. Cardington on 15 May 1944 to act as a
marshalling point for the equipping of convoys before they were called forward.
into the concentration areas, Meanwhile, the first Oboe Mark IIM convoy was
being deployed at Bawdsey preparatory to overseas workbg.® This convoy
desi^ated A.M.E.S. No. 9432, moved to Cardington on 9 August 1944 to
await callbg forward and its place at Bawdsey was taken by a second Mark IIM
convoy, A.M.E.S. No. 9441. Some ten days previously a forward element of
Headquarters No. 72 Wing, together with A.M.E.S. Nos. 7921 and 116, had
left England, arriving at AnnevDle-en-Saire on the Cherbourg penbsuia
31 July 1944. There it remabed until 30 August 1944 when it advanced
Chateau Mathieu. some five miles north of Caen.

* II.Q. No. 60 Group History of Oboe.
* .a,H.B./IKl/34/l, Air Signals Report on Operation Neptune.
*No, 72 Wing O.R.B,, September 1944,
‘ 'The basis of the Mark IIM convoy was the radio vehicle Type 434A. a trailer vehicle

*veighiiig some 10 tons and towed by Matador tractors. Two radio trailers and 16 other
vehicles were allocated to each convoy, the establishment being 76 technical and admmis
trative personnel with five coatroUers. aammis-
‘ In the original planning, one radio vehicle was to have constituted one Oboe or Tvoe 9(Wo

convoy, but later it was necessary to include two radio vehicles in the term convoy Thus
included, amongst other equipment, four radio vehicles,

were capable of operating foar Oboe control channels,

on

to

and
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Initial plans for the extension of Oboe coverage over the Continent envisaged
the establishment of two stations with two channels available at each, which
would pair up with two corresponding stations in the United Kingdom. The
Oboe technique required continuous voice contact between the controllers
and the Cat and the Mouse stations during operations, which placed a heavy
requirement on cross-channel conimunications; neither S.H.A.E.F. nor
Headquarters A,E.A.F. were able to provide the facilities from the small amount
of circuits which existed at that time.^ By 23 August 1944, owing to the difficulty
of maintaining landline communications across the English Channel, radio
equipment and frequencies were provided and enabled a network to be set up
for the control of Oboe missions. The efficiency of the system using radio
channels was, however, much lower than that of the same system using
landlines.2

On 22 August 1944, the first Oboe Mark IIM convoy, A.M.E.S. No. 9432,
landed on the Normandy beachhead. This unit, the third mobile radar ground
station to be deployed on the Continent, proceeded direct to a pre-selected
site on Mont Pincon. However, owing to an alteration in plans necessitated by
the rapid advance of the Allied armies, the convoy was instructed not to set

up station but to proceed to the Paris area. On arrival at the new site, Les
.Alluets du Roi, the convoy began to prepare for action but this site was still

too far in the rear for useful operations. Instructions were issued for the unit to

prepare for an impending move into Belgium, and eventually the convoy
arrived at Rosee, near Florennes, on 10 September 1944, when the station

was set up, and operations in conjunction with Hawkshill Down began on
15 September 1944. By coincidence the first mobile Oboe convoy to operate
on the Continent was sited at the place against which one of the very first
Oboe raids had been carried out. the calibration raid on Florennes on the night
of 31 December 1942,

On 26 August 1944 an Air Ministry plan for the deployment of the first

continental Oboe pair was formulated, allowing for a two-channel station at

Florennes in Belgium and a two-channel station at Commercy in France.
A.M.E.S. No. 9441, which had been undergoing field trials at Bawdsey, was
called forward, arrived on the Continent on 9 September 1944, and at Cummercy

14 September 1944. On the night of 25/26 September 1944, the first Oboe
operation using the two stations was carried out.® Six Oboe aircraft were
despatched and all failed. The failure was caused by a breakdowm in wireless
transmission at one of the stations rendering all control impossible as the two
convoys were out of touch with each other. After W/T contact had been
established a heavy explosion shook the convoy breaking a valve in the rectifier

circuit which could not be repaired in time to complete the operation. Oboe
did not, therefore, get off to a flying start on the Continent and the difficulties
were manifold. Snipers operated in the woods between the two convoys, mines
were located in the vicinity, and much work was still needed on the
communication side.

The initial disappointments were, however, soon overcome, and the use of
Oboe was continued, until the cessation of hostilities, in aircraft of No. 8 Group
and in the pathfinder squadron of the Ninth Bomber Division (M), Ninth Air

on

1 A.E.A.F. File TS.15581.

»The ranges obtained with the mobile convoys were approximately 100 miles at
1,000 feet rising to 280 miles at 34,000 feet.
’ A.H.B./IIE/248/1/6. Weekly Report on Oboe operations.
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Force, In October 1944 a preliminary survey of a heavy increase in Oboe
failures experienced after D-Day showed that they were in the main due to
navigation errors resulting in aircraft, when called, being many miles away
from the point at which they should have begun the Oboe run.' The errors
were undoubtedly due to the absence of Baillie beam installations, and
inadequate Gee cover. The Rheims Gee Chain, and the provision of radio
track guides, later did much to overcome the difficulty, and an increase in the
number of mobile signals units and frequencies assisted in removing the other
obstacles.

As the ground forces advanced on the Continent so tactical targets passed
out of range of the Oboe Mark I stations at Sennen, Treen and Worth Matravers.
•The last operation on which Worth Matravers, the most easterly of the stations]
was used, took place on 28 September 1944, and all the stations in the Southern
Chain were closed on the night of 6 November 1944, when dismantling
instructions were issued. The Mark I stations at Trimingham and Swingate
had ceased to participate in any operational sorties in April 1944, but they
maintained in use for training purposes until the middle of January 1945, Of
the remaining two pairs of Mark I stations. Hawkshill Down I and Trimingham I
ceased operations on 20 November 1944, and Hawkshffl III and Winterton II
on 14 January 1945. Thereafter all Oboe operations were carried out with
either the Mark II or the Mark III centimetre equipment. Gradually, the
operations controlled by the mobile units based on the Continent reached their
peak as those controlled by the home stations diminished until even the most
easterly Mark II and III stations in the East Coast Chain

were

.  , , were no longer
reqmred operationally. On 29 April and 8 May 1945 Oboe aircraft using Mark II
and III channels at Winterton and Hawkshill Down marked pinpoints in
Holland to enable Bomber Command aircraft to drop food to the Dutch
people. These, however, were to be the last operational Oboe missions
controlled by stations in the United Kingdom and all the Mark II and III
channels at Winterton and Hawkshill Down finaUy closed down on 8 May
1945. ^

As the need for cover from the United Kingdom diminished so the requirement
for additional Continental cover increased, and at the beginning of September
1944 the four Oboe Mark IIM and the two Mark IISM units positioned at
Beachy Head and Tilly Whim were also withdrawn for despatch overseas.
Simultaneously, the siting of radar stations to extend radar navigation and
precision-bombmg cover from continental bases became the first priority
commitment of Headquarters No. 72 Wing, and the rapid changes in the
military situation entailed a programme providing great resilience. Although
the rapid deployment of units in forward areas provided no difficulty, operational
delays were frequent owing to the unfeasibility of obtaining ground surveysrapidly. Conferences to solve these difficulties were held at Headquarters 2nd
T.A.F., and a system of aerial survey was adopted which was accepted subject
to confirmation by ground survey. It was subsequently found that where
aerial survey had been attempted the two surveys were in close agreement. A
build-up of Oboe stations on, the Continent then began, and by the end of
November 1944 ten two-channel convoys had arrived in France • of these
eight were Mark IIM convoys and two Mark IISM. Four sites had been chosen]
’ A.H.B./II/69/162. B.Ops.2(a) folder, Analysis of Losses,
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and the convoys were deployed so that there were two complete two-channel
Mark IIM units on each site with three operational and one standby channels.^
The Mark IISM channels were split, one channel being deployed on each
Type 9000 site. Meanwhile the transfer of Headquarters No. 72 Wing had been
completed; tl)e first main headquarters established at Chateau Mathieu was
moved to Caen at the beginning of" September 1944. and forward to Mons at

the end of that month, Here it was joined by the remainder of the wing
headquarters on arrival from the United Kingdom on 11 October 1944. .-Vt
the same time the assistance of No. 14 Air Formation Signals was made
available to the wing for the establishment of landline and D.R.L.S. services :

assistance of great value to a system such as Oboe, the effectiveness of which

depended largely on an extensive operational, communications network.

Early in December 1944 considerable re-organisation of the Type 9000
units became necessary in order to provide a complete four-cbannel convoy
for deployment in the Strasbourg area, south of the existing mobile stations.
In order to form this unit one Mark IIM channel was drawn from each of the

Type 9000 sites at Florennes, Commercy, Laroche and Rips, together with
one mobile workshop from both Florennes and Rips, and one controller’s

vehicle from Florennes. This convoy was a.ssembled at Headquarters 72 Wing
by 12 December 1944 ; on 14 December it left for the pre-selected site at
Molsheim in France and become operational by 27 December 1944.

remaining Type 9000 sites were then left with three Mark IIM and one
Mark IISM channels. The re-orgapisation of the convoys coritinued into 1945,
and on 24 January 1945 all units as previously constituted were theoretically
dissolved. Tlieir convoy numbers were dropped and their personnel were posted
to No. 72 Wing Type 9000 Section where they were re-assigned to units which

w'ere then designated Nos. I to 5 Type 9000 convoys.* Individual vehicles were

simultaneously allotted cabin pumbers. To maintain convoys efficiently in an
area recently occupied by an enejmy involves difficulties. The main problem was
that of accommodation. It was difficult to find winter quarters, large enough to
accommodate complete crews, which were near enough to the technical sites to

make communications easy and rapid, and, at the same time, economical in
transport services, In some instances good accommodation was available but
was too widely dispersed. Nevertheless, the extension of Oboe coverage during
this time enabled targets such as Stuttgart, Frankfurt, Schwemfurt, Ulm and
Nuremburg to be brought within Oboe range.

In the middle of December 1944 a counter-attack against the hitlierto steadily
progressing Allied offensive was staged by the enemy with the obvious intention
of breaking through to the coast. Despite earlier plans, aimed at affording
maximum operational cover, which had been made with a view to the possible
evacuation of fons'ard areas in the event of such an attack taking place, the
situatioti rapidly became critical, and for the first time the ability of No. 72
Wing to maintain cover in the face of rapid territorial changes was tested.
Seven radar navigation ground stations in the Laroche area were endangered,

The

‘  Convoy
AMES Nos. 9432, 94S2, 941'2B
AMES Nos. 9441, 9451, 9421A
AMES Nos. 9442. 9431, 94t2B
AMES Nos. 9411, 9422, 94I2A

» No. 72 Wing O.K.B.. February 1945.

Statim.

Florennes (Belgium)
Commercy (France)
Laroche (Belgium)
Rips (Belgium)
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including three Oboe units. Nos. 9442, 9412 and 9431. As the enemy assault
gained momentum, two aspects of the situation increased in significance. In
the first place was the need for maintaining units in an operational capacity as
long as possible to assist operations of the Allied air forces and to enable plans
to be completed for replacement sites to the rear. Secondly, it was vital to
ensure that technical equipment of either a useful or secret nature did not fall
into the hands of the enemy. By 16 December 1944 pressure had increased to
such an extent that tlie Laroche area was swiftly becoming untenable, and
on 18 December evacuation instructions were issued detailing all radar navigation
units to move to Florennes without delay.* The withdrawal began shortly
after midday and, in spite of extremely bad road conditions resulting from a
hard frost after a heavy fall of snow, coupled with the immense amount of

military traffic, was successfully carried out. There were no casualties to wing
personnel and nothing of a secret or documentary nature was left behind for

the enemy. Only a few of more than 100 vehicles were lost, and they were set
on fire by American demolition units at the last moment.® Resiting measures
were immediately introduced, but some delay in perfecting cover arose as the

depth of penetration seemed likely to involve the Florennes area, necessitating
further evacuation. Reserve sites were chosen at Elincourt, and the three

Type 9000 units involved in the withdrawal returned to Headquarters No. 72
Wing for re-fittirig. Although the evacuation of Florennes did not take place,
the first of the three Type 9000 units, A.M.E.S. No. 9442, to recommence
operations did so from Elincourt on 4 January 1945, and radar navigation and
precision bombing cover was re-established with the minimum delay.

In the new year the Molsheim area was also threatened by the enemy thrust
beyond Strasbourg, and on 2 January 1945 the area commander signalled to
Headquarters No. 72 Wing that a withdrawal was in progress and preparations
to move had been instituted. The Officer Commanding, No. 72 Wing
immediately gave authority for evacuation to be undertaken in emergency on
the initiative of the area commander without further reference to wing head
quarters. No risks were to be taken and all units were to withdraw to Commercy
and await further orders. The order of retreat was specified, giving priority of
movement to No. 1 Type 9000 convoy and its associated mobile signals unit.
By 4 January the position had become no longer defensible and the withdrawal

to Commercy began. Again weather conditions were to cause long delays but
all equipment successfully arrived at its destination.

Midjanuary saw the end of the German advance and the re-occupation of
both the Laroche and Molsheim areas came under consideration, .\lthough
Laroche was clear of the enemy a vast number of mines had been sown in the

area and all habitable accommodation destroyed during the short-lived

German occupation. Weather conditions were severe and heavy falls of snow
had made movement difficult, but by 26 January 1945 the radar navigation
units were again on their way back. A.M.E.S. No. 120 had already moved on
18 January to prepare the way for the arrival of the other units. No. 2 T3rpe 9000
convoy was the third unit to return to the environs of Laroche, arriving on
29 January 1945 at the site already prepared for it by A.M.E.S. No. 120 and

‘ No. 72 Wing O.R.B., January 1945.
* yield Marshal Von Runstedt subsequently disclosed that he had detailed an armoured

unit for the specific purpose of capturing intact all No. 72 Wing units at Laroche, and
tliat the Germans were at that time in possession of full detaUs of the location, strength,
and degree of mobility of the units.
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A.M.E.S. No. 7922, and becoming fully operational again on 5 February 1945.
Meanwhile, plans to re-occupy the Molsheim area were under way, and on
18 January No. 1 Type 9000 convoy moved to a site near Baccarat to await
clearance of its former site. On 5 February the convoy returned to Molsheim
and on 12 February it again became operational.^ The withdrawal from the
sites, and their re-occupation, drove home many lessons, notable amongst which
was that the lighter, mobile Gee-H equipment was better suited than heavy
equipment for occupying forward emplacements, where it could be left on site
for a longer period provided the necessary mobile defence forces of light armour
and anti-tank weapons were available. The experience gained influenced the
deployment of all R.N.A. units during the remaining months of the
Europe.

war in

By February 1945 the geographical structure of No. 72 Wing had been
re-established as it was in December 1944, but of necessity time was required
for recovery after the Ardennes offensive.® Nevertheless the Oboe stations
were continuously used by aircraft of both Bomber Command and the United
States Army Air Force and the number of aircraft operating with the system
against tactical targets was increasing daily. A special technique, known as
close-support attack, was adopted for sorties against vital targets close to the
front line. On some occasions the targets were less than 1,000 yards in advance
of forward troops and a high degree of accuracy was of major importance
Meanwhile anew method of assisting the navigation of Oboe aircraft, a rotatable
radio track guide, had been installed at Juvincourt. This had first been employed
experimentally with Oboe aircraft in January 1945 and had proved of con
siderable value despite the severe limitation imposed by its remoteness from
the front line. The promising results obtained with the equipment led to an
e.xpansion of the system and track guides were provided in the neighbourhood
of the three Oboe units at Laroche, Rips and Commercy. The arc of rotation
varied between 000 degrees to 170 degrees for Laroche, 010 degrees to 170
degrees for Rips, and 010 degrees to 16Q degrees for Commercy. The frequencies
allotted were 34-0 megacycles per second for Laroche and 34-4 megacycles per
second for both Rips and Commercy.®

The enemy was concentrating efforts-  jamming Allied radar navigation
and blmd-bombing systems. At the beginning of January 1945 severe inter
ference was encountered on the Gee system but only a few sporadic attempts at
jamming the Oboe centimetre wavelengths were reported.* Jamming of Oboe
^gan m earnest, however, in the early part of February, mainly during United
States Ninth Air Force daylight bombing operations. First indications were
the appearance of unlocked pulses having a fairly high recurrence rate They
overloaded the aircraft transmitter and resulted in poor repetition of the
interrogating pulses, causing ' garbled ’ signals. Three main types of jamming
followed, but as the ground equipment was in all instances triggered'by pulses
received in an aircraft and retransmitted by it, no signals were received directly

> No. 72 Wing O.R.B.. March 1945. ^
» See Table No. 6.

’ A.H.B./IIE/248/t/5. Radio Track Guides for use by Oboe aircraft,
was rendered vulnerable to interference by the wide aperture of the aircraft

CouHnent nf wf-? mdicauon in the aircraft. In addition, the exclusive use on theContinent of W/T, with a code which was almost plain language, gave advance warning of

on
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at the ground stations.* The normal response seen on the ground station cathode
ray tube was followed by one or more evenly spaced responses as the jammer
and the aircraft transmitted back and forwards to each other. Little adverse

effect on operations resulted.* At first it was difficult to determine whether the

interference was caused by the enemy or by radiations of radar systems on
adjacent frequencies, but a survey undertaken in March 1945 established it as

deliberate jamming. Subsequently a technique for locating jammers was
independently conceived by both Nos. 2 and 4 Type 9000 convoys and by a
comparison of the logs of two stations carrying out an operation the approximate
position of a jammer was determined.® A jammer near Mainz was excellently
pinpointed in this way, but by the time the position was determined the Allied

ground forces were over-running the area, l^ter, evidence was obtained of the
location of jammers in the Ruhr area, and interference continued to be trouble

some until the latter half of April 1944, when presumably the speed of the Allied
advance caused a complete disorganisation of the enemy efforts. Documents
captured from the Luftwaffe after the surrender substantiated earlier Intelligence
reports that the enemy maintained an extensive organisation near the Ruhr

valley whose sole function was the jamming of Oboe or, as it was known to the
Germans, ‘ Bumerang It also transpired that the enemy had gained consider
able advance warning of Oboe sorties by monitoring the Oboe high-frequency
radio control system.

The period of comparative stability which began in February 1945 ended in
the opening weeks of March 1945 when the Allied armies initiated deep
penetrations into enemy positions. Units of No. 72 Wing followed the territorial
gains at maximum speed. ‘ The necessity for going as close to the advanced
positions as possible in view of the rapid eastward movement led frequently to
the existence of siting parties among the advanced units, awaiting the clearance
of an earmarked area for immediate siting and- survey. Requests for the
deployment of Oboe stations in forward areas resulted in expansion of the
system parallel with that of radar navigation cover. After the Allied crossing
of the Rhine on 24 March 1945 the ground forces surged rapidly forward and
the Type 9000 units began to move into Gennaiiy to keep pace with the military
situation. No. 3 Type 9000 convoy, the first to arrive in Germany, left Florennes
on 20 March and became operational at Kempenich on 24 March. On 10 April
it again moved forward to Gotha from where operations began on 15 April.
Nos. 4 and 6 Type 9000 convoys moved on top priority from Commercy and
Tilburg early in April as they were no longer able to provide forward cover from
those sites. No. 4 Type 94)00 which was to proceed to a new site at Bad Homburg
left the Rhine bridgehead on 3 April. Upon reaching the crossing, difficulties

r The three types of jamming were ;—
(i) Uolocked pulses of high pulse recurrence frequencies bearing no relation to the

Oboe pmse recurrence frequencies,
(ii) 'Unlocked pulses having a pulse recurrence frequency nearly equal to that of

the Oboe channel,

(iii) Locked pulses sometimes combined with the first type.

The jamming mainly aSected the Mark IISM channels as the filter Type 166 used in
aircraft in me Mark IIM system accepted only incoming signals of tfie correct pulse

recurrence frequency.
the

position of the aircraft and having radii equal to the spacing of the
drawn. When tiie results of several sorties were superimposed,

• Circles centred on the

multiple responses were
the jammers could be identified as the points of intersection of many range circles.
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were encountered owing to the amount of military traffic of higher priority,
and the American authorities refused to allow the convoy to go through. A
discussion between S.H.A.E.F. and General Anderson of the Ninth Bomber

Division resolved the situation, however, and the convoy moved forward on

5 April to become the first of the No. 72 Wing units to cross the RWne. No. 6

Type 9000 convoy, which was scheduled for a site at Munster, then followed on
7 April, its crossing taking place without hindrance at the Wesel bridgehead in
the British sector. No suitable site was found at Munster and the convoy moved
to, and was finally deployed some twenty-four hours later at, Horstmar. Both
stations became operational on 8 April 194.S when they were used for marking
operations over Berlin for the first time, with reasonably satisfactory results.^
On 10 April No. 5 Type 9000 convoy ceased operating at Rips and moved to
Bamtrup where it became operational on 15 April. No. 2 Type 9000 convoy
had been retained at Laroche to provide cover over the Ruhr area, but after
the liquidation of the Ruhr pocket, the requirement ceased to exist, and on
16 April the convoy moved forward to Rottingen, becoming serviceable with
the minimum of delay at the request of the United States Eighth Air Force.
Only one Oboe convoy moved further forward. No. 4 Type 9000, which left
Bad Homburg on 26 April, and was operating at its new destination, Erbendorf,
on 30 April 1945.

Two operations were of particular note during this time, one which was
successful and one which ended in complete failure. The first took place on
23 April when one of the largest Oboe attacks using continental stations was

launched against Bremen. Nos. 5 and 6 Type 9000 convoys at Bamtrup and
Horstmar were employed and 40 aircraft successfully bombed the target with a
high degree of accuracy. On the second operation 16 aircraft were detailed to

attack Berchtesgarden on 25 April, using the Type 9000 convoys at Molsheim and
Gotha. The target was hopelessly beyond the range of the unit at Molsheim.
however, owing to the screening effect of the Black Forest, and the operation
was completely abortive. Although Headquarters No. 8 Group was aware of
the limitations, the attempt had still been considered worth while.^

Survey of Accuracy of Oboe

During the last year of operational use of Oboe a considerable amount of data
was obtained on the accuracy of the system. The information was gained in
various conditions ranging from marking operations over the Ruhr area at

maximum heights and small angles of cut to the latest bombing trials in the
United Kingdom. A comparison of the accuracy achieved with that of earlier

operations showed that the fundamental accuracy of Oboe varied according to
height, angle of cut and the type of target indicators used.® The average
operational accuracy achieved in moderate conditions was shown to be in the

region of 200 yards with low-burst target indicators, and 300 yards with high-
burst target indicators. In severe conditions and with high-burst indicators
the average radial error rose to 500 yards. A considerable increase in accuracy
in severe conditions when Delta Oboe was used was revealed in trials held in

the United Kingdom. Delta Oboe, by reducing the actual flying errors,
considerably reduced the bombing errors, especially at height and when angles
of cut were small. Insufficient data rendered impossible a comparison of the

> No. 72 Wing O.R.B,, May 1945.
> No. 72 Wing O.R.B., May 1945. » B.C. O.R.S. Report No. S.236.
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results obtained between continental stations and those obtained with h<nnc
stations but the continental units contributed to  a reduction in flying errors by
enabling much lower heights and better angles of cut to be used than would have
been otherwise necessary. The photographic cover obtained on the Continent

poor and it was extremely difficult to allocate target indicators to specific
Oboe channels. The only reliable evidence which could be obtained was from
plots made of high-burst indicator photoflashes but there was every reason to
believe that the results achieved with the mobile units based on the Continent
were of a very satisfactory nature.

The predominant features affecting the accuracy of Oboe marking during the
war years were :—

(i) The effect of flying, inaccuracies, especially at great heights and small
angles of cut.

(ii) Flare drift of high-burst target indicators due to errors m meteorological
forecast of wind velocities.

The main physical limitations of the system were the errors introduced in
lining-up aircraft equipment and setting up ground stations, the variations
of delay in the system with signal strengths, the inaccuracy and drift of the
crystal oscillators used as the basis of the measuring circuits at ground
stations, the uncertainty introduced by variations of propagation conditions,
and the geometrical errors due to siting and computation errors. In addition
factors such as bomb ballistics, and the human element both on the ground
and in the air, served to diminish accuracy from the generally assumed mean
error of plus or minus 440 yards. Nevertheless, a considerable overall improve
ment was apparent from June 1944 to June 1945. A. reduction of over 50 per
cent was noticeable in the average radial error and both range and line errors
were shown to have been eliminated completely. The early results obtained
at long ranges on raids against Ruhr targets when home stations were used
revealed a very significant undershoot of 230 yards but fortunately it was soon
found that the bulk of the undershoot was due to tJie use of a wrong terminal
velocity for the target indicator. At the same time it was discovered that
some of the approximations used in the formulae for computing Oboe
were not justified at less than 150 miles. Final corrections to these .
were made in January 1945 after which date no further systematic errors
revealed in Oboe marking at either long or short ranges. Increased stick
spacing of target indicators and the provision of the improved Type 60
computer reduced the gross errors considerably, and the ' boob ' rate fell as
pilots and navigators became more skilled in Oboe technique. The urgent
requirement to use all available Oboe equipment operationally prevented many
accuracy trials from being carried out between December 1942 and the spring
of 1945, but a further comparison of .operational results obtained up to May
1944 with the results obtained during the T.R.E. and Pathfinder Force trials
at Otmoor nearly one year later revealed an overall increase in accuracy,^ The
solution to the problem of flare-drift was the use of low-burat target indicators,
but that was only possible when the loss of the distinctive cascade effect
achieved with the high-burst target indicators was tactically acceptable. Any
further development of the Oboe system as a target marking device obviously
necessitated the parallel development of an improved target indicator.

was

ranges
errors

were

• See Table No. 7.
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The extent to which Oboe was used during the campaign in Europe is shown
by a summary of sorties flown by No, 8 (P.F.F.) Group, and the pathfinders of
the United States Army Air Force, between December 1944 and April 1945,
under the control of ground stations based on the Continents

Dec. Jan. Feb. Mar. Apr.
No. 8 Grottp :

Sorties

Percentage Successful

Ninth Bomber Division (M) :
Sorties

Percentage Successful

From 20 December 1942 until 3 May 1945 the Royal Air Force undertook

1,791 operations with Oboe-equipped aircraft, involving 9,624 Oboe sorties,
and from 20 October 1943 until 1 May 1945 aircraft of the United States Army-
Air Force flew 1,663 Oboe sorties on 627 operations. To ensure accirracy in
food-dropping operations over Holland the Oboe system was \ised from 3 May
1945 until 8 May 1945, when all home and continental Oboe ground stations
were closed down,*

72 158 336 364 537

52 60 7166 65

195 471 107146 119

47 52 57 72 64

* Report on Assault Phase oi Operation Overlord. The percentage ol successes shown is
a measure only of the correct functioaing of the Oboe system amd does not take into account
failures of visual bombing or cancellation of sorties.

• The deployment of continental stations was then :—
No. I Type 9000 ..
No. 2 Type 9000 ..
No. 3 Type 9000 ..
No. 4 Type 9000 ,.
No. 5 Type 9000 ..
No. 6 Type 9000 ..

Metsheim.

Rottingen.
Gotha.
Erbendorf.

Bamtnjp.
Hostmar.
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The T.R.E. proposai included a time-table ot the arrangements required,
which, if adhered to, would enable 100 aircraft to be fitted with Gee-H and used

operations early in 1943. Ground station sites at the High Street C.H.
station near Lowestoft, and at Beachy Head or on the Fairlight ridge near
Hastings, were recommended, and it was planned that the installation of
ground station equipment should begin by 15 August 1942. The design of aircraft
equipment was to be completed by 1 September 1942 so that full details of the
installation could be made available for contractors by 1 October 1942. The
T.R.E. considered that the project entailed no great diversion of scientific
effort since it could be regarded as merely a modification of the existing Gee
development schedule. The installation of additional equipment in 100 aircraft
involved a programme about equivalent to that of installing the first 100 Gee
equipments, and the addition of the two ground stations required for H meant
little when compared with the existing Gee ground station installation task.
The proposal concluded with the statement ' It should be clearly under
stood that the T.R.E. is submitting with a full sense of responsibility that the
above project should be undertaken at once, without trials, in the belief that
the risk of failure is very small and that the operational benefit to be gained
is very great, particularly if timed for early 1943 .  . .’

On 9 September 1942 the Air Staff decided that Gee-H was to be instaUed
in aircraft of the Pathfinder Force. Two hundred aircraft installations were to
be made available as early as possible in 1943, and H ground stations were to be
developed as mobile stations.^ It was an unusual procedure, but it was felt
that a good start would have been made towards getting the system into
operational use should the experimental and development work prove to be as
successful as was anticipated. A committee was formed, under the chairman
ship of Sir Robert Renwick, to co-ordinate the various aspects of the project,
and held its first meeting on 17 September 1942, when the Air Ministry
representative explained that Gee-H was the first stage in the development
of The use of A-S.V. Mark II as a. basis for Gee—H aircraft equipment
had been considered, but it was decided to use instead 200 surplus A.I. Mark VI
transmitters, and permission was obtained from the Air Staff to use the valve
Type V.T.90 over enemy-held territory, as the Germans had already obtained
some of the valves when they came into possession of A.S.V. equipment.^ Air
craft already equipped with Gee were partly equipped for Gee-H, and aircraft
equipped with Gee-H were able to make full use of Gee facilities, since the
installation of Gee-H meant only the addition of three units, weighing about
120 pounds, and a separate aerial.'* Headquarters Bomber Command suggested
improvements to make the system meet operational requirements more com
pletely, but considered that the value of the H system in aircraft not fitted
with H2S promised to be so considerable that it was well worth while to go
ahead with its development, in spite of the inherent shortcomings of the system,
so that full use might be made of its advantages at the earliest possible
moment.6 It was therefore decided that modifications were to be incorporated
only if no interference was caused with the production and general introduction

on

‘ A.M. FUe C.30474/46.

’ H-SBB was Separate Band Beacon incorporating the H system.
® A.M. File C.30474/46. * The additional power required was 400 watts
‘ One Shortcoming wm the employment of the Gee time-base tor the H system, for which

it was not designed and not entirely suitable. ^
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of Gee Mark II. In January 1943 trial installations in Lancaster, Stirling and
Halifax aircraft were requested by Headquarters Bomber Command, but the
Commander-in-Chief was asked to reconsider his decision to have the equip
ment installed in all the aircraft of four pathfinder squadrons and to confine,
installation to one type of aircraft only. By then it had become apparent that
Gee-H would not be available for operational use before September 1943.
It was anticipated that by that time a considerable number of Lancasters of
the main force, other than those capable of carrying 8,000-pound bombs, in
addition to Lancasters of the Pathfinder Force, would be equipped with H2S.
Headquarters Bomber Command consequently decided that Gee-H should be

installed in Lancasters modified to carry the heavy bombs, which could not be
equipped with the existing H2S installation, and the Air Ministry requested
that sufficient priority might be allotted to the requirement to ensure that a trial

installation was completed by the end of March 1943 ;  the requisite modifica
tions were to be incorporated on aircraft production lines from 1 July 1943
onwards.^ However, at the beginning of March 1943 it was decided that because

a Gee-H installation was likely to reduce the radius of action of the modified
Lancasters to 300 miles, and because Headquarters Bomber Command and

the T,R.E. could not agree about the degree of accuracy likely to be achieved
with the system, final decisions regarding the operational employment of
Gee-H should be postponed until Service trials had teen held.®

Development

After tests had been carried out to determine the extent to which inter

ference might be expected from neighbouring C.H.L. stations, the sites for the
first ground stations, High Street near Lowestoft, and Beachy Head, were
selected to provide an Eastern Gee-H Chain with coverage similar to that of
the Eastern Gee Chain.® Static stations, containing two sets of equipment,
one for operational use and the other to act as a standby and to be used for
training purposes, were planned, and on 20 November 1942 it was decided
that the T.R.E. should set up a prototype at the High Street site, to be installed
and manned by early December. Block numbers were allocated to Gee-H
stations and arrangements were made for two technical officers and four radio
mechanics to be attached to the T.R.E. for training,

programme was planned to begin in January to provide servicing personnel
for the second station, and operators for both. On 26 November 1942 the

Beachy Head site was rejected because it was too close to some vitally
important wireless equipment, and a new site was chosen at Fairlight, which
was then renamed Grangewood to avoid confusion with the existing C.H.L.
station. By then it had become a matter of urgency that the site should be
cleared as quickly as possible in view of the long delay experienced in the
clearance of the origin^ site.

The T.R.E. prototype equipment was made available for training and
experimental purposes at High Street by January 1943. Tests indicated that
Gee-H transmissions could interfere appreciably with C.H. operations but it
was found that the interference could be completely overcome by the suppression

A second training

‘A.M. FUeC.30474/46.> A.M. FUe C.30474/46.

» A-M. FUe C.17209/44 and T.E.E. FUe D,2065,
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of Gee-H transmission during certain phases. This required only the addition of
a small unit to the Gee-H receiver and to each of the C.H. receivers, and the
installation of a locking line between them.» By March 1943 the second
prototype equipment was installed at Grangewood. and was used with its
counterpart for tests and training until the fixed stations became available
on 1 July 1943.

The frequencies required for Gee-H were in the 20 to 30 megacycles per
second band for air-to-ground working, and in the 50 to 80 megacycles per
second for ground-to-air. The Home Chain radiated in the first band, and
although specific allocations were selected for Gee-H, it seemed probable that
C.H. stations at close range might trigger the ground station equipment. In
addition, the frequency band was already compromised as it had been used
for Gee. Difficulty was experienced in obtaining  a specific allocation within the
.50 to 80 megacycles per second band for the ground-to-air link as the band was
already largely used by G.L. transmitters, and its further use was projected
for a higlily-important communication system on the south coast. The wisdom
of proceeding further with the Gee-H system consequently appeared to be
doubtful, since the scope of its operational employment was likely to be limited
by interference and jamming, and the shortest effective operational life that
could be accepted was one month. In addition, the initial estimates of the
T.R.E. regarding the provision of aircraft installations had proved to be too
optimistic; the requisite modification of A.I. Mark VI entailed many more
fundamental changes than had been anticipated, and the necessary components
were not available. .Although the two experimental ground stations were made
ready by March 1943, the target date for operational use of Gee-H had to be
altered, tentatively, to September 1943.

In the opinion of Headquarters Bomber Command the answer to the problem
was a very early introduction into ojierational use within narrower limits,
and on 16 March 1943 a memorandum was produced in which it was suggested
that, instead of delaying the start of operations until 200 installations were
available, probably not before October, the system should be employed only bypathfinder aircraft in a manner similar to that in which Oboe was then being
used. In order to postpone for as long as possible the eventuality of the aircraft
equipment fading into enemy hands, it recommended that Gee-H should
be installed in Mosquito aircraft of the Pathfinder Force. The success of a
raid against Essen on 5/6 March had shown the value of using Oboe for accurate
groundmarking when used in conjunction with ' backers-up' and a large
main bomber force. It was considered that Oboe Mark 1 was likely to become
ineffective at any time because of enemy jamming, and, since Oboe Mark II
was unlikely to become available before August 1943 even at the most optimistic
«timate, there might well be a gap during which the extremely prorrusing
Oboe technique would not be available. It was possible that the use of Gee-H
could effectively fill the gap.* About 30 aircr^t eqvupments were expected
to be available by June, and the two temporary ground stations of the Eastern
Gee-H Chain could be used for the training and employment on operations of a
few aircraft. The introduction into operations of  a small number of Gee-H
Mosquito aircraft appeared to be a task of much less magnitude than that
originally proposed.

’ T.R.E. File D.206S,
• A.M. FUe C.30474/46.
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If a frequency of 32 megacycles per second was used for air-to-ground
transmissions there seemed little danger of Gee-H being compromised by Gee
Mark 11, which ranged no further than 29-7 megacycles per second. It was
therefore suggested that the T.R.E. should be asked to make a trial installation
of Gee-H in an Oboe Mosquito, in such a way that the equipment would be
interchangeable with Oboe. At least one Mosquito was to he sent to the T.R.E.

for fitting and subsequent use for trials at operational height, and for develop
ment of operational technique and training. The crews of No. 109 Squadron
were to be trained in Gee-H as soon as equipment became available, so that

very little time would be lost before groundmarking operations could «be
restarted once Oboe Mark I was jammed. The proposal was agreed to in
principle on 25 March 1943, but permission to go ahead with it was not to be

given until a detailed examination of the target-marking capabilities of Gee-H
in its then existing form had been made.^ A Mosquito was sent to Defford for
trials on 20 April, but was found to be of such an early Mark that it needed some
modification before the Gee-H installation could be begun. Other difficulties
became apparent and in June 1943 it was agreed that all work on a Mosquito
installation should be stopped,

Service and Operational Trials

Service trials with a Lancaster Gee-H installation were started by the Bomber
Development Unit on 28 J une 1943 with the object of determining the accuracy
of the Gee-H system at long range. To begin with it was found that signals
from High Street and Grangewood could not be received at tlie tlieoreticai
maximum range in the backward-looking area because of the e.'dstence of high
ground between the ground stations and any points at which such signals
should have been received. Eventually it was found that signals from both
stations could just be received at a height of 15,000 feet when the aircraft
was over the level crossing at Llandow, near Porthcawl, 225 miles from High
Street and 196 miles from Grangewood. The first seven tests revealed a

systematic error of approximately 250 yards. The cause of this was not

apparent at the time but suitable allowance w’as made by adjustment at the
ground stations. The random error, analysed by the B-D.U., showed 50 per
cent of release points to be within 210 yards of the aiming point. After the first
trials had been completed the B.D.U. reported that accuracy over Ruhr targets
would probably be in the region of ‘ ... 50 per cent of bombs within 610 yards
of the aiming point . . making allowance for possible systematic errors in
early attacks over the Ruhr.

It was considered that before the system could be used operationally further
trials would have to be carried out to determine the best technique to be used and
to facilitate the formation of a nucleus of Gee-H instructors. On the basis of

the accuracy of figures obtained from the trials it was considered that practice
bombs might be dropped blind at Stomiy Down range without interfering with
the comfort of holiday-makers at Porthcawl, about four miles away.® Bad
weather and unavoidable technical delays which beset the trials resulted in the

target date being deferred once again until 8 October 1943,® Unfortunately,
this coincided with the start of the long winter nights when the main targets

» A.M. Fite C.30474/46.»A.M, File CS. 16572.»A.M, FUe C.30474/46.

258



of Bomber Command lay deep in German territory. Furthermore, it was the
winter which heralded the Battle of Berlin and therefore there was no immediate
use for the Gee-H system on a large scale.

Meanwhile, on 8 August 1943, Headquarters Bomber Command again
recommended that, in addition to the Lancaster II squadrons being equipped
with Gee-H, the Mosquito aircraft of No. 139 (P.F.F.) Squadron should also be
equipped. It had become apparent that Oboe Mark II was unlikely to be
available before 1944, and it was again probable that Gee-H would be required
to fill the gap between the time when Oboe Mark I was effectively jammed and
the introduction into Service use of Oboe Mark II. On 1 September 1943 the
Air Staff a^eed to the installation of Gee-H in one Mosquito squadron, but as
no specific installation had been developed, it would necessarily have to be an
irnprovisation of a Lancaster installation.^ No. 139 Squadron began operational
trials on the night of 4/5 October 1943 when one aircraft was despatched to
bomb Aachen.a The Gee-H equipment was not actually used for bombing
because, owing to confusion about which frequencies were to be employed no
signals were received.'' The aircraft attacked on dead-reckoning  from a Gee
fix, and returned undamaged. A second attempt was made against Aachen
by a Gee-H Mosquito aircraft on the night of 7/8 October and good signals were
received in the target area but there was no evidence of the accuracy obtained.
A Mosquito aircraft bombed Duren successfully with Gee-H on 8/9 October,
producmg a photograph which was plotted as being 500 yards from the aiming
point. From the first night on which Gee-H was used on operations, until the
first week in November, 11 sorties were despatched altogether on nine different
occasions. On six of these technical trouble was experienced and on three the
equipment was used for blind bombing. On two of the latter occasions weather

unsuitable for mght photography, and on the other the attacking aircraft
brought back a good picture of the aiming point.

was

On the night of 3/4 November 1943, 38 Lancaster aircraft from Nos. 3 and 6
Groups were briefed to attack the Mannes-mannvohrenwerke factory on the
northern outskirts of Dusseldorf, a range of 237 miles from High Street and
Z70 miles from Grangewood, the attack being timed to coincide with one by
the rest of the main force on Dusseldorf itself. Twenty-nine Gee-H aircraft
completed the raid, and of them. 50 per cent could claim success. Fifteen had
no trouble and bombed without incident and 16 reported failures, three citing
Gee-H failures, two Gee failures, three manipulation troubles, and six possible
weakness in aircraft transmission caused by the omission of the modified
modulator.^ The ground stations reported satisfactory working and very strong
signals were reported from both the air and ground, with a complete absence of
enemy interference. Some trouble was caused at Grangewood by beam inter
ference and a few aircraft had sHght trouble with pulses from other aircraft.
The results of the operation very encouraging from the accuracy aspectwere .

> A.M. File C.30474/46.
"Bomber Command O.R.B., October and November 1943. Night Raid Reports,

thi tratnfn I" ^ ̂ 9 Squadron aircraft raised a serious problem regardingtraining of navigators, as it was impossible to carry an extra navigate or inst^Sor^n
a Mosquito. Owrig to the complex nature of Gee-H equipment it wS

'a ̂  instructor, and the addition of an Oxford to the aircraft estabUsh-
ment of the squadron was requested. The training for, and operation of, Gee-H
both more complicated than with Gee, but simpler than with H2S.
• Bomber Command O.R.B, Appendix, November 1943

were

Night Report No. 456.
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All five photographs showing detail were plotted as well as three others showing
fire tracks only ; all the plots were within one mile of the aiming point, half of
them being within a circle of radius just over half a mile. The crater plot
similarly showed very good concentration, no fewer than 11 being attributable
to H.E. bombs, and presumably to Gee-H aircraft. Damage to the factory
appeared to be rather small but the result, nevertheless, was considered to be
most promising.! The Bomber Command Operations Research Section was so

impressed by the accuracy of Gee-H bombing revealed in the operation that it
recommended that Gee-H aircraft shoirld be ordered to use the system for
bombing whenever the target was within coverage. It was also thought that
consideration should be given to use of a Gee-H force against special' targets
and suitable spoof targets, and it was recommended that the possibility of target
indicators being dropped by a selected aircraft of such a force for the benefit of
any aircraft which might have Gee-H failures should not be overlooked. At

that time the accuracy of Gee-H was considered to be far superior to that
obtained by the use of H2S or Oboe. Although a maximum range had been
obtained during training flights, it was important to find out the operational
range of Gee-H, and Headquarters Bomber Command suggested that at the
earliest opportunity a few Gee-H aircraft should be detailed to observe signal
strengths while on a raid beyond Gee-H coverage at various places and heights
tn route. So far, four Gee-H Lancaster II aircraft had been lost over enemy
territory. Assuming that the enemy found one of them in good condition, it
was estimated that the ground stations could be jammed within one month to

six weeks. It was not anticipated that jamming would affect aircraft operating
at short range, against flying-bomb sites for instance. The main technical
difficulty had been the lack of power in aircraft transmitters and this was soon
remedied,*

It was this promising start in the operational life of Gee-H which led to the
decision taken soon afterwards to strip all four Lancaster squadrons of the
installation to prevent the unnecessary loss of equipment which would give the
enemy the chance of preparing appropriate countermeasures before the new

technique could be used in force. 11 was decided to conserve all G ee-H equipment
until the trend of operations demanded its assistance and instructions were

issued that the sets were only to be carried on operations when the aircraft were

specifically detailed for Gee-H bombing.

Ground Station and Aircraft Installation Programmes

The accuracy of range determination obtained with Gee-H did not diminish
as range increased as it did with the Gee System. The accuracy of a fix obtained
with two Gee-H beacons depended on the angle subtended at the point of fix by
the beacons, known as the angle of cut. Since no phasing or co-ordination was

required between the two ground stations, the system could easily be resited
to provide Gee-H cover over any selected area, if mobile instead of fixed beacons
were used. On 9 September 1942 it had been agreed that H ground stations
were to be developed as mobile stations. The decision was confirmed on 12 March

1943 when it was stated that development of mobile ground equipment was a
matter of considerable importance.® On 2 April 1943 a proposal was made for

j A.H.B. ID4/177.

> A.H.B./IIH/222. Bomber Command Quarterly Review No. 11.

s A.M. FUe C.30474/44.
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increasing the base-line of the two experimental stations at High Street and
Grangewood by installing a third station at West Beckham or Winterton to be
used in conjimction with Grangewood. It was considered that, for that purpose,
the installation of a mobile station would be easier than that of a fixed station!
and that it could make use of the existing C.H. aerial masts at West Beckham!
It was later decided, however, that the work involved would considerably retard
progress with the Gee-H programme and that it would be better to employ the
extra effort on completing the final fixed stations.

In May 1943 it was decided that a light, mobile station, which had been
described in November 1942 by the T.R.E. as a most suitable type for close-
support operations in overseas theatres of war, and which could be used for both
Gee and Gee-H, should be developed.^ The T.R.E. claimed that Gee-H would
enable blind bombing to be carried out with an accuracy of half-a-mile or less,
and it was the purpose of the Gee-H light transportable equipment to enable'
su(A bombing to be possible when the choice of targets was governed by a
swiftly moving battle-front. The equipment could be transported by road, or
by air, or by man-handling methods, to the desired sites. With its aid, effective
attacks against airfields, troop and tank concentrations, and other tactical
targets of reasonable size would be possible in any visibility conditions. It
could be used by 25 aircraft simultaneously and could provide normal Gee
cover at the same time,®

Towards the end of 1943 Intelligence sources indicated that the enemy was
about to use new forms of pilotless weapons against Great Britain. Immediately,
the Air Staff stated an urgent requirement for increasing the cover provided
by Gee-H ground stations to include all that part of France within 160 miles of
London, from about 40 miles east along the coast from Dunkerque to the
Cherbourg pemnsula.® Two systems were suggested to extend the cover, a
light transportable Gee-H unit used in conjunction with one of the existing
fixed stations, or the use of two light transportable stations to be sited at
existing ground radar stations, preferably Gee or Oboe. The latter proposal
was chosen and two prototype light mobile stations, with reserves, were sited
at Worth Matravers and Grangewood, using a groimd-to-air frequency of
^•5 megacycles per second and air-to-ground frequency of 22-9 megacycles.
The chain became operationa] from 5 January 1944, each station having a power
output of 10 to 15 kUowatts, giving an estimated range of 240 miles for aircraft
flying at 10,000 feet.^ The chain had a handling capacity of about 25 aircraft
sinrmltaneously and with average operational conditions the accuracy in the
neighbourhood of Le Havre was expected to be better than a 50 per cent bomb
zone of plus or minus 500 yards.* In December, high priority was attached to the
bombing of the V-weapon launching sites. Since the targets were extremely
small their complete destruction called for precision bombing and. as a result,
interest in employment of the Gee-H system for small-scale operations
increased.®

was

• A,M. File C,30474/44. * T.R.E. File D.1979. * T.R.E. File D.1979,
‘ A.M. Fhe C.30474/46. These stations were numbered A.M.E.S. Nos. 113 and 114
‘T.R.E. File D.1979.

TcT. during the six months
and the attack against Dusseldorf was the only major raid onwhich the system had been used during thatperiod. (A..M, File CS.16567.)^
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In August 1943 the Commander-in-Chief, Fighter Command (shortly to
become Allied Expeditionary Air Forces) had asked for 100 sets of Gee-H with
which to equip his light-bomber force. No. 2 Group, and for two complete chains
of four light mobile stations for the sole use of that group. Sufficient equipment
to enable an immediate allocation to be made was not available. In December

the No. 2 Group requirement was confirmed ; Gee^H was to be used, by day and
by night, against targets (mainly marshalling yards, factories and V-weapon
sites in the Pas de Calais area), which called for precision bombing.^ Shortly
after the original request had been made by Headquarters Fighter Command,
General I. Eaker, U.S.A.A.F.. approached the Chief of the Air Stafi in September
1943 with the suggestion that the United States Eighth Air Force should be
included in the Gee-H installation programme.® The request was a relatively
small one for eight aircraft installations with four spare equipments ; because
the system was likely to be jammed shortly after introduction the U.S.A.A.F.
wished to take advantage of its benefits quickly, concmrently with Bomber
Command, and aircraft could be made available for  a fitting programme by
15 September 1943. The Chief of the Air Staff agreed to the release of 12
installations, which were fitted in Liberators, to be used for marking on dayUght
operations when visual bombing was impracticable. An additional six installa
tions, with test gear, for installation in Fortress aircraft, were then requested.
It was decided, however, that in view of the' widespread demand being made
for the limited number of equipments then available, the Eighth Air Force
could be supplied with only three sets until delivery of the second batch of 200
began.

Late in December 1943 the many conflicting claims for Gee-H installations
raised a serious question of priority. The 200 equipments ordered initially had
been produced and allocated, the majority to Bomber Command.® The three
Fortress installations reduced the number held by Bomber Command to 145.

Meanwhile, Headquarters Coastal Command had raised a requirement for 10
installations in photographic reconnaissance Mosquito aircraft, and a decision
had been made to install Gee-H in three squadrons of Stirlings for operations
against V-weapon targets. Delivery of the second batch of 200 equipments,
which were being obtained by modifying the last of the available A.I. Mark VI
ecjuipments, was expected to begin in March or April 1944, whilst delivery from
quantity production of 2,000 equipments was not expected before September
1944. Of the 200, three had already been promised to the U.S.A.A.F., 10 were
required for Coastal Command, and 150 were required by Headquarters Bomber
Command, whilst the Allied Expeditionary Air Forces’ requirement was for 512
installations for use in connection with Operation Overlord commitments. The
U.S.A.A.F. also wished to make more use of the Gee-H system for operations

»A.M. FUe C.30474/46.> A.M. File CS.16S63 and A.H.B./1D/4/177.

' A.H.B,/lD/4/177.
(«) Bt'jmber Command :—

Lancaster squadrons ..
Mosq\iito squadron
Spares held in reserve ..

(6) lost on operations etc.
{a) Allied Expeditionary Air Forces
(d) U.S.A.A.F.
(s) Ministry o£ Aircraft Production

80

30

48

14

20

13

6
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against the V-weapon targets, and it was obvious that all requirements could
not be met. Re-allocation was therefore essential and was finally determined as
100 for Bomber Command, 87 for the Allied Expeditionary Air Forces, 10 for
Coastal Command, and three for the U.S.A.A.F.'

Early Operational Use
The installation of Gee-H in 20 Mitchell aircraft of No. 2 Group had been

completed, and the allocation of more equipment to the group was to be
confirmed or cancelled after experience had been gained from operational trials
during February and March 1944. A.E.A.F, started operations with Gee-H
on 18 April 1944, and between that date and 3 May 1944 No. 226 Squadron of
No. 2 Group carried out nine attacks, using the Southern Gee-H Chain, against
V-weapon targets and Serqueux marshalling yards.^ Ranges from Worth
Matravers and Grangewood to the former were about 140 and 60 miles with
an angle of cut of 56 degrees, and to the latter, about 150 and 60 miles with
an angle of cut of 43 degrees. The operations were carried out in box formation,
tire leading aircraft being fitted with Gee-H operated by the same very
experienced observer on all occasions except one. The release technique __
planned to produce the maximum possible concentration, and to enable the

bursts of the bombs dropped by the leading aircraft to be distinguished
since the operations miglit be carried out above cloud. The leader
jettisoned his bombs at the release point while the other bomb-aimers rele.ased
their bombs in the shortest possible stick-spacing on seeing the bombs leave
the aircraft. Excellent strike photographs were obtained, many pictures
providing crater plots of preceding attacks. Jettisoning was abandoned after
the operations of 18, 19, and 20 April since the trajectory of 500-poimd MC
bombs in jettison was not reliable : on one occasion the bomb-aimer of an
adjacent aircraft reported that the bombs were seen to be jostling. An
analysis of the attacks sliowed the average bombing pattern to be
measuring 450 by 190 yards, with the aiming point in the centre, which was
con.sistent with the accuracy achieved by individual aircraft of No. 3 Group
during the same period.®

was

craters or

an area

T^e United States Eighth .Air Force started Gee-H operations in strength
on 28 January 1944, and 17 Gee-H operations were carried out between that
date and 10 .April 1944, all against tactical targets in north-west Europe,
including marshalling yards, factories, and V-weapon sites in the Pas de Calais
area. Six of the raids were believed to be representative and the re,sults of ’
them were analysed. An average pattern bombing error of 620 yards under
shoot was revealed. The results showed that for targets of appropriate size,
effective results could be obtained when Gee-H was used to determine the
bomb-rele^e point. The data did not imply that the accuracy of a Gee-H
aiming point approached that of a visual bomb-sighting, but did support the
doctrine that with a large formation bomb-pattern it was not possible to take
full advantage of the accuracy of a visual bomb-sight.* If 500-yard accuracy

> /V.M. File CS.I6S67. ~ »A.M. FUe CS. 16572.
nf ‘ operaUoas had been started, the programme
of G^-H traming had been intensified, it was found that Gee-H cover over tlie No. I Grouo

“"satisfactory because signals from Grangewood faded
It wM impracticable, because of the distances involved, for aircraft of No
me Bomber Command training area, so a light Type 100 unit %vas
HiUs to work in conjunction with Worth Matravers, and
‘A.M. File C. 17209/44.

2 Group to use
ed to the Malvern

was made ready by 1 April 1944.

263



could be achieved with Gee-H it should be possible to plan on the expectation
of a group borab-fall pattern of about 1,000 yards diameter, with almost
maximum effectiveness, and it could be expected that results would continue

to compare favourably with visual bombing when formations of 12 aircraft

were employed. The limitation of the accuracy of Gee-H to about 500 yards
became serious when small targets were to be attacked by squadrons or smaller
units. It was therefore recommended that when planning the future use of

Gee-H, particular care should be taken to find targets suitable for attack by
groups of 12 to 18 aircraft. Visual bomb-aiming was to be used against targets
suitable for attack by smaller formations.

When installation of Gee-H had been completed in  a Stirling squadron
Headquarters Bomber Command still felt doubtful about using the system
against V-weapon targets as it was considered that there was insufficient
evidence to show that it would be effective for operations on which extreme

accuracy was needed. Accordingly, four experimental Gee-H operations were
mounted in April 1944, the first to be carried out by Bomber Command since
the raid against Dusseldorf,^ Destruction of the target was not the primary
object of the operations ; they were regarded as full-scale range and calibration
tests, and aircraft therefore attacked independently. The first was carried

out by 14 aircraft against Chambly, a marshalling yard near Paris, on the night
of 20/21 April. During this trial the Southern Gee-H Chain was used for the

first time by Bomber Command; Grangewood, 139 miles from the target,
acting as the tracking station, and Worth Matravers, 217 miles from the target,
as the releasing station. Only four aircraft attacked successfully as general
difficulty was experienced in receiving signals from the low-powered mobile
ground station in use at Worth Matravers, and, whilst an analysis of results
seemed to show that the tracking was satisfactory, there appeared to be an
error of approximately 800 yards undershoot at the release point. This
undershoot was hardly significant in one operation but, taken together with
similar undershoots observed by aircraft of No. 2 Group when Worth Matravers

was used, it appeared that there might be a systematic error at the beacon,
.■Action was therefore taken to reduce the beacon delay until a fuller investi
gation could be made.

The second operation was carried out on 23/24 April 1944 by 12 aircraft
against a signals depot at Vilvorde, near Brussels. The Eastern Gee-H Chain
was used, Grangewood 166 mil^, and High Street 156 miles from the target.
Although the target was not actually hit, the grouping of the sticks was very
satisfactory. Accuracy of release was particularly good, but there appeared to
have been a tracking error to starboard, averaging about 300 yards, which
was considered to be due to errors of heading at release. The radius of the
50 per cent circle was about 550 yards. The third and fourth operations were
carried out against Chambly, on 24/25 and 26/27 April. The third raid once
again demonstrated the inadequacy of a mobile ground station at ranges over
200 miles, but it was found that the alteration of the phasing at the ground
station had eliminated the systematic error. The difficulty with the signal
from Worth Matravers was overcome to some extent by reducing the limiter
level at the beacon and improving the aircraft transmissions, and the results
seemed to indicate that a cure might have been effected. The following raid,

* Bomber Command O.R.S. Report No. S.152,
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in which 10 aircraft took part, showed that this was not the case however,
since no signals from Worth Matravers were obtained, and after investigations
had been made by the T.R.E, and Operations Research Section in conjunction
with No. 218 Squadron and No. 84 Wing, it was decided to alter the air-to-
ground frequency from 22*90 to 29-70 megacycles per second,
aircraft used on the. trials only one had an equipment breakdown, all the other
failures being connected with poor range from Worth Matravers.
represented an equipment serviceability figure of 97-5 per cent.

Use in Operations Neptnne and Overlord

Late in 1943 preparations were started for the extensive use of radar
naviption and precision bombing systems before, during, and after the Allied
landings in Normandy. Gee-H was to play a small but nevertheless important
part. First of all it was necessary to strengthen the Gee-H facilities in the
Umted Kingdom, mainly for use by Bomber Command. On 28 February
1944, Headquarters No. 60 Group took over the Southern CTee-H Chain, the
T.R.E. retaining full responsibility for carrying out trials and for making any
necessary modifications.» The accuracy tests made by the Bomber Develop
ment Unit had shown up the poor performance of the low-powered light
Type 100 Units of the original chain in comparison with the fixed stations.®
The maximum range from Worth Matravers had been 120 miles. The
unsatisfactory results led to the substitution of heavy mobile stations, which
consisted of normal fixed Gee-H equipment, with greater power supplies
housed in vehicles.

At first the Southern Chain was operated on a different frequency from that
of the Eastern Chain to avoid interference, but the Director of Radar decided
to fuse the two chains to form a trio of stations operating on the same
frequency in order to obtain the best cover from the limited equipment
available.* This rearrangement of the functions of each station was a source
of contention between the T.R.E. and the Air Ministry, but its main advantage
was that it was not necessary to retune aircraft transmitters when passing
from the area of the Eastern Chain coverage to that of the Southern Chain.
Grangewood II was dispensed with and Worth Matravers joined the
Eastern Chain stations on a frequency of 59-5 megacycles per second
ground-to-air. and 22-9 megacycles per second for air-to-ground,  with the
result that slightly improved cover was given in the Pas de Calais area,* With
the combined system a Gee-H operator was able to use any two of the three
beacons, distinguishable by suitable coding. On 28 April 1944 it was decided
to establish two heavy mobile Type 100 stations within No. 60 Group for
possible use overseas. The reserve equipment was removed from High Street,
converted to a heavy mobile station, and numbered A.M.E.S. No. 115. The
heavy mobile station at Grangewood was removed and made up to overseas
scale, becoming A.M.E.S. No. 116. This unit was held at R.A.F, Cardington,
but A.M.E.S. No. 115 was sent to the Lizard and became operational
24 May 1944 at Kilter, working on the same frequency as the other three
stations.* This fourth station was added to improve the Gee-H coverage

Of the 40

This

two

for

on

»T.R.E. File 11.2065.

* AJH.B./IIE/ieO. Air Signals Report on Operation Neptune.
‘ T.R.E. FUe D,2065.

* A.M. File CS.16S72. •T.R.E. File D.2065.
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over the Brest peninsula. In the event of the limited number of Gee-H
stations becoming swamped by too many demands, special phasing for particular
targets was arranged by Headquarters No, 84 Wing. This system was put into
practice by 17 May 1944 and was operated at the request of the command

concerned, but No. 84 Wing treated requests for phasing according to a strict
priority list which varied by day and night.^

During the assault phase prior to the Normandy landings, Stirling aircraft
of No. 3 Group, using Gee-H, made several precision attacks against tactical
targets in France and Belgium. The most notable of these wats a rsud against
Chambly on 1/2 May. in which the main force of aircraft bombed on Oboe

markers, but twelve aircraft of No. 218 Squadron used Gee-H for blind bombing
independently of the markers. .A.n an^ysis of the results showed that the
bombs of seven aircraft fell <within 300 yards of the aiming point, of three
within 600 yards, and of two within 2.550 yards. One of the aircraft with the

large error had swerved to avoid collision just before the release point. Bomber
Command aircraft also made effective use of Gee-H in a minelaying role, off
the north French coast and as far round as the Frisian Islands and the Baltic

Sea, The United States Eighth Air Force confined its operations with Gee-H
to daylight bombing of tactical targets, keeping to the technique of using
leader aircraft to guide formations of about 18 Liberators or Fortresses.® In

the first fortnight of June 1944 100 Gee-H sorties were flown against 49 targets,
with excellent results.

It was a prime requisite of medium-bomber operations that they should not
be governed by weather conditions over the target area by day, and that the
effectiveness of attacks against precision targets at night should not be
jeopardised by bad visibility.® The policy had been, therefore, to equip all
aircraft of No. 2 Group with Gee-H eqiupment. but because the number of

equipments available was limited only 30 Mitchell and 36 Mosquito aircraft
were fitted by D-Day ; the remainder were fitted with Gee. No. 2 Group carried
out 71 Gee-H sorties between 28 April and 4 June 1944.® Twenty-three were
abortive and it was possible to isolate the bomb-fall of 28 of the remainder.

The centres of pattern of the 13 sorties carried out before the night of 26/27
May had a significant systematic undershoot of 283 yards and 50 per cent
of the bombs fell within 420 yards of the target. If this systematic error had
been removed, the 50 per cent zone would have become 270 yards, thus more
than doubling the efficiency of the equipment. On the 15 sorties carried out
after 26/27 May, 50 per cent of the bombs fell within 560 yards of the target.
The decrease in accuracy was thought to be due to three factors; the use of a
release point instead of a warning point, the use of non-zero second decimal
co-ordinates, and the inexperience of No. 2 Group in operational night-flying
at the altitudes necessary for Gee-H.

* A,H.B,/1IE/160. The priority list was as follows :—

By Day
A.E.A.F.
U.S. 8th A.F,
Bomber Command

Coastal Command

First priority
Second priority ..
Third priority
Fourth priority ..

By NighI
a.e,a.f.
Bomber Command
U.S. 8th A.F.
Coastal Command

» A.M. FUe CS.16572.

* A.E.A.F. O.R.S. Report No. 21.

> A.H.B./UE,/I60, Section II.
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It was considered by the O.R.S. of the Allied Expeditionary Air Forces
that accinracy would be improved if three conditions were fulfilled ; allowances
made for the systematic error, zero second decimal warning points used, and a
Mouse for measuring ground speed over the target used. Headquarters Bomber
Command and the United States Eighth Air Force agreed, and a Mouse, the
computor Type 56, was produced by the T.R.EA Results of trials with the
Mouse in August 1944 showed a substantial improvement, a reduction in the
standard deviation along the track from 255 to 190 yards being effected, but
they also showed room for further improvement, and trials were continued.
In the meanwhile it was recommended that the equipment should be introduced'
into the Service as soon as possible. It was better and easier to handle than the
warning point method. Wind-speed and direction errors, and airspeed
indicator errors, were eliminated, and in their place only errors of measuring
groundspeed by Gee-H were found.* The device was not produced in any large
quantity by the end of the war, but a second Mouse, the computor I'ype 59
produced by the T.R.E., was installed in aircraft of No. 218 Squadron bv
February 1945.® ^

On D-Day. six aircraft of No. 3 Group equipped with Gee-H took part in a
diversionary operation known as ' Glimmer The aircraft flew in orbits
across the English Channel towards the French coast at the same time releasing
' Window ' to simulate a large convoy approaching France at a regular speed of
10 knots. The operation was similar to ' Operation Taxable ’ but as the target
was Boulogne, Gee cover in the area was inadequate for the high degree of
accuracy required. Precise positioning was essential throughout, and that this
was provided by Gee-H was proved by the success of the operation, which
caused a large number of enemy E-boats to be diverted against a wholly
fictitious convoy. From D-Day until the end of August 1944, Bomber Command
and the Eighth Air Force continued to use Gee-H against tactical targets justahead of the Allied armies. Their chief aim was to disorganise the enemy supply
lines, thus preventing speedy moves of reinforcements. At that time the
enemy had also launched the VI and V2 weapons, and considerable effort was
expended by all the Allied air forces on bombing the launching sites. Despite
the comparatively small number of aircraft fitted with Gee-H. the system
played its part in the success of the operations,®

No, 2 Group started night as well as day-bombing after D-Day. It had been
originally intended to use both Mitchell and Mosquito aircraft for Gee-k
operations, but up to 30 July only Mitchell aircraft were used while the

^ A.E.A.F. O.R.S, Report No. 25. The autonlatic computor Type 56 was an electrical
“^^asunng the rime ̂ en to fly between two points  a predetermined distance

thrborabs*^°*”^“^°'^ established the groundspeed of the aircraft and automatically released
‘ Bomber Command O.R.S. Report No. S.156.
» Bomber Command O.R.S. Report No. S.203. The computor Type 59 was composed oftwo modified Type 35 No. 20 camera controls. °

* A.H.B.^IE/160. Air Signals Report on Operation Neptune. A foil description of
^umer'^M^urS*’^ Signals History. Volume VII ; ‘ Radio
‘ A.M. File CS.16S72. .Approximate figures were t

Bomber Command
2nd T.A.F.

Eighth Air Force

100 aircraft
100 aircraft
39 aircraft
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Mosquitos were employed for low-level harassing attauiks at night.^ Because
of the type of target allotted to No, 2 Group, Gee-H operations were divided
into two categories; daylight formation raids led by Mitchells equipped with
Gee-H, and individual night attacks by Mitchells in which target indicators or
bombs were dropped. The first proved to be a most successful technique.
Three ' boxes,’ each of 18 aircraft, were normally employed, each box being
led by a Gee-H aircraft. The whole operation was specially planned and the
formations tracked in to the target on a Gee-H tracing co-ordinate. When

cloud obscured the target each box released bombs on Gee-H indications, but
if a break in cloud appeared at the right moment, leading bomb-aimers took

over for visual aiming as soon as the target appeared in their sights. Generally
speaking, both th^ Gee-H operator and the bomb-aimer found that their
release points coincided. On one occasion, when clouds were patchy and
one box bombed with a visual sighting and the remainder with Gee-H.
it was the visual releases which were wide of the mark. The second category
of operations consisted of target-marking sorties to help Mitchells and
Bostons not equipped with Gee-H to locate targets, and straightforward
bombing attacks in bad weather when the latter aircraft could not operate.
Targets were mainly troop concentrations and de-training points. From
D-Day until D plus 24, 774 sorties were flown in 22 effective operations,
13 of which were in the first category and the remainder in the second.
Unfortunately results of the majority of attacks could not be assessed because

photographic cover was unobtainable. One which had an important bearing
on the battle for Caen was made on 10 June. Ground forces had achieved only
slow and limited progress because of bad weather, delayed buUd-up of strength,
and strong reaction by German armoured units in the Caen area, in which the
enemy had substantial elements of three divisions in addition to con

siderable infantry, artillery, and anti-aircraft forces. It was known that the
Germans were preparing a counter-attack, and there was some danger that
they might be able to reach the sea and divide the Allied beachhead. In order

that such preparations might be disorganised, bombing attacks against the
headquarters of Panser forces were arranged. 60 Mitchells bombed Head

quarters Panzer Group West from 12,000 feet with great success, and put it out
of action, until 28 June. The main buildings were not badly damaged but the
orchard in which vehicles were parked was saturated with direct hits and

everything nearby was destroyed, whilst the Chief of Staff and several of his
senior officers were killed.

Deployment of Ground Stations on the Continent
To meet the requirements of Bomber Command. 2nd T.A.F,, the United

States Eighth Air Force, and Transport Command, the heavy mobile Gee-H
units were sent to Normandy as soon as the liberating forces had been established
on the Continent.® The first Gee-H station, which it was planned to site near
Cherbourg, was to have been sent on D plus 45 but shipping difficulties prevented
A.M.E.S. No. 116 from landing in France until August. It became operational
at Anneville-en-Saire by the end of the month, working with the United

Kingdom Gee-H chains. The fourth station at Kilter was then closed down

1 A.H.B,/IIE/160, Section VI.
’ A.H.B./nE/l59, Section XXIIl. No. 38 Group, Transport Command, used Gee-H

on a relatively small scale for troop-carrying and supply-dropping operations.
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and A,M.E.S. No. 115 was sent to France.^ As the Allies gained ground more
speedily than had been visualised, great Hexibility was needed in the siting
programme of Gee-H convoys. By 4 August 1944 the Air Ministry had com
pleted plans for deploying stations on the Continent up to D plus 330.® The
plans visualised a total of three stations to be installed in France, but that
number had been estimated for the steadily advancing front predicted in the
overall Operation Overlord plan, and three stations were not sufficient during the
rapid advance. Consequently three more heavy mobile stations were formed.

At the beginning of September 1944 precision-bombing cover was required
over Stuttgart to the north of the Ruhr. On 7 September two siting parties
left Headquarters No. 72 Wing to site A.M.E.S. No. 116 in the region of
Florennes, in southern Belgium, to give the required cover.* On 13 September
two light transportable units, A,M.E.S. Nos. 103 and 107, were deployed as
reserves to the heavy units and a week later A.M.E,S, No. 103 was moved up
to a site at Steendorp to extend H cover already given by the heavier stations.
As soon as A.M.E.S. No. 116 had been established and was operating
satisfactorily the heavy mobile station at Worth Matravers was withdrawn
and made up to overseas scale to become A.M.E.S. No. 114, leaving only two
operational stations in the United Kingdom, High Street and Grangewood I.
By the end of September 1944 A.M.E.S. Nos. US and 116 were .sited and
A.M.E.S, No. 114 became operational on 17 October 1944 at Laroche.* To
keep up with the fast-moving battle-front, units had to be moved forward
very rapidly and at short notice. The move of A.M.E.S. No. 115 from Florennes
to Bockel at the beginning of November was an outstanding feat of persistence
and determination to set up a station with the minimum of delay.®
In October 1944 Headquarters VIII Bomber Command, United States

Eighth Air Force, reported that poor results were being obtained from A.M.E.S.
No. 103, the light transportable station in Belgium. The unit was later
supplemented by a heavy mobile station which came into operation on 30
October, and its additional power increased the extent of effective cover. At
the same time the provision of additional aircraft sets was also required but there
was not sufficient to fulfil the need, as there had been no production for some
months.® Production was due to start in November at a rate of 20 per week
but the. output would have to be divided between Bomber Command, 2nd
T.A.F. and the Eighth Air Force, each of which would get roughly one-third
of the equipments as they became available. Although there were then four
Gee-H units sited on the Continent and two operating at home, the percentage
of fitted aircraft in Bomber Command was insufficient to enable individual
bombing sorties to be carried out.’ therefore Bomber Command Gee-H crews
were trained to undertake marking duties for night attacks and to act as forma
tion leaders for daylight raids, thus adopting the tactics already used by 2nd
T.A.F. and the Eighth Air Force.

‘ No. 72 Wing O.R.B., August 1944.
* No. 72 Wing O.R.B., October 1944.
• Sites were :—

A.M.E.S. No. 115 ; Florennea.
A.M.E.S. No. 116 : Commercy.
A.M.E.S. No. 103 : St. Nicholas.

* A.M. File CS. 16572. • A.M

e A.H.B./IIE/159. Section XXIII.

. File CS.I6572. » A.H.B./nH/222.
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Initially the Gee-H force of Bomber Command were employed mainly as
bomb-aimers for daylight formation raids, and between October and November
1944 the force started its long list' of successful attacks against a variety of
objectives, including synthetic oil and benzol plants, marshalling yards, and
certain tactical targets. In the first three weeks alone, nine daylight and two
night attacks were made against targets in the Ruhr and Rhineland, and of the
daylight attacks seven were carried out in completely overcast conditions.
Amongst the first successes were some which ranked high in the list of the out
standingly successful attacks by Bomber Command: Bonn, Leverkusen,
Bottrop, Solingen and, in particular, Koblenz, where 120 aircraft in formations
of three, each led by a Gee-H aircraft, completely devastated approximately
250 acres of the built-up area attacked, or over two acres per aircraft.^ On
18 October 1944, when Bonn was attacked, the releasing station experienced
technical trouble which was not cleared until just two minutes before the zero-

hour, with the result that while virtually the entire force tracked on Gee-H,

only 50 per cent bombed blind, the remaining aircraft using the bombsight
for release. The raid against Leverkusen was an early Gee-H attack through
ten-tenths cloud in daylight. The damage was a little off-centre, mainly
towards the south, but this was actually the first time that the target had been
effectively hit. The results achieved by Gee-H aircraft in the early operations
were highly satisfactory, the average error of 275 yards being about the same,
as that obtained during training exercises. In December 1944 the force continued
to add to its successes and, despite weather conditions which hampered other
bomber operations, it was able to maintain continuity of effort in one of the
worst months of the yeir by operating on 15 days of the month.* Three attacks

were in close support of the Army, during Rundstedt's breakthrough in the
Ardennes, the first being undertaken in response to an urgent call for tactical
support to which other air forces in the theatre were unable to respond because
of the prevailing weather conditions. On this occasion an attack was made

against Trier, when the target area was entirely fog-covered. The success of
the attack in the conditions under which it was made drew the personal
congratulations and gratitude of the Supreme Commander of the Allied

Expeditionary Force.

The enemy’s sudden counter-attack endangered the Gee-H unit at Laroche,
A.M.E.S. No. 114, and although it was vitally important that the station

should remain operational for as long as possible, it was also imperative that
the equipment should not fall into the hands of the Germans.® By 16 December
1944 enemy activity east of Laroche had increased considerably and on 18
December the area was evacuated. A.M.E.S. No. 114, the Gee, and the Oboe

stations, were instructed to go to Florennes and by the evening the Gee-H
units had arrived intact despite bad weather and other unfavourable conditions.

Some time elapsed before satisfactory cover was completed because of the need
for deciding where replacement units should be located. The surprising depth
of enemy penetration seemed likely to affect even the Florennes area, and
reserve sites were selected at Elincourt against such a possibility. By 30
December 1944 A.M.E.S. Nos. 108 and 120 were deployed there as reserves.

Gee-H cover was finally re-established with A.M.E.S. No. 114 operating at

‘ A.M. FUe 16572. Sge Tables Kos. 8 and 9.

» A.H,B./nH/222. Sge also Appendix No, 7.
•No. 72 Wing O.R.B.. January 1945.
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Florenncs by 23 December 1944 and A.M.E.S. No, 117 undergoing tests at the
same time at MolsheimA By the end of 1944 all six heavy mobile units were on
the Continent in addition to 27 light mobile units which could be used for
either Gee or Gee-H. When used for the latter they were saturated vvith
20 interrogating aircraft as compared with 80 for the heavy Gee-H station.

1945 began with threats of a further evacuation of technical um’ts.® The
Molsheim area was endangered by the enemy thrust beyond Strasbourg, and
A.M.E.S. Nos. 117 and 102 were affected. On 4 January 1945 S.H.A.E.F,
directed that all units at Molsheira were to be evacuated, and the heavy and
light Gee-H units were ordered to Commercy, where they arrived late
5 January. On the afternoon of 6 January S.H.A.E.F.‘ decided that a light
Gee-H unit could return to Molsheim, and accordingly A.M.E.S. No, 102
instructed to go back to its old site, A.M.E,S. No. 117 was sent to a site near
Baccarat to await further clearance of the Molsheim site. The heavier type
of Gee-H mobile station was difficult to move over the very muddy and badly
cut-up terrain. Similarly, although the Laroche area was by that time clear
of the enemy, it was not possible to re-occupy it immediately because of the
possibility of tnemy mines. The first unit to return was A.M.E.S. No. 120, a
light mobile lype 100, which was to function in an H capacity until released
by the arrival of A.M.E.S. No. 114. Even the movement of the lighter equip
ment was retarded by hours because of the exceptionally difficult road conditions.
When A.M.E.S. No. 120 became operational it did not give satisfactory service
and A.M.E.S. No. 114 was finally brought up to the site on 8 February as a
replacement. By the end of the month the last of the heavy equipments was
in operation and the static condition of the front allowed the continued
operation of the more efficient units.® Improvements were made to Gee-H
coverage during the period of comparative stability which lasted until the
beginning of March 1945. Then pressure against the enemy was renewed and
preliminary preparations were made to launch an offensive to finish the
No., 72 Wing played its part in providing essential support to this plan, and
when extended cover was requested units were moved forward to meet the
demands. Aircraft of No. 3 Group equipped with Gee-H made a ma)or
contrilsution during March to the successful Bomber Command offensive,
inflicting severe damage on most of the targets attacked.* Raids against
marshalling yards at Wanne-Eickel and an oil refinery at Salzbaerger were
particularly successful, and an attack on Wesel helped to pave the way

on

was

war.

‘ By the end of December Gee-H units were deployed as follow!!:
A.M.E.S, Nos. 103 and 107 ; St. Nicholas.
A.M.E.S. Nos. 114 and lOS ! Florennes.
A.M.E.S. No. ns : Bockel.

A.M.E.S. No, 116 : CpKimercy.
A.M.E,S. No. 117 t Molsheim.

V- A.M.E.S. Nos. 108 and 120; Elincourt.

‘No. 72 Wing O.R.B., January 1945.

• These stations were deployed as follows ;—
A.M.E.S. No. 114 : Laroche.
A.M.E.S. No. 115 ; Bockel.
A.M.E.S. No, 116 : Comraercy.
A.M.E.S. No. 117: St Avoid,
A.M.E.S. No. 118 : St Nicholas.
A.M.E.S. No. 119 : Croix.

‘ A.M. FUe CS. 16572.
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for one of the Rhine crossings in the Allied assault. No satisfactory
explanation had, however, yet been found for the systematic error which

frequently arose in Gee-H operations, which caused the bombing to under
shoot or overshoot. In many instances good concentration had been achieved

ovex the target, but the bombs had fallen up to 1,000 yards wide of their mark.

With the final rapid advance of the Allied armies during April 1945 the few
strategic targets available for bombing were outside Gee-H range and as a
result operations using the equipment were held up pending the forward
movement of the ground stations. In the six weeks immediately before the

capitulation, the six heavy Gee-H units made 11 moves. Each unit moved
twice, except A.M.E.S. No. 119, their non-operational time varying from a
few hours to eight days according to the distance and conditions of the move.

Limitations of Gee-H in Tactical Air Force Operations

Both Bomber Command and the United States Eighth Air Force had found

Gec-H satisfactory for blind-bombing operations apart from the delays in
obtciining sufficient aircraft equipment and the systematic errors which remained
to the end of hostilities. It seemed to meet with less success in a tactical air

force. The No. 2 Group requirement for a navigation system had been met
with Gee. but the requirement for a blind-bombing system was more difficult

to fulfil.* The targets were smaller than those of Bomber Command and

therefore a system giving the highest possible degree of accuracy was essential.
Oboe was considered but was unacceptable because of the need for complicated
communications and it was therefore decided to use Gee-H. There were two

reasons why the plan was not fully implemented: the shortage of aircraft
equipment and the impracticability of fitting it in Boston medium-bomber
aircraft. By D-Day nearly all Mitchell and Mosquito aircraft of No*. 2 Group
were modified for Ge^-H installation but the shortage of equipment resulted
in fitting being partly carried out during the campaign, whilst operations were
in progress. Consequently it was not until September 1944 that adequate
numbers were available throughout the group. The difficulty was overcome,

however, by using box-formations consisting of six aircraft with a Gee-H
leader. The number of qualified Gee-H air operators was so small that their
operational tours would normally have been completed before others could be
fully trained to replace them. Headquarters No. 2 Group foresaw this
difficulty and made special arrangements for operators trained in Gee-H to
form a reserve pool. The wisdom of this move became evident when opera
tions were stepped up in February and March 1945.

Since Gee-H was also used by Bomber Command and the Eighth Air Force,
the control of ground stations on the Continent was at first given to Head
quarters No. 72 Wing of No. 60 Group, and Headquarters 2nd T.A.F. was
responsible only for their administration.* Their moves and siting were
co-ordinated under the direct control of the Air Ministry, and Headquarters
2hd T.A.F. had no control although it had the overriding right to veto a
proposed move if the military situation made such  a step necessary. Then it
was decided to give Headquarters No. 2 Group four light mobile stations to

* A.H.B./1IS/88/2. Radar ia 2ad TacUcal Air Force.
« A.H.B./1IE/1S9. Section XXXIII.
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have under its direct control. Headquarters No. 60 Group, however, under
Air Ministry authority, produced a plan for the extension of Gee-H cover
during the continental campaign and this appeared to be so complete that it
seemed unnecessary for 2nd T.A.F, to retain four Separate beacons. The
units were therefore handed over to No. 60 Group on the understanding that
they could be recalled if the need arose.

In the event, the Allied advance was so rapid that no preconceived scheme
was capable of being implemented and Gee-H cover was inadequate to meet
the demands of No. 2 Group. Consequently, on 3 September 1944, Head
quarters 2nd T.A.F. requested that four light mobile stations should be
assigned directly under its operational control.^ Three light Type 100 units

recalled from No. 72 Wing, two of which were deployed solely for the
use of the 2nd Tactical Air Force by the middle of November 1944. A month
later they were joined by a third unit. Towards the end of the campaign
No. 72 Wing had very largely overcome the difficulties of moving the mobile
units, and as a result a better standard of cover was maintained in most areas.
The light units were then used to M the gaps in the area over which aircraft
of No. 2 Group operated and which were not filled by the general Gee-H chains.
The 2nd T,A.F. unit at Bladel was redeployed at Tilburg on 6 February 1945.
The three units then remained static until six weeks before the final defeat of
the enemy on the Continent. By 30 March they had moved forward, and on
28 April 1945, Headquarters 2nd T.A.F. requested that A.M.E.S. No. 110 be
transferred to No. 72 Wing at a site at Nijverdal so that it could work with
A.M.E.S. No. 118 at Papenburg to give cover over the Dutch islands.

were

The technical performance of Gee-H equipment was good and serviceability
was very satisfactory. At one stage 89 per cent of all No. 2 Group missions,
including close support, were briefed to use the system. In many cases it was
possible to release bombs on visual sightings but in a high proportion the run-up
was carried out on Gee-H. It could therefore be said that Gee-H was the factor
which originally enabled medium-bombers to take part in close-support
operations in conditions of bad visibility. As throughout the campaign in
Europe the weather was far from ideal, the contribution of Gee-H to the
of No. 2 Group operations was material.

success

To sura up, the system performed a useful function in 2nd T.A.F.
accurate enough for attacks carried out against area targets, but effective
attacks ag^nst bridges and other similar small targets were generally beyond
its capabilities as a blind-bombing system, although such targets had been
attacked on occasion with success. Its disadvantages could be collectively
described as lack of flexibility. Since flexibility was of first importance to
a tactical air force, it had to be admitted that useful as it was, Gee-H was not
the ideal blind-bombing system for such a force. The delays in obtaining cover
compared very unfavourably with the speed with which Rebecca-H cover was
obtained as a result of the beacons being directly under 2nd T.A.F. control
and it was clearly nec^sary that a tactical air force should have its own Gee-H
units. In addition, it was found that the

J^.H.B./VD/iq4. Report on Air and Administration Organisation in 2nd T A F
These stations were sited at ’

A.M.E.S. No. 109 ; Heevlen.
A.M.E.S. No. 110 : Boom.
A.M.E.S. No. 121 : Bladel.

It was

of Gee-H by light-bomberuse
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equipments in July 1944 when plans for extojding the-Gee-H programme were
made.' There were considerable delays in the production of Gee-H Mark II,
however, because certain parts were not available, and an estimate was given
for a weekly production of only about 20 sets by March 1945. In September
1944 it was decided at a meeting held by the Controller of Communications that
the first 200 Gee-H Mark II equipments should be produced on a crash

programme at the earliest opportunity, and they were expected to be ready
for installation in aircraft between February and May 1945. In fact, replace
ment of Gee-H Mark I by Mark 11 began in April, but at a very slow rate.*
Although Gee-H was proving successful it was still considered possible in
December 1944 that the enemy might begin jamming it and in all probability
the ground-to-air link would Im the most seriously affected. The Directorate

of Communications Development was therefore ̂ ed to develop a 10-centi
metre ground-to-air link on high priority. This was to be considered as an
immediate interim requirement and it was still necessary to proceed with the
development of a centimetre Gee-H system as a long-term project.. Develop
ment work was started, using, where pcKsible, sets already developed and
introducing modifications as required. Six ground stations and 20 aircraft

equipments were to be modified for use immediately jammii^ became serious,
and the first equipments were to be ready in two to three months' time. At

the end of hostilities in Europe no development work had been completed on
Gee-H Mark III and no production orders had been placed.

Disbandment of Stations in the United Kingdom
Until the units were established on the Continent the home-based quartet of

stations was used for Gee-H operations. As the units were deployed overseas,
and better cover was given in forward areas, so eqmpment was withdrawn from
England. Kilter was the first home station to be closed, followed shortly by
the heavy mobile station at Worth Matravcrs, leaving High Street and Grange-
wood I operating in the United Kingdom. As the Allied offensive moved
eastward, the units on the Continent were able to follow to give the required
cover in forward areas, and by the middle of November 1944 all available

targets were out of range of the High Street and Grangewood pair. They were
therefore relegated to training uses by Bomber Command.® In order to provide
a single training channel which would satisfy all risers and also to release
equipment for a further two heavy mobile stations for the Continent, it was
decided to resite the two light mobile units at Worth Matravers and on the

Malvern Hills then being used by No, 2 Group for training. The units were
moved to Sywell in Northampton and Biggin HUl in Kent, becoming operational
by the middle of November 1944,* When this channel was operating satis
factorily, equipment was withdrawn from High Street and Grangewood I on
8 December 1944 and used to form two heavy mobile units, A.M.E.S. Nos. 118
and 119, for shipment to the Continent. The stations recently resited at Sywell
and Biggin Hill had been run in the past oij an experimental basis and had been
manned by scratch crews. In view of the considerable increase in the demands

being made upon them by Bomber Command, the Eighth Air Force, and
2nd T.A.F,, it was decided to plan the stations on an official basis, under the
control of Heauiquarters No, 60 Group, and they were then known as A.M.E.S.
Nos. 137 and 138.

‘ T.R.E. File D.1070.

‘A.M. File C. 17209/44.

»A.M. File CS. 16567. » A.M. FUe C.30474/46.
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In February 1945 reports were received that the stations were giving
un^tisfactory results in some of the training areas, and they were therefore
resited once again. The sites chosen were the C.H. stations at Stoke Holy
Cross and Canewdon, and two new light 100 units. A,M.E.S. Nos. 134 and
133, were installed. Syweil and Biggin Hill remained operational until the two
new sites had been tested and found satisfactory, and the original units, A.M.E.S.
Nos. 137 and 138, were then moved to the new sites, becoming operational on
1 April 1945, with A.M.E.S. Nos, 134 and 133 as standbys. They had not been
operational for long before they were criticised for the lack of handling capacity,
reduced range, and accuracy, compared with the heavier units. On 12 April
1945, Headquarters No. 60 Group asked if they could be replaced by production
equipment, but as all available supplies were absorbed at the time by operational
commitments, the situation was not improved until after the war had ended,
and the stations were replaced in October 1945 by heavy mobile units, A.M.E.s!
Nos. 116 and 117, which were withdrawn from the Continent. At the
time the remaining four heavy mobile units were disbanded.®

same

Operational Requirement for Rebecca-H

In the spring of 1943 informal discussions were held between the Telecom
munications Research Establishment and Headquarters Army Co-operation
Command on the possibility of developing an accurate fixing system for other
than single-seater photographic reconnaissance aircraft of No. 34 Wing to make
possible the taking of effective night flash-bomb photographs behind the enemy
lines. Night reconnaissance was very important for ground forces because
Allied air superiority during the hours of daylight was such that the enemy was
forced to make his tactical dispositions by night. It was seldom possible for a
pilot flying by night to know his location accurately enough for photographs
to be taken without preliminary map-reading by the light of flares. This gave
the enemy warning that reconnaissance was in progress and assisted his fighter
and gun defences to engage reconnaissance aircraft. An additional disadvantage
lay in the fact that only a strictly limited number of flares and flash bombs could
be carried.^ A fully mobile system was needed so that ground stations could be
sited as near as possible to the front line and as wide a coverage as possible
afforded of the country behind the enemy lines. The degree of accuracy required
was that selected targets should be photographed from aircraft flying at
5,000 feet at a range of 100 miles from the ground station. The T.R.E. believed
that the best way of meeting the requirements was by employing the H principle
of fixing by means of two range measurements from mobile responder beacons,
using Rebecca Mark II as a basis for both the aircraft and ground installations.
On 8 March 1943 the Air Ministry agreed that the T.R.E, should proceed with
the development of Rebecca-H for Ventura aircraft in Army Co-operation
Command. On 18 March 1943 Headquarters Army Co-operation Command
expressed a formal requirement for an equipment to enable photographic
recoimaissance aircraft to be navigated with great precision at night when the
ground was almost invisible. It was agreed that two ground beacons and
twelve sets of aircraft equipment should be developed and constructed on the
highest priority.

‘ A M. FUe C. 17209/11. * A.M. File C.30474/46. * A.M. File C.30523/46.
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Development

Development of the new system was begun at the T.R.E. in March 1943. One
Ventura aircraft was allocated to the T.F.U. for  a trial installation in April 1943
and the necessary radar equipment was diverted from Rebecca production to
the T.R.E, for modification,* The T.R.E. estimated that an accurate signal
would be produced at ranges up to 100 miles and that the strobe unit would
provide accurate measurements of range up to 100 miles. It was anticipated
that in operational conditions an accuracy of range estimation of plus or minus
half a mile would be achieved. The normal Rebecca aircraft installation was

modified to provide transmission and reception in all directions from the aircraft
and a strobe unit was added to the apparatus in order to produce a display
suitable for accurate simultaneous range measurement from two beacons. The
strobe unit, measuring 9 by 8 by 12 inch® and weighing 17 pounds, incorporated
a switch controlling the function of the equipment and also two delay-setting
controls calibrated accurately in ten-mile steps. The usual Type 6E indicator
unit, provided with a twelve-mile scale instead of the normal nine-mile scale,
was used. The aerial changeover switchin thetransniitter/receiver was employed
so that a simultaneous display, on opposite sides of the time-base, of two beacon
signals at different ranges, was obtained. Normal Rebecca homing aerials were
retained for general homing and beam approach purposes and an all-round

looking receiver aerial for H operation was added. A relay-operated switch
effected the changeover from one type to another. The ground installation was
also based on Rebecca Mark II but incorporated modifications to enable it to
work as a responder instead of as an interrogator, and at first the ground beacons
were mounted in two standard 12 cwt. vans. In the first tests an intermediate

aerial system, consisting of a simple quarter-wave unipole with director, was
used, but this was regarded only as an. interim measure until the final aerial

system had been developed. It was hoped that by using similar apparatus in
the air and on the ground the multipie-frequency facilities would be preserved
as a safeguard against enemy' interference. The vehicles holding the ground
beacon had to carry spares, test equipment and power supplies in addition.
The aerial system was mounted on top of the body in such a way that it could
be raised to a vertical position when in use and lowered to lie flat along the roof
when in transit. A special vehicle became necessary because of the size and
weight of the aerial system and the fact that the engine of the vehicle was
required to drive the standby power supply, A new type of signals vehicle
Type No. 440 was accordingly allocated. The method of presentation was that
the beacons were first identified on the long time-base scale and then their range
was measured with the twelve-mile scale and the strobe unit. The two ranges
to the centre of the target area were computed and the pilot made lus approach
by keeping one range constant so that he flew along the arc of a circle passing
through the centre of the target area. The distance from the second beacon at
which photography commenced was chosen so that the centre of the series of
photographs to be taken would, in the absence of errors, lie at the centre of the
target area.*

Trials

By the end of Jrme 1943 one aircraft installation and two ground beacons,
using the interim aerial system, had been constructed. Experimental flight
trials were held during which ranges up to 80 miles at 5,000 feet were obtained

« A.M. File CS.22a22.> A.M. F'ile CS.215S6.
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and accuracies varying between two miles and seven miles in range measurement
achieved.' In August 1943 theT.R.E. conducted operational trials of Rebecca-H.
Two crews were detached from No, 140 Squadron for training in the use of the
system and it was found that about ten hours’ flying per crew was required
before a good operational standard was attained. The beacons were situated
on Defford airfield and the maximum range obtained was 75 miles at 5,000 feet.
Later the beacons were placed approximately 20 miles apart, the ranges from
the beacons to the targets being 38 and 40 miles  ; photographs showed a mean
error of 540 yards. The beacons were then placed at Honiley and Little
Rissington and the crews attempted to photograph the bombing range at
Pershore by night. Results obtained indicated an average error of 432 yards.
The trials proved that the equipment fulfilled the general requirement and the
aircraft and vans were handed over to No. 140 Squadron for further trials at
Hartford Bridge. By 10 October 1943,105 photographs had been taken with the
assistance of the system. The photographs were taken by day but the briefing
of the crew was in terms of range only and did not include naming the target.
The beacons were sited at Lasham and Hembury, approximately 31 miles apart.
Four targets were used, spread fanwise in relation to the beacons. There were
range errors in the early runs which were attributed to ground beacon delay
variation and to inaccurate calibration of the aircraft equipment. The trials
showed that, of 20 sorties with Rebecca-H, on 19 it was possible to take photo
graphs accurately, without visual observation, of targets up to 40 degrees off
the bisector between two beacons situated 30 miles apart, at a range of 60 miles.®

Production

It was considered that Rebecca-H met the operational specifications and
on 28 September 1943 a formal requirement was raised for its installation in
three squadrons of the Tactical Air Force, Nos. 4, 140 and 234, and for eight
mobile beacons for Nos. 83 and 84 Groups. To enable 100 per cent reserves
to be held an initial supply of 84 aircraft installations was required. The
T.R.E. undertook to manufacture 12 equipments by hand, and in November
six Rebecca Mark II sets were allocated to the firm of R.F. Equipment for
development as Rebecca-H.» Later a production contract for 120 equipments
was placed with the firm, and No. 1 Maintenance Unit was given the task of
making an additional 20; Rebecca Mark 11 was to be used as the basis for
modification and arrangements were made for the requisite number of equip
ments to be diverted from the Murphy Radio factory.® In February 1944 it
was estimated that delivery of Rebecca-H would begin early in April 1944.®
However, in April, the requirement was decreased to installation in one
squadron only, No, 140, and the production contract was reduced to 60 sets.
In August 1944 it was decided that no further development of Rebecca-H
was required, and by December production had ceased.®

Operational Use

By July 1944 Rebecca-H was being used operationally by photogiaphic
recoimaissance aircraft of No. 140 Squadron. A high degree of mobility was
required of the eight beacons which had been provided in order that coverage

“ A.M, File C.39S46/49,

• A,M. FileCS.24J3S,

> A.M. File CS.21556. '•A.M. File CS.21SS6.

* Ten from April production and 20 per month thereafter.
* A.M. File C.30523/46.
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against rapidly changing military requirements might be maintained. The
first two beacons were sited on the beach-head and were in operation by
5 July 1944 ; with the break-through they wepe moved rapidly forward into
Holland and Belgium. To ensure adequate flexibility of the system the
beacons were placed under the direct control of the headquarters of Nos. 83
and 84 Groups. The tactical advantage of high mobility was indicated when

two beacons were quickly but temporarily returned to the United Kingdom
for location on the Kent and Sussex coasts to provide cover for the Calais area
when that could not be done from the Continent. With the crossing of the
Rhine the beacons were again moved rapidly forward, their sites being changed
frequently to maintain adequate coverage behind enemy lines. By 30 April
1945 the final disposition of the beacons was reached when all the 21st Army
Group field of operations against Germany was provided with sufficient
coverage. At the beginning of 1945 technical responsibility for the beacons

was handed over to No. 34 Wing although their actual siting remained the
responsibility of the Tactical Air Force. At first some difficulty was experienced
in communication between Headquarters No. 34 Wing and the beacon sites

and operating instructions often arrived at a' beacon too late to be of any use.
A Wireless Observer Unit post was consequently located at each beacon site

and shared its W/T facilities ; when W.O.U. posts were withdrawn the W/T
establishments were added to those of the beacon parties. Originally five
spot frequencies were allotted to the .Rebecca-H system for communication
purposes but, because of interference from other users, the allocation was
later reduced to the exclusive use of two channels with common-user facilities

on all but one of the remaining charmels.^

Targets were chosen by the 21st Army Group General Staff (Intelligence)
and the ranges for Rebecca-H were then calculated by the navigation officer
of No. 34 Wing. Crews were briefed to use Rebecca-H for the final fifteen

minutes only of a run so that the enemy received signals for as short a time as

possible.* The operational use of Rebecca-H revealed weaknesses in the
beacon which imposed certain limitations on its working. At ranges of less
than 35 miles from the tracking beacon the curvature of the heading made
tracking difficult, while at ranges greater than 35 miles the reduction in the
angle of cut made releasing progressively difficult. The maximum operating
range depended on such factors as the base-line between the beacons, operational
height, and height of cloud base, and in practice varied from 65 to 85 miles.*
The modifications that Headquarters 2nd T.A.F. considered to be necessary

were the provision of a new coding unit, a rotatable aerial, a new power supply,
and installation in a three-ton instead of 15 cwt. vehicle. The supply of ten
beacons, modified in accordance with the recommendations, to replace the
beacons already held, was requested. The Air Ministry was reluctant to accede
to the request because the modifications entailed considerable development
work and it had already been decided, in August 1944, that no further

development of Rebecca-H should be undertaken. In addition, operational
use of Rebecca-H was of necessity limited because only No. 140 Squadron was
fitted with it, and Headquarters 2nd T.A.F. was asked to reconsider the

request in view of the heavy demands being made on the radio industry for

‘ A,H.B./IIS/88/2. Radar in 2nd Tactical Air Force.
* A.H.B./IIE/167. Report on Radar Equipment for Tactical Air Force.

» A.H.B./I1S/88/2.
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all types of equipment. The headquarters therefore agreed to carry out
modifications within the command if three-ton vehicles and improved coding
units could be made available.^

In spite of its limitations the Rebecca-H system was considered to be of
value in night photographic reconnaissance operations. Headquarters 2nd
T.A.F. estimated that the efficiency of the system in target finding was about
69 per cent from July 1944 to the end of February 1945. It was reckoned
that of the failures to find the target only 21-6 per cent were attributable to
technical deficiencies. The degree of accuracy attained was not high but was
considered to be acceptable. A representative of the T.R.E. who visited the
Tactical Air Force in January 1945 reported that it was estimated that when
the system was correctly used the error was normally less than half a mile.
More than 50 per cent of the photographs taken at 6,000 feet were useful.^
Rebecca-H ceased to be of value when the war in Europe ended ; it was not
required in the Far East for its wartime operational use in night photographic
reconnaissance and it had no peacetime application. On 25 June 1945 the
Air Ministry declared it obsolete.

Development of Shoran

Shoran was developed in the License Laboratories of the Radio Corporation
of America, and its whole process of development was sponsored by the Wright
Field Radio Laboratory on behalf of the United States Army Air Force.^
Unhke other H S5^tems, it was not a modification of existing equipment, but
was intended for use in its particular role from the initial research stages,
a result the development prototype was constructed for the most part from
production drawngs, and was not only well-engineered but required very
little modification before production was started, which, however, was not
until the war in Europe was almost over. Then, because of the time required
to manufacture, deliver, and install equipment in sufficient quantity, and
because of the limited range of the Shoran system, it was too late to be of value
for strategic bombing. Had, however, the war been prolonged, it is highly
probable that airborne repeater stations would have been used to increase
Shoran range for strategic bombing in the Pacific. As it was, sufficient
operational use was made of Shoran to indicate that it was a valuable asset
to tactical air forces in that it enabled effective attacks to be made in bad
weather against such targets as airfields, bridges, and lines of communication.

As

Shoran was similar in principle to the British H system. An aircraft
interrogated two ground stations or beacons and, using its measured ranges
from them, determined its position by triangulation. Since the actual ranges
were measured, instead of the difference between ranges as in the Gee system,
the position of the aircraft was determined by the intersection of two sets of
circles. The aircraft installation, AN/APN3, consisted of three main units
in addition to aerial arrays; transmitter, which included power supplies,
timing unit, which included receiver and cathode ray tube display, and
bombing computer. The aircraft was flown on a curved track at a constant
distance from the ' drift' or ' navigation ' station, the function of which was
similar to that of the Cat station in Oboe, and its position on that curved

> A.M. File C.30523/46.
» C.R.B. 44/4288.

» A,H,B,/nE/I67.
The name Shoran was developed from Short Range Air Navigation.
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track was determined from the ' rate ' or '' calculating ' station, which enacted
a role similar to that of the Mouse. In order that the ground stations could
be identified, the aircraft transmitter radiated pulses on two different radio

frequencies simultaneously by means of a commutator, which also switched
the output of the receiver aerial and reversed the polarity of received signals.
The returned pulses from the drift station pointed towards the centre of the

display screen, which had a circular time-base, and those from the rate station
pointed outwards. At the top of the display was a reference marker which
corresponded to the instant of transmission from the aircraft. Transmissions
were made at a fixed time, and by introducing a phase change, received signals
could be made to coincide with the marker pulse. The amount of phase change
required depended on the distance from a ground station, and by the manual
rotation of two phase-change controls the drift and rate pulses could be moved
around the circular time base imtil they were brought into alignment with
the marker pulse. The distance from the ground stations could then be read,
in miles, directly from a dial and a counter without the necessity for inter
polation as in a pip-counting technique, and the position of the aircraft was
easily determined. The radar equipment could therefore readily be used for
navigation. A computor was added to the installation for the purpose of
precision blind bombing. For a bombing run the aircraft was flown along a
track in the form of an arc of a circle, passing approximately through the target,
whose centre was the drift station. The computor, used in conjunction with
the radar equipment, measured groundspeed and automatically released bombs

when fed with the following requisite information for each bombing run, at
each height, and for each type of bomb

[a) Distance from drift station to target, corrected.
{b) Distance from rate station to target, corrected,
(e) Magnetic bearing of ground track at ‘ no wind  ’ release point.
(d) Angle between lines' joining target to ground stations,
(e) Trail distance of bomb.
(/) Time of fall of bomb.

AN/APN3 was designed primarily for installation in Fortress aircraft, in
which the large units could be fitted fairly easily. The receiving aerial was
mounted on the top surface of the fuselage, behind the upper gun turret, and
the transmitting aerial on the underneath surface below the tail gun turret.
The positions were chosen to achieve omni-directional fields of radiation and

to gain every possible advantage against deliberate jamming.^

The frequencies used were dose to bands which had already been subject to
enemy jamming, and the degree of probability of jamming being effectively
applied to Shoran was studied by appropriate committees during its develop
ment. The conclusion reached was that jamming would be difficult and would

entail the nse of very high-power jammers. Shoran. was operated for short
periods only and it was probable that ground transmissions could be detected
only from the air, depending on the distance of ground stations from enemy
territory. The ground equipment could not be jammed from the ground.
Jamming would have to be carried out from aircraft and would require a
transmitter of high mean power, or entail flights over hostile territory, and the

> C.R.B. 44/1388. Quarter-wave wide-band vertical aerials were used.
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frequencies could easily be shifted over a frequency band of 30 megacycles
second. By placing the receiving aerial above the fuselage the pick-up i.. _
downward direction was considerably reduced, and ground jamming trans
mitters would therefore require very high power to be effective against aircraft.
It was possible for up to 20 aircraft to interrogate simultaneously a single pair
of ground stations. The pulse recurrence frequency of aircraft transmissions
was scrambled, by means of the commutator, between the periods during
which the transmitters were operating. Thus, although the ground transmitter
replied to all aircraft on the same frequency, the pulses received by a particular
aircr^t, except those originated by its own transmitter, moved rapidly around
the time-base. There was. therefore, no danger of confusion, and the unwanted
pulses caused little interference.^

per
m a

The function of a Shoran ground station, AN/CPN2, was to receive, amplify
and retransmit pulses originated by aircraft, and its equipment consisted
basic^ly of a specially designed receiver and transmitter. As well as being
amplified for retransmission, pulses were reshaped to overcome distortion and
vyere transferred to a different frequency. Corrections were also made for the
time-delay which pulses underwent during reception and retransmission, and
a frequency check service was supplied so that air operators could set the master
timing frequency on which the accuracy of distance readings depended. All
units Were designed so that they could be removed from their mountings and
transported by air, and aerial masts and arrays could be erected by two men of
no especial skill. The ground stations operated in the frequency band around
300 megacycles per second, and range was limited to just more than optical
range.® Their siting was therefore strictly governed by the geographical location
of the area over which it was planned that aircraft working with them should
operate, and it was important to ensure that the aircraft would be within
ultra-high-frequency radio range, at their operational heights, of both ground
stations. It was also necessary to ensure that the ‘drift and rate stations were
so located that the angle from the aircraft to them was neither too large nor too
small, the optimum being about 90 degrees, although for bombing it was
practicable to work between 30 and 150 degrees. Ground station operators
required but little training, and one person could manage a station which
operated only intermittently. His work consisted mainly of switching the
equipment on and off according to a pre-arranged schedule, servicing a gener
ator, and carrying out simple tests and adjustments. The aircraft installation
was more complex to service and to operate, and 20 hours’ flying training
was considered to be necessary before proficiency was attained.

Trials and Training

Flight trials were conducted in Florida in February and March 1944, 'ITie
ground stations were first located at Boca Raton and Hendricks Field on very
carefully surveyed sites. The base-line was approximately 130 miles, running
roughly north and south. After initial tests had been carried out and operating
experience gained, with aircraft flying at ranges between 50 and SO miles, the
ground station at Boca Raton was moved to Homestead Field for bombing
trials. The target used was Memory Rock, a small piece of rock about 30 feet in
‘ C.R.B. 44/1388. ‘ “
’ Approximately 170 miles at 15,000 feet and 250 miles at 30,000 feet
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radius, situated 143 miles from Hendricks Field and 128 miles from Homestead

Field, the angle of cut being 66 degrees.‘ Results indicated that the probable
error in distances measured was not more than 50 feet, and 50 per cent of
bombs were dropped within 225 feet of the target. The preliminary report on
early trials stated that ̂  . the results obtained in flight tests were extremely
satisfactory and, it is believed, indicate that the equipments have greater
precision than any previously employed for the particular tactical
application , . .

Operations which necessitated conditions in which bombs could be aimed
visually were severely restricted by bad weather during the winter months of
1943/1944 in the areas covered by the Mediterranean Allied Air Force.
Although numerous attempts had been made to develop systems for bombing
through overcastj none had been sufficiently accurate to meet tactical

requirements.® Consequently, reports received early in 1944 of the progress
being made with Shoran experiments aroused interest at Headquarters
M.A.A.F.. and in March 1944 a pilot was sent to Florida to observe the flight
trials and demonstrations. As a result, in June 1944 the United States Twelfth

Air Force requested the provision of sufficient Shoran equipment to enable the
42nd Bomber Group (M) to carry out operational trials in Corsica. At the same
time Headquarters M.A.A.F. asked for 10 aircraft installations and two ground
stations to be supplied on a crash programme basis for employ ment in operations
should results of the trials prove acceptable. No signals personnel were available
in the M.A.A.F. for training in Shoran, and sufficient technical assistance to
enable the aircraft installations to be serviced was also required.'* The requests
were approved and arrangements were made for one Fortress equipped with
Shoran and two ground statioirs to be sent from the United States in August
1944 so that preliminary training and trials could be undertaken in the
Mediterranean theatre of operations, and delivery of the additional equipment
and personnel in October 1944 was tentatively promised.

A Shoran demonstration unit, complete with equipment, arrived in a Fortress
aircraft at Casablanca early in September 1944 and was sent to the 3I0th
Bomber Group base at Ghisonnaccia in Corsica. One ground station was set

up there on 11 October 1944 and preliminary flights to check coverage were
made during the following day. The second ground station was set up at
Lido di Roma in Italy on 17 October 1944, and two days later demonstrations

and trials were staged. The bombing target was the Isle d’Affrica, a rock
roughly 250 feet long in the Tyrrhenian Sea. 40 miles from one station and
122 miles from the other. Photographs taken of the fall and strike of bombs

confirmed that of the first six dropped, three were direct hits and three were
near misses, and it was considered that the immediate training of Fortress
crews* in teams of pilot and bombardier, was more than justified.

At that time, however, a training programme in the midst of intensive

operations presented a problem and it was essential that a training organisation
for both air and ground operators should be set up in the United States of
America as soon as possible. Training in the M.A.A.F, from October to

December 1944 could only be carried out by allowing crews to use Shoran

whilst under supervision of qualified personnel. When such training had been

I C.R.B. 44/1388.
‘ M.A.A.F. O.R.B. Appendices, 1944.

'a

»A.H.B./IIJ/ll/t8.SC.R.B. 44/4288.
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completed, preparations were made for the operational use of Shoran. So that
the first raid could be. made against an undefended target the ground stations
were resited, one at the tip of Cap Corse in Corsica, and the other about 25 miles
north of Florence.

Operational Use by United States Army Air Forced
Shor^ was first used operationally on 10 December 1944 when four

formations of six Fortresses, each box led by an aircraft equipped with
AN/APN3, bombed Fidenza railway bridge on the Bologna-Piacenza railway.
In order that the potentiality of the system might be better demonstrated to
the participating crews, an effort was made to time the raid so that the target
would be clear of clouds. However, although visibility was good a few miles
south of it, the weather over the target itself was completely overcast. The
attack was a failure because each of the aircraft equipped with Shoran erred

way or another on the initial bombing run.® One bombardier had used
an incorrect rate, another failed to determine true altitude correctly, and signals
from one of the ground stations faded during a run-in, a fault which could have
been avoided if the aircraft had operated at a higher altitude. Not all the
errors were large, however, and some hits were obtained. Photographs taken
after the attack indicated that the bridge was ‘ . possibly passable to single
line traffic . . .

in one

Action was taken to eliminate similar errors before the next attack,
which took place on 14 December 1944 against a railway bridge at Parma
West. Similar box formations were used and the performance of AN/APN3

satisfactory in each of the four leading aircraft. Visibility over the target
was variable, and the raid was successful. Results were much nearer those
anticipated, four spans of the western end of the bridge being cut. During
the next few days further sorties were flown against similar targets, and
ammunition dump at Bologna ‘ '

was

an

was hit by extremely accurate and well-con
centrated bombing throi^h ten-tenths’ cloud on 15 December. The Cap Corse
station was then resited just south of Ancona on the east coast of Italy in order
to achieve coverage over the eastern end of the Po valley. An attack on 31
December 1944 against the Canale D’Isonzo bridge in north-eastern Italy
provided the Shoran system with a serious test. In theory an increase in range
should not have affected accuracy but in practice it had been found that beyond
a certain distance accuracy deteriorated. On this occasion the range of 175 miles
proved to be well inside the limit, and the approach to the important bridge
was cut and one span completely destroyed.

Up to the end of December 1944 thirty-one sorties had been flown on ten opera
tions. seven of which were considered to be successful. As with all new tech
niques, rnistakes were made, and an acute shortage of equipment existed. I.
was considered that if errors could be eliminated to such a degree that results
similar to those of the raid against the Parma West bridge could be consistently
obtained, the effectiveness of tactical bombing could be notably increased.
The advantages conferred by use of Shoran were already sufficiently apparent
to ensure support of a proposal that all aircraft of the 57th Bomber Wing,
, v' amount of the use of Shoran by the U.S.A.A.F. is included so that ita value as aWmd-bombing system might be assessed. The R.A.F. was eager to exploit its many
Desert equipment limited its use to a few operations by the

It

•A.H.B./1IJ/11/18.
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consisting of the 310th, 321st and 340th Bomber Groups, should be fitted with
AN/APN3. With it, effective attacks against very small targets were not
dependent on the extent of visibility over the targets. I,osses were likely to
decrease as the enemy anti-aircraft guns were forced to rely completely
radar control with the consequent lessening of their efficiency. Close support
could be given to the Allied armies even when the sky was completely overcast,
and enemy ground troops could be forced into inactivity in spite of what in the
past had been helpful cover for them. Accurate bombing was possible at night.
Navigation to and from, and identification of, the target was simplified, and
the risk of bombing the wnmg target was minimised. Aircraft of the 310th
Bomber Group in which Shoran had been installed were allocated one to each
squadron and were used as formation leaders. Against such small targets .
bridges six aircraft released bombs when the leaders bombs were seen to fall,
and against such targets as supply dumps 18 aircraft did the same. In order
that greater concentration might be achieved radio directional bomb-control
equipment was modified for use as an automatic radio-controlled bomb-release,
by means of which the bombs carried by all the aircraft in a formation were
released at the same instant as those of the aircraft equipped with Shoran, and
an installation programme was completed as rapidly as possible. Other improve
ments were also made. A limitation of the Shoran technique was that approach
routes to a target were limited to four directions, either way around each of the
two circles, a factor which rendered diversion from heavily-defended : :
more difficult. At that time the only remedy was the provision of more ground
stations, although a computor was being designed to enable approaches to be
made from any direction in any wind conditions.*

on

as

areas

Two additional ground stations arrived in December 1944 and were located
in Corsica, one at Gbisonnaccia and one at Cap Gorse. The four stations
o^rating in suitable pairs provided good coverage over the entire Po valley.
Air transport priority was given to another pair of grotind stations and additional
aircraft installations, and arrangements were made for another bomber group to
operate with Shoran. However, at the end of January 1945, operational use of
the system was stopped for two weeks after a run of unsuccessful sorties due
mainly to a lack of trained crews. The timing and coraputor units had many
associated controls and, despite the fact that many of them could be pre-set,
failures were occurring because of operating faults. The remedy was, as had
been found with H2S and A.S.V., constant and regular training.* A twelve-day
period of intensive training from 2 to 11 February followed the cessation of opera-

.tions, and targets were again successfully attacked on 12, 13 and 15 February.
By the time the final ground offensive was launched in April 1945 much

thought and study had been applied to Shoran technique and the system had
been considerably expanded. In addition to the tactical methods used for the
early Shoran operations, a third method was used, in which the formation
consisted of 24 aircraft, of which two carried AN/APN3 and acted as bomb-
aimers for a flight of 12 aircraft. When all the factors of manoeuvrability,
dependability, safety and efficiency were taken into consideration it appeared
that the best tactical method was the employment of a minimum of two and
preferably three, aircraft equipped with AN/APN3 in a formation of 18 aircraft.
During intensive operations carried out in the battle area by aircraft of the
‘C.R.B. 44/1388. • A.H.B./n/69/243,
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57th Bomber Wing from 9 to 18 April 1945, Shoran was employed in approx
imately one-third of the raids made against enemy troop concentrations.

Aircraft equipped with AN/APN3 led 443 sorties, and the results obtained dearly
proved the value of the equipment.^ Experience in Italy showed that with it

a great increase in the scope of operations was made possible. In hat, open
country it was often extremely difficult to find good identification and aiming
points for visual bomb-sighting. With Shoran, aiming points could be selected
soldy for their value as targets, since it was not necessary to bear in mind the
problem of identification. Also, it enabled targets to be attacked again very
shortly after the completion of previous raids, when dust and smoke would

normally have made aiming with visual bomb-sights very difficult, if not
impossible. Although the accuracy of Shoran was such that bombing very near
the Allied front line was possible, no attacks were made within two or three
miles, and crews were briefed to bomb only when no doubt existed about the

accuracy of the approach run. This policy was responsible for four operations
being abortive, but considerably lessened the risk of bombing casualties being
inflicted on Allied troops.

Attention was turned to the possibility of using Shoran in the North-West
Europe theatre of operations shortly after the formation of the United States
First Tactical Air Force. In the autumn of 1944 the lack of a navigation or
precision bombing radar system for its 42nd Bomber Wing became a matter of
primary importance, particularly in view of the approaching winter with bad
flying conditions. By 11 November 1944 the First T.A.F. had formulated an
operational requirement for Shoran on a basis of three aircraft installations per
squadron and six ground stations. Meanwhile the United States Ninth Air
Force, attracted by certain inherent advantages held by Shoran over Oboe,
also planned a Shoran programme, which was finally formulated on 11 December
1944. The question of priority of supply of what little equipment was available
immediately arose, and eventually it was decided that the First T.A.F. should
be equipped first.® Equipment began arriving from the United States in the
latter part of January 1945, and a training organisation for mechanics, ground
operators, and bomber aircrews was set up in the south of France. Operations
with Shoran were begun by the First T.A.F. in March, and by the Ninth Air
Force, on a small scale, in early April.

Operational Use by Royal Air Force

In October 1944, Headquarters Desert Air Force, anticipating that weather
conditions during the winter months would considerably curtail effective
employment of medium-bomberforces, suggestedto Headquarters Mediterranean
Allied Air Forces that some form of radar should be provided to enable attacks
to be made when conditions were such that, although operations were practicable,
tlie target was partially or totally obscured by cloud.® The bomber component
of the Desert Air Force was considered to be sufficiently powerful to justify
equipping it with one of the more advanced radar bombing systems, such as
Gee-H or Shoran, but the Air Officer Commanding D.A.F., acting on the
assumption that such equipment would not be immediately available, had
ordered that investigations should be undertaken into the possibilities of

* Sen Table No. 10.

’ A.H.B./II] 1/122/S3/6B. Employment ol Light Bomber Force.
» A.H.B./XI/69/243 and A.H.B./IIE/ISS.
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improvising radar equipment already in Italy.» Meanwhile, on 8 November
1944, Headquarters M.A.A.F. emphasised to the Air Ministry the extreme
importance of providing the Desert Air Force with facilities to increase the
enativeness of tactical bombing. Experiments were being made with a modified
SCR. 584, on loan from the U.S.A.A.F., in the control of tactical bombing at
veiy short ranges by fighter-bomber aircraft, but there was no means of meeting
requirements for light or medium-bomber aircraft operating at more than very
short distances behind the front line.® The provision of Shoran was therefore
requested, especially, in view of the fact that it was also being asked for by the
United States Twelfth Air Force, and it was obviously more practicable and
economical for both air forces in the one theatre to use the same type of equip
ment. In addition, shortages and the need for meeting existing commitments
made the supply of Gee-H to the M.A.A.F. very uncertdn. Later in the month
it was decided to install Shoran in Marauder aircraft of the Desert Air Force
and 60 sets of AN/APN3 were allocated for the purpose, together with four
ground stations. An installation programme to ensure that leaders and deputy
leaders of bombing raid formations were able to use Shoran. whilst surplus
equipments were held in reserve, was proposed.® However, the rate of production
of AN/APN3 was slow, and the first two of the 60 equipments did not leave
the United States until the beginning of February 1945.*

By then a re-allocation of equipment had been made, and only 12 installations
were to be made available, in addition to the four ground stations, to the Desert
Air Force because of the difficulties encountered during manufacture and the
very urgent requirements of the United States Twelfth Air Force. Delivery
was given high air transport priority and an installation programme for Marauder
aircraft of No, 3 (South African Air Force) Wing was arranged, It had originally
been planned that a limited number of R.A.F. personnel were to be given Shoran
training in the U.S.A. but because of the urgency of the programme and the
relatively small number of people involved, training was undertaken locally.
An R.C.A. technician was attached to the Desert Air Force to assist with
installation and servicing, and one officer and eight airmen attended the United
States Service Command gnonnd mechanics’ training school. No. 3 (S.A. A.F.)
Wing carried out tactical training in Corsica with the 57th Bomber Wing, and
was placed under operational control of the latter on 2 April 1945.® On 16 April
the wing flew on its first operation with Shoran. The raid was only partially
successful, but direct hits were obtained on its second operation carried out on
the following day when, according to Headquarters’ D.A.F. reports, the target
was totally destroyed. The raids were made against t^gets in the battle area
of the 8th Army during a period when the front was beginning to collapse. On
19 April four Marauder aircraft, using Shoran, effectively attacked a road bridge,
and four days later 12 aircraft attacked another road bridge at Sandon, but on
that occasion completely missed the target. Another raid was forced to resort
to visual bomb-aiming because the Shoran equipment failed. By 28 April the
front line had become too fluid to enable radar control to be used for bombing
near troop concentrations, and hostilities ceased before Shoran could again be
used.

‘ SCR. S84 and radar stations Types 14 and 15.
’A.H.B./IIJI/122/83/6B.

‘ D.A.F. O.R.B. Signals Appendices. Janaary-ApriJ 1945.

•A.M. FUeCS.24015.

* A.M. File C.2S601/45.
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In February 1945 it had become obvious that the enemy was trying to jam
the Oboe system and as an insurance against the possible loss of Oboe for
precision bombing Headquarters Bomber Command raised an urgent require
ment for the installation of Shoran in one squadron of Mosquito aircraft of the
Pathfinder Force. Consequently a further reallocation of equipment was
planned but owing to the slow rate of provision the war had ended before
Shoran could be brought into operation^ use by Bomber Command.^

* Two AN/APN3 equipments arrived early in April, of which one was sent to the T.R.E.
Two ground stations were received at the same time. One was installed at the Oboe Mark J
station at Winterton and the other installed in a vehicle as a prototype mobile installation.
(A.M. File C.25903/4S.)
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CHAPTER 11

RESPONDER BEACONS

Responder beacons were small ground radar installations which, although
switched on. were silent until interrogated or challenged by an airborne radar
equipment. The beacon then responded to such stimulus by transmitting a
coded signal by means of which the aircraft could measure its exact range
from the beacon and could home to it. The use of radar responder beacons
originated in a suggestion by Dr. F. C. Williams of the Air Ministry Research
Establishment towards the end of 1939 that modified aircraft I.F.F. equipment
should be used as ground installations which, when used in conjunction with
an airborne interrogator, would provide homing facilities.^ At that early
stage in the war such faaiities were required by Coaistal Command aircraft
equipped with A.S.V. Experiments with an I.F.F. set modified to serve as an
A.S.V. beacon by the A.M.R.E. proved so successful that Headquarters
Coastal Command asked for similar installations to be made at several stations.
This early small requirement was met by modifying I.F.F. sets. In the
autumn of 1940 the T.R,E. designed a successful beacon to work with A.I. in
Fighter Command. These early beacons proved useful but were not suitable
for protracted use or large-scale installation. When in April 1941 Head
quarters Fighter and Headquarters Coastal Commands asked for a greatly
increased munber of beacons for installation at airfields, the T.R.E. put forward
suggestions for improved final-type A.S.V. and A.I. beacons. Development
and production of the final-t3rpe beacons was a slow process and to meet the
urgent needs of Fighter and Coastal Commands interim beacons, modified
I.F.F. sets, were installed at a number of airfields in 1941. These gave good
-  - but in April 1942 their replacement by final-type beacons began. The
chief disadvantage of this beacon system was its lack of standardisation;
Fighter and Coastal Commands had individual beacons built to respond to
the particular radar equipment installed in their aircraft. This meant that
homing and navigation facilities available to aircraft of one command were
denied to aircraft of another. The T.R.E. therefore recommended the
adoption of a standard beacon operating on a centimetric wavelength, This

agreed and development of the Separate Band Beacon was begun in
May 1942. It was combined with research on I.F.F. Mark V and the equip
ment was known as I.F.F. Mark V/U.N.B. (United Nations Beaconry).
Development work on the scheme was transferred to the U.S.A. and continued
until it was abandoned in September 1945. Even when development was
still in progress it was realised that considerable time would elapse before
operational use could be made of the system, and in November 1944 it was
decided to adopt Eureka Mark II as the standard homing beacon for all
comman^. Variants of the beacon were developed to operate on different
frequencies and by the end of the war Eureka was gradually replacing A.I.

» T.R.E. Monograph, ' Radar Interrogator Beacon Syatems *. For details of I.F F see
Royal .\ir Forte Signals History, Volume V : • Fighter Control and Interception’.
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and A.S.V. beacons. The abandonment of the U.N.B. project in 1945 was
responsible for a post-war policy decision that Eureka should be the final
standard homing beacon used in conjunction with the airborne interrogator
Rebecca Mark IV. The use of centimetric aircraft radar stimulated develop
ment of centimetric beacons and by August 1943 some stations in Fighter
Command were equipped with these beacons for use by aircraft fitted with
centimetric A.L Centimetric A.S.V. beacons were not produced on a large
scale in the United Kingdom. The policy in Coastal Command was to fit

metric interrogators in all aircraft. Where it was necessary to install centi
metric beacons for use by American aircraft, supplies were obtained from the
U.S.A. The beacon programme overseas was similar to that in the United
Kingdom. Interim A.I. and A.S.V. beacons were installed first and were then

replaced by final-type beacons which were eventually superseded by Eureka
Mark II.

Early Development

When the possibility of using modified I.F.F. in conjunction with airborne
radar for navigation and homing was first suggested, the I.F.F. system then
existing involved the use of a small airborne apparatus which was a combined
receiver and transmitter. The receiver portion picked up the pulses radiated
by a ground transmitter and caused them to actuate the transmitter portion
which then radiated, on the same wavelength, a pulse similar in shape to that
received. The radiated pulse was received at the ground station superimposed
on the normal radar response from the aircraft, which was several times weaker

than the I.F.F. response.* The proposed r«e of I.F.F. equipment as homing
beacons consequently meant a reversal of the procedure used for identification ;
the I.F.F. set would be used on the ground and the aircraft search or inter

ception equipment, A.S.V. or A.I., would enact the role of the transmitter
and receiver.

A beacon was built at the A.M.R.E., Dundee, from an I.F.F. receiver

driving a Metropolitan Vickers A.I. transmitter. The receiver received

pulses emitted by an A.I. or A.S.V, transmitter fitted in an aircraft and used
the received signals for triggering the ground transmitter working on the
same wavelength. The pulses radiated by the transmitter were then received

by the aircraft installation and gave an indication on the cathode ray tube
similar in shape to that received as an echo from an aircraft or ship. As the
time-lag in the receiving/transmitting process at the ground apparatus was
negligible, a direct measure of the distance of the aircraft from the ground
station or beacon was readily obtained from the range-scales.* By means of
the D/F facilities provided in the A.I. or A.S.V. installation the aircraft could
home to the beacon. The success of tests at Dundee stimulated interest at

Headquarters Fighter Command, Headquarters Coastal Command, and at
the Admiralty, in the possibility of using such I.F.F. ground beacons, modified
to work on A.I, or A.S.V, frequencies, for navigation and homing purposes.®
On 29 December 1939 the A.M.R.E. requested the Air Ministry to sanction
development and manufacture of responder beacons, since aircraft equipped
with A.I. operated from Manston, Martlesham, and Debden, while aircraft

» M.A.p7FUe SB.24si7
® Until the introduction of H2S in 1943 aircraft of Bomber Command were not fitted with

a radar system for interrogating beacons.

I M.A.P. File SB.2456.
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equipped with A.S.V. were expected to be operating from Leuchars and
Pembroke Dock by the end of the year. Beacons giving homing and
navigation facilities would be useful at those places.* Between January and
April 1940 the development of A.S.V. beacons continued at sections of the
A.M.R.E. at Dundee and St. Athan and a homing beacon was evolved at each
establishment. That developed at Dundee was simpler but of lower power
and was ideal for production in quantity for use with A.S.V. During those
months several flight trials were carried out with the Dundee beacon, used
botli as a ground and as a ship installation, and ranges of about 30 miles with
aircraft flying at 2,000 feet were obtained.® The experimental beacon was
moved to Leuchars in April 1940 and the results of trials held there impressed
Headquarters Coastal Command so much that on 27 April 1940, in spite of
the fact that the beacon was still only in the experimental stage, the Air
Ministry was requested to provide similar beacons at Leuchars, Thornaby,
Bircham Newton and Wick. Beacon installations were also required at
Pembroke Dock, Mount Batten, and Sullom Voe because, although at that
date one Sunderland fl^ng-boat only was fitted with A.S.V., others were being
fitted and would require the homing facilities provided.® On 5 May 1940 the
•Ministry of Aircraft Production instructed the A.M.R.E. to design and build
beacons for installation at the stations selected in Coastal Command. The
A.M. R.E. agreed to supervise the design of the beacons but, because production
and installation would seriously delay its research programme, suggested that
a suitable contract be placed with the firm of Ferranti. The Air Ministry
therefore placed a small development contract, for eight sets, with Ferranti on
10 June 1940. This was later increased to 16 sets, the first eight to operate
on a frequency of 214 megacycles per Second, the A.S.V. Mark I frequency,
and the final eiglit on a frequency of 176 megacycles per second, the A.S.V.
Mark II frequency.* Although the Air Ministry in May 1940 expected that
the installation of beacons at the stations named by Headquarters Coastal
Command would be rapidly completed, in October 1940 there was still only
one beacon operating, and that was the experimental one at Leuchars. On
7 October 1940 Headquarters Coastal Command stressed the urgent need for
immediate provision of beacons because the facilities they afforded were even
-  essential with the approach of winter weather conditions. The delay
in beacon installation was due to the poor quality of beacons produced during
the summer of 1940. Eight sets were manufactured by Ferranti but when
tested at the R.A.E. in October 1940 were found to be unsatisfactory and in
need of considerable modification.® Slowness in producing an aerial system
was an additional factor in the delayed installation programme. The first
prototype beacon was delivered in December 1940 and was installed at Bircham
Newton for flight trials; performance was satisfactory. Another beacon was
installed that month at Limavady. By the end of April 1941 A.S.V. beacons
were installed at Limavady, Lough Erne, Carew Cheriton, Bircham Newton.
Dyce, Wick, Oban, Thomaby, and at a site in Iceland. Some operated on
214 megacycles per second and others on 176 megacycles per second. The
former type were regarded as of temporary value only while A.S.V, Mark 1
was still in use.®

more

‘A.M. File CS. 16810. »M.A.P. FUe SB,2456. » A.M, File S.4540.
‘ Sm Royal Air Force Signals History. Volume VI:  ' Radio m Maritime Warfare’, for

aetails ot A.S.V.

‘ A.M, File S.4S40. » M.A.P. File SB.2456.
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Meanwhile, experiments were made to supply similar beacon facilities for
Fighter Ck)mmand aircraft using A.I. The success of the A.S.V. beacon

stimulated attempts by the T.R.E. and the Fighter Interception Unit, Ford, to
construct an A.I. beacon in the autumn of 1940. One set was made consisting
of a transmitter on*the A.I, frequeucy with a clockwork switching attachment
which allowed the transmitter to be on for 3 seconds in every 25 seconds. Air
tests were held but the beacon was found to be unsatisfactory because no
estimation of range could be obtained. Later that autumn the T.R.E.

produced a special I.F.F. beacon, known as ’ Cockerel and after trials at the
F.I.U., it was installed at Middle Wallop for use by No. 604 Squadron equipped
with Beaufighter aircraft fitted with A.I. Mark IV. The beacon was unsatis

factory in operation because the frequency swept from approximately 190 to
200 megacycles per second, the signal being received momentarily every six
seconds. The sweeping mechanism was therefore removed and the beacon

set on a frequency of 193 megacycles per second. Considerable improvement
resulted and ranges obtained were about 80 miles with aircraft at 10,000 feet.‘
By the end of April 1941, A.I. beacons were installed at Middle Wallop,
Tangniere, Digby, Church Fenton, Wittering and Addington.* They were
improved versions of the original T.R.E. * Cockerel,' being converted I.F.F.
Mark IIG sets. An indication appeared to the operator for 1| seconds in
every 6 seconds.®

Development of Metric A.S.V. and A.I. Beacons

Both A.S,V. and A.I. beacons proved so valuable as homing aids in Coastal
and Fighter Commands that requests were made for an increased number of
installations. In April 1941 He^quarters Coastal Command stated an urgent
requirement for 30 additional beacon installations, and Headquarters Fighter
Command asked for homing beacons at approximately 25 stations. At a

conference at the Ministry of Aircraft Production on 23 April 1941 it was
reported that the performance of the original A.S.V. beacon was satisfactory
but the type y/as not suitable for full-scale production and presented many
servicing difficulties. Headquarters Coastal Command was not satisfied with
its coding and detailed construction. The T.R.E. therefore recommended, as
a result of prepress made with experimental A.I, and A.S.V. beacons during
the preceding three months, that the A.S.V, beacon requirement be met by
an equipment constructed in two units to contain respectively a transmitter/
receiver using the I.F.F. Mark III circuit with the frequency sweep removed,
and a mains power pack, and advised that accessary emergency equipment
should also be provided. One problem encountered in early beacon develop
ment was the provision of some form of identification. The ̂tablishment of a
chain of beacons all over the country necessitated some means of differentiation

between neighbouring beacons. The identification was provided by means of
coding. Headquarters Coastal Command considered that a continuous signal
beacon should be provided, but the T.R.E. recommended that coding should
consist of about 20 seconds of continuous signal followed by 10 seconds during
which a Morse signal was flashed, the Morse dot lasting | second and the dash

seconds, a system known as 'gap’ coding. The T.R.E. also submitted

proposals for a final A.I. beacon. It was not possible to use the I.F.F. type of

‘  1I/S4/8S, R.D.F. Beacon Panel Minutes of Meetings.
^M.A.P. FaeSB.2456. » A.H.B, 1I/54/8S.
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circuit tor an A.l, beacon because of the more stringent requirements of the
strobe circuits proposed for A,I. Mark VIA. The T.R.E. suggested that it
should consist of four units, tr^mitter, superheterodyne receiver, modulator
and power supply. ' Gap ' coding had been used in the early A.l. beacons but
was considered no longer suitable as a means of identification because, with the
introduction of the Pilot’s Indicator in A.I.. it was necessary for pilots of
single-seater aircraft to be able to home to the beacon. The method of coding
evolved by the T.R.E. was achieved by variation of the pulse width, the coding
cycle being 20 seconds of continuous narrow pulses followed by 10 seconds of
Morse indicated by a wider pulse. This was known as * width ' coding.‘
the date of the conference functional prototypes at the T.R.E. had given
satisfactory performance but neither beacon was in production.®

At

It was obvious that development of suitable A.I. and A.S.V. beacons would
take time and interim beacons were needed to fulfil immediate requirements
of the operational commands. It was therefore suggested that I.F.F. Mark IlG
sets, modified to the design of the T.R.E., be used until final beacons
production.

.  were in

The interim A.l. beacon, known as TR.3H0, was arranged to
receive and transmit on different frequencies. It was battery-operated and
a coding device was included. A simple aerial system of vertical dipoles
needed as an addition fo the I.F.F. set. The interim A,S,V. battery-operated
beacon, known as TR.aill. consisted of I.F.F. Mark IIG equipment modified
to receive and transmit on the same frequency and to include a coding device.
Production contracts for 50 A.l. and 60 A.S.V. interim beacons were placed
with the firm of Cossor in May 1941 and delivery was expected to begin the
following month.* By May 1941 work on the final type beacons had proceeded
so well that development contracts for the manufacture of three prototypes of
each beacon were placed with the firm of Murphy. Production contracts for
100 .\.l. and 120 A.S.V, beacons were placed, provisioning being on the scale
of one main and one standby equipment for each site, plus 100 per cent spares. ••
On 21 May 1941 technical supervision of the manufacture and installation of the
beacons, both interim and final, was undertaken by the R.A.E. on the
instructions of the Ministry of Airaaft Production.®

was

The provision of monitor units for both A.l. and A.S.V, beacons was important
because the success of the beacon chain depended upon full efficiency. The
T.R.E. developed a common form of interrogator type monitor. The monitors
for the two beacons were identical except for the setting of the HF cirauts
which were tuned either to A,S,V, or A.l. frequencies. The apparatus consisted
of a small variable frequency pulse transmitter,  a simple receiver covering the
same frequency band, and a cathode ray tube of about three inches diameter
with a high speed time-base. The apparatus had its own aerial system and
power supply.® In May 1941 a contract for 110 monitor units was' placed with
the firm of Marconi Ekeo Instruments, the astimated cost of production beine
£11,000.’ ®

‘ M.A.P. File SB.2456. • A.M. Fi]eCS,J68I0.
» 120 I.F.F. Mark IIG equipmenta were diverted from the firm of Ferranti to that of

CosBor for modification.

/.in AAA A.S.V. beacons was ,£42.000 and that of the A.l. beacons
£40,000.

• M.A.P. File SB.2456. •M.A.P. FileSB.121ie. ’ M.A.P. File SB.2456.
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Production and Installation

During the early summer of 1941 progress was made with the beacon scheme.

Increasing use was made of the temporary beacons and by the beginning of
July 1941 the 16 original experimental A.S.V. beacons built by Ferranti were
all installed and operating at Coastal Command units. Six temporary A.I.
beacons were operating in Fighter Command and, in addition, the command had
built some models from its own resources. Work on the interim beacon

programme was not as speedy as had been anticipated, difficulties with the
coding meciianisra in both types being the chief cause of delay. By the end of
June 1941 seventeen interim A.S.V. beacons had been delivered to the R.A.E, for

preliminary testing before redistribution to beacon sites, and one prototype
installation had been started at St. Eval. Sixteen interim A.I. beacons had been

delivered to the R.A.E. for testing.^

In August 1941 Headquarters Coastal Command drew up a comprehensive
scheme for the provision of A.S.V. beacons covering the west, north, and east
coasts of the United Kingdom. In several places, to complete the screen, the
chosen sites had to be located away from Coastal Command stations, at other
RDF sites. During the winter of 1941/1942 Headquarters Coastal Command
submitted to the Air Ministry priority lists of sites for final A.S.V. beacons.
They were also required overseas, at Malta, Alexandria, Suez, Aden, Basra,
Karachi, Trincomalee, and Singapore. These sites all required beacons operating
on 176 megacycles per second but in December 1942 arrangements were made

to provide a chain from Chivenor to Thomey Island via the Scillies of six
responder beacons operating on 214 megacycles per second for the use of

aircraft equipped with L.R.A.S.V. Headquarters Fighter Command also

expressed its beacon requirements in August 1941. Homing beacons were

required at all night fighter airfields at home and overseas, and patrol marker
beacons at certain points to fill gaps left in the airfield chain.*

Installation of interim-type beacons proceeded during the summer and

autumn of 1941. Although the first prototype interim A.S.V. beacon was

installed at St. Eval at the beginning of June 1941, full flight tests were not held
until September because of bad weather and operational activity. When
flight tests were eventually held performance was found to be satisfactory.
The first installation was carried out by members of the R.A.E. staff and

thereafter by trained personnel from Coastal Command. The production of
interim beacons continued to be steady and by the end of October 1941, 24
stations in Coastal Command had been supplied with A.S.V. beacons, either the
original Ferranti experimental models or interim Cossor modified I.F.F.
Mark IIG sets, whilst A.I. beacons had been installed at several Fighter
Command airfields.*

The first prototype final-type A.S.V. beacon was delivered in November

1941 to the T.R.E., wliere laboratory tests were carried out. It was then installed

at the Telecommunications Flying Unit, Hurn, where flight tests with Beaufort
and Hudson aircraft were held. The beacon operated satisfactorily and full
type approval was recommended, subject to certain nunor modifications.* In
February 1942 full type approval was given to the A.S.V. and A.I. beacons.® In

April 1M2 delivery commenced of the final-type A,I. beacons and by the
following month the replacement of interim versions had begun. The final A.I.

»Xm. File S.4540. »M.A.P. Pae SB.l2U7.• M.A.P. File SB.2456.

• AJ4. File CS.16810.* M.A.P. File SB.2456.
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beacon was known as TR. 3107. It comprised a single-channel wide-band
superheterodyne receiver covering 188 to 193 megacycles per second and two
transmitters, one mains-operated and the second, provided as a standby,
battery-operated. The transmitters used two valves Type VR. 135 giving
35-watt pulses on 195 megacycles per second ; the duplicate transmitter also
responded on 197 megacycles per second. The beacon was mounted on a
si.x-foot r^k and was mains operated from a 50-cycle AC supply. Up to 10.000
separate intOTogating pulses per second could be accepted. With A.I. equip
ment operating at a pulse recurrence frequency of 800 cycles per second, up to
12 aircraft could interrogate the beacon at the same time. Coding of pulse
width between 2 and 75 micro-seconds or gap coding by a neon-timed relay unit
was available. Vertical polarisation was used, to conform with existing A.I.
practice. The aerials were three separate vertical dipoles stacked above each
other in order to obtain all-round reception. One aerial was connected to the
receiver and one to each transmitter. Delivery of the final-type A.S.V. beacon
also began in April 1942. This consisted of a super-regenerative  receiver with
automatic gain stabilisation. The receiver output triggered two oscillators,
of which gave a pulse about 25 micro-seconds long on 176 megacycles per second
and the other a pulse about 10 micro-seconds long on 173*5 megacycles per
second. The purpose of the ‘ off' frequency response on 173*5 megacycles per
second was to provide aircraft with a beacon signal free from ground returns at
short ranges up to about 20 miles. Up to 5,000 separate interrogating pulses
per second could be accepted without over-interrogation being experienced.
With A.S.V. transmitters operating on a pulse recurrence frequency of about
400 cycles per second, up to 12 aircraft could interrogate the beacon at the
same time. The beacon was erected in a cabinet 3 feet 6 inches high containing
the beacon itself, a neon-timed relay-operated coder which provided ' gap ’
coding, and a power pack of 50-cycle AC with a separate switch panel; its
pulse power output was 8 watts. The aerial system was divided into two stacked
arrays; one for reception and transmission on 176 megacycles per second
and the other for transmission on 173*5 megacycles per second. Each array
consisted of four horizontal driven elements and four reflectors.*

one

In June 1942 contracts for a further 180 A.S.V. and 70 A.I. beacons were

placed. In that same month the Admiralty placed a contract for 20 A.S.V.
beacons, modified to operate on2I4 megacycles per second, in order to establish
beacons for naval use at home and abroad.* A few months of operation of the
final-type A,I. beacon showed that its performance was very satisfactory. In
October 1942 it was reported that orders for it were being extended ; 103 sets
had been delivered and a contract was placed for  a further 95 sets.® By June
1943, 180 final A.I, beacons had been produced and 76 installed at Fighter
Command sites,* Operation of the final A.S.V. beacon was not So successful;
its performance was poor and it required careful setting up. On 13 October
1942 the R.A.E. was instructed to investigate the reason for the failure and the
firm of Murphy Radio was instructed to stop work on the beacon until the new
TR unit Type 5 was available for incorporation. Again in November 1942
complaints were received of instability in operation. The R.A.E. recommended
several modifications and advised that a superheterodyne, instead of a super-
regenerative. receiver should be used. Investigation into the performance of
‘ A.H.B./II/54/8S.
‘ .'i.M. FUe CS.19143.

'M.A.P. FUeSB.2456. ’ A.H.B./II/54/85.
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the beacon was also undertaken at the X.R.E. Further nioditications were

advised.’ In December 1942 it was decided that the ‘ off ‘ frequency response
on 173-5 m^acydes per second was not necessary or desirable. Therefore the
‘ off' frequency aeries and feeders were deleted from the installation. The
' on' frequency pulse width of 20-30 micro-seconds was considered excessive
and it render^ accurate short-range homing impossible. It was agreed that
the ‘ on' frequency pulse width should be reduced to 7-10 micro-seconds.* By
January 1943 120 A.S.V. beacons had been delivered but only five had been
installed because of their poor performance; others awaited mo^fication before
installation.® Trials of the beacon modified in accordance with the recommen

dations of the T.R.E. and the R.A.E. were held at the T.F.U., Defford, and at

a meeting at the Air Ministry on 6 February 1943 it was reported that the R, A.E.
modifications had resulted in the better range performance. It was therefore

decided that these be incorporated. However, performance of the beacons

continued to be the subject of complaints and in May 1943 R. A.F. Wick reverted
to the use of the interim type in preference to the final type. On 16 June 1943
R.A.E. representatives visited Wick to try to discover the cause of poor
performance. Flight tests using Anson aircraft from the B.A.T. Flight, Leuchars,
were made. The main trouble was found to be due to poor setting up of the
aerial systems and the R.A.E, recommended that whenever a final-type beacon
was unsatisfactory in operation the aerial systms should be completely
overhauled. A mismatched aerial system spoiled receiver sensitivity.* During
the spring and summer of 1943 work at the R.A.E. was directed at producing
an improved A.S.V. beacon. The improved version of TR. 3112, incorporating
the R.A.E. improved TR unit, was known as TR. 3213. It was mains-operated
and employed a superheterodyne receiver. It operated with A.S.V. Mark II
but was not sensitive enough for SCR. 729 and Lucero. A contract for 263

sets was placed in the autumn of 1943.®

Installation of the experimental and interim beacons was carried out by
personnel of the commands concerned under the supervision of the R.A.E.
In Marcli 1942, however. No. 26 Group was made responsible for beacon siting
and installation although general direction was still exercised by the R.A.E.
The final-type beacon installation consisted of a hut containing a inains-operated
beacon, a standby (duplicate) beacon, a monitor unit and a standby power
supply (battery). Three poles carried the aeriad system for an A,I. beacon and
four for an A.S. V. beacon.® In July 1942 it became obvious that the installation
of responder beacons in Fighter and Coastal Commands was not proceeding
satisfactorily. Considerable confusion existed as to the responsibilities of the
various departments concerned. The final-type beacon programme was urgent
because the interim beacons had been operating 24 hours a day for much longer
than was originally intended and were beginning to wear out, A meeting was
therefore held at the Air Ministry on 16 July 1942 to discuss the problem. It
was agreed that the existing system whereby the Air Ministry gave approval
and issued erection orders for each separate beacon site was too cumbersome.
It was agreed that general instructions be issued by the Air Ministry: the
stations concerned should choose the sites. These should be approved by
command headquarters and notified to the Air Ministry. Works services were

‘M.A.P. File SB.iane Part li.

• M.A.P. File SB.12117 Part 11.

» A.M. File C.30400/46.

> M.A.P. File SB.12117 Part 11.

•A.M. File CS. 16810.
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to be the responsibility of command headquarters. Technical installation
to be carried out by No. 26 Group* Servicing was to be the responsibility of
local RDF personnel aided by visits by R.A.E. liaison staff officers at intervals
of about six months. This scheme was adopted.^ On 30 September 1942
arrangements for servicing were changed. Routine servicing remained the
responsibility of station personnel; they were to carry out minor repairs
including component replacement. Major servicing and repairs beyond unit
capacity were entrusted to No. 26 Group.®

Separate Band Beaconry
The early development and use of responder beacons tended to be unco

ordinated ; beacons were designed and manufactured on an ad hoc basis
according to the type of aircraft installation with which they were to work.
The original conception was that beacons were devices working in direct
association with the main airborne search or interception radar installations in
the Ifmetre band; their use was thus restricted to one type of interrogator.
The early beacon scheme had many disadvantages. In the first place, it lacked
flexibihty in that aircraft of one command were unable to use the facilities
provided by another. Secondly, the rapid development of many different forms
of aircraft radar on frequencies varying from 47 to 10.000 megacycles per
second rendered impracticable the existing plan of devising a different beacon to
work with every type of aircraft installation. Thirdly, the introduction of
I.F.F. Mark III covering the frequencies from 157 to 187 megacycles per second
affected the existing beacon scheme because of the danger of overloading the
wave-band. By the spring of 1942 radar beacons had outgrown their purely
local application and some policy decision was required. On 11 March 1942
the RDF Board invited the Air Ministry to set up  a panel to consider the problem
of responder beacons and to make recommendations to the Board on the
possibility of arriving at a comprehensive beacon policy. A Responder Beacon
Panel was therefore set up and the first meeting was held on 8 April 1942 at
which representatives of the Air Ministry, Admiralty. War Office. U.S. Navy,
the T.R.E.. R.C.A.F.. Headquarters Coastal Command, and Headquarters
Fighter Command were present.® It was stated that beacon facilities were
required for aircraft fitted with A.S.V, and A.I. and surface vessels fitted with
RDF. The T.R.E. opposed the existing scheme for developing a new type of
beacon for each type of RDF apparatus and in a paper submitted to the panel
in May 1942 recommended a final comprehensive beacon scheme in which the
beacons operated on a frequency band set apart for that purpose. This scheme
advocated by the T.R.E. was known as Separate Band Beaconry (S.B.B,).
The wave-band suggested at that date was from 700 to 800 megacycles per
second. The adoption of Separate Band Beaconry would, confer two main
advantages ; first, a system of universal beacons and interrogators would enable
aircraft of one command to use the homing and navigation facilities of the others;
secondly the choice of a wave-band separate from that used by I.F.F. Mark III
would avoid congestion of the interrogation services.-* The T.R.E. considered
that at that date RDF technique was sufficiently far advanced for a beacon of
adequate power to be developed and that such a beacon could provide many
facilities. These included homing to airfield beacons and transportable ground
marker beacons, beam approach, navigation and blind bombing using two

»M.A.P. File 86.12117 Part 11.
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transportable ground beacons, homing to shipborne beacons, and homing to
Rooster beacons installed in an aircraft.* As a result of discussions held at the

second meeting of the Responder Beacon Panel on 13 May 1942 the panel
recommended for consideration by the RDF Board the ideas submitted by the
T.R.E., namely that a final universal beacon scheme operating on a separate
band should ultimately be adopted for all craft requiring beacon facilities. As

a suitable beacon required considerable technical development the panel
proposed that the existing policy of individual beacons for each type of airborne
apparatus should meanwhile be retained, and application be made to the
Wireless Telegraphy Board for the frequency band 900 to 1,100 megacycles per
second to be allocated for the exclusive use of responder beacons.* The RDF
Board recommended adoption of the proposals to the Combined Co-ordinating
Committee, who directed that the Aids toNavigation Committee should formulate

a policy on the subject. In November 1942 the A.N.C. recommended that a
universal beacon system be incorporated in I.F.F. Mark V. There was some

difficulty in persuading the U.S.A. to combine Separate Band Beaconry with
I.F.F. Mark V ; the U.S. Navy was particularly opposed to the scheme. The

Ministry of Aircraft Production believed that I.F.F. Mark V was inseparable
from S.B.B, and proposed that the name United Nations Beaconry be given to
the project. Part of the difficulty experienced in obtaining agreement on the
U,N.B, scheme lay in the opposing views held on I.F.F. The possibility that
the enemy might obtain an I.F.F. Mark III equipment, manufacture exact

copies, and install them in his aircraft and ships, thus confusing the whole
identification system, was causing grave concern in the U.S.A., where proposals
were made to abandon the I.F.F. Mark III programme in favour of the American

system I.F.F. Mark IV. The British view was that the security of I.F.F. Mark IV
was equally vulnerable operationally, and the British Chiefs of Staff were
convinced that the highest priority should be given to the development and
production of I.F.F. Mark V combined with U.N.B., and they thought that
work on I.F.F. Mark IV should, if necessary, be abandoned.® The whole

question was discussed by the RDF Board in January 1943 when it was

considered that an integrated scheme was very important and suggested that
scientists in the United Kingdom engaged on development of I.F.F. and research

on S.B.B. should go to the U.S.A. to work under American direction on I.F.F.
Mark V/U.N,B.«

The proposal was accepted and a team from the T.R.E. went over to the
United States in 1943 and worked in conjunction with American scientists on

the I.F.F. Mark V/U.N.B. research and development programme. In spite
of expressed doubts of the wisdom of the scheme development continued

throughout 1943, but by the middle of 1944 it became clear that, even with

'M.A.P. File SB.37282. Royal Air Force Signals History, Volume VI : ' Radio in
Maritime Warfare for details of Rooster.

* A.H.B./1I/S4/8S.
* See Royal Air Force Signals History. Volume V ;  ' Fighter Control and Interception

Appendix No. II for details ol the I.F.F. Mark V scheme.
* Throughout 1942 the T.R.E. had continued experimental work on miniature responder

beacons operating on frequencies of about 1.000 megacycles per second for theS.B.B, scheme.
By November 1942 one had been developed which consisted of a super-regenerative receiver
with automatic gain stabilisation and pulse amplifter stages driving a self-oscillator
transmitter. An RF amplifier stage was used to isolate the transmitter from the receiver
when a common aerial was used. It was intended that the beacon should rely on a
miniature concentric triode valve then being developed at the C.E.C, laboratories.
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increased priority, I.F.F. Mark V would not be available for use during the
war. In September 1944 the Combined Communications Board recommended
that I.F.F. Mark III should remain the universal identification system whilst
research, development, and production of I.F.F. Mark V/U.N,B. were hastened.
Tills policy was accepted by the Combined Chiefs of Staff but hostilities in
Europe ended before I.F.F. Mark V/U.N.B. was ready for introduction. In
September 1945 research work on the scheme ended.*

Standardisation and Installation of Metric Beacons

In the meantime, after a decision had been made in favour of a beacon
system operating on an entirely separate band and while research on S.B.B.

progressing, an interim separate band beacon system had to be found.
The Air Ministry continued to favour the provision of A.S.V. and A.l. beacons
as homing and navigation aids for aircraft of Coastal and Fighter Commands,
but the primary disadvantage of this sclieme whereby aircraft of one command
were denied the facilities of another was still effective. In May 1943 the
wisdom of providing a universal homing beacon was again stressed and the
Ministry of Aircraft Production recommended the general use of Eureka
Mark II as an interim separate band beacon system. Eureka Mark II was a
responder beacon normally used in conjunction with an airborne radar
interrogator called Rebecca to guide aircraft to  a selected spot where supplies
for partisan organisations or parachute troops were to be dropped. Eureka
Mark II appeared to have many advantages over A.S.V. and A.l. beacons,
was designed specifically for use as a beacon as opposed to equipment
designed primarily for identification purposes. It had a high standard of
frequency stability, and its efficient power unit gave longer duration of
operation than was obtained with modifications of I.F.F. It had greater
transmitter power and receiver sensitivity than the existing beacons, and it
embodied five preset channels for transmitting and receiving which could be
selected manually, whilst it was equally adaptable with suitable frequencies
for use with A.l. Marks IV and V (193 megacycles per second), A.S.V. Mark II
(176 megacycles per second), Mark VIII interrogator (183 megacycles per
second), Rebecca Marks 1, 11 and III (214 to 234 megacycles per second),
and Lucero Marks I and II (173-5. 176, 214, and 219 megacycles per second),
and It was readily adaptable for B.A.B.S. The introduction of Lucero
metric interrogator with centimetric airborne radar increased the need for an
improved beacon because the ranges obtained with Lucero against the early
beacons were quite inadequate. A beacon with greater power and sensitivity
was required, and Eureka was sensitive enough to fulfil operational require
ments.* The development of B.A.B.S. was closely allied with that of beacons,
and when in 1943 the T.R.E. began development of  a universal wide-band
B.A.B.S. suitable for all commands, complementary development of a beacon
system was comparatively easy to fit in. There were, however, disadvantages
in using Eureka Mark II in its existing form. It lacked any means of giving
automatic coding r^ponses for station identification. Existing coding
„  . 1** September 194S the Inspector General's Air Traffic Control
1 racticw committee recommended that Eureka beacons o( a suitable variety should be
installed lor standard use, in conjunction with Rebecca Marks II and IV modified to
provide pilots ^'Stenw. homme and orbiting information, at all airfields provided with
B.A.B.b. Mark 11 (A,H.B,/IlK/&/94. Radar and W/T Ground Policy).
»A.M. FileCS.19143.
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' A.M. File .5.22941.
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facilities were for manual operation only so the addition of an automatic coding
unit was essential. Also considerable development was required to provide
one beacon unit operating on several frequencies, and for permanent installa
tions a power unit was required to work from an AG mains supply.

A meeting was held at the Air Ministry on 21 May 1943 to discuss the

standardisation of future l|-jnetre beacon systems. A requirement for
complete frequency coverage from 173 to 234 megacycles per second was
stated. On 1, July 1943 the Ministry of Aircraft Production instructed the

T.R.E. to proceed on top priority with the development of modifications and
additions to Eureka Mark II for use as a homing beacon. As an interim
measure, three versions were recommended, one for Fighter Command, one
for Coastal Command and one for the Tactical Air Force. The T.R.E.

considered it impracticable to use Eureka Mark 11 as a basis for development
of one beacon to cover all requirenjents; such development would be lengthy
as it involved the incorporation of several separate tuned circuits. Interim
development of different versions of Eureka Mark 11 for use as homing beacons
began at the T.R.E. in the summer of 1943; each equipment was modified to
produce a single-frequency beacon. In August 1943 this work was sufficiently
far advanced to enable a development contract to be placed with Murphy
Radio. Type approval was given in October 1943 and in that month
Masteradio were instructed to convert 200 Eureka Mark II on their production
contract into transportable single-frequency homing beacons, using develop
ment models from Murphy Radio as prototypes.^ One hundred of these were

converted to operate on 176 megacycles per second (Eureka Mark IIC) for
Coastal Command and 100 on 193 megacycles per second for Fighter Command
(Eureka Mark IlF). Also, a further 205 Eureka Mark II were to remain on
the frequency band 214 to 234 m^acycles per second for installation as homing
beacons for use with Rebecca and Lucero. These were installed at Bomber

Command, Transport Command and Tactical Air Force locations. Another

problem in the development of a standard homing beacon was the provision of
an aerial system suitable for vertical and horizontal polarisation. The R.A.E,
undertook experimental work on an aerial system in the summer of 1943.
Finally a system was evolved whereby verticsd polarisation for A.I. interrogation
was obtained by dismantling the reflectors used on the A.S.V, array, rotating
the dipoles through 90 degrees in a vertical plane, and moving the feeder
connection which was common for either service.

By the autumn of 1944 the increasing operational use of homing beacons
made the inherent disadvantages of the individual beacon systems even more
apparent. Coastal Command and Fleet Air Arm beacons operated in the
wave-band from 173 to 177 megacycles per second and used horizontal

polarisation ,* Fighter Command beacons operated in the 190 to 197 megacycles
I per second band with vertical polarisation; Bomber Command. Transport
Command and Tactical Air Force beacons operated on frequencies of 214 to
234 megacycles per second with vertical polarisation. By that time, too,
considerable use was being made of I-FJ". Mark III and it was considered
unwise to allow any transmissions to be made in that frequency band (157 to
187 megacycles per second) which were not directly essential for the identifica
tion system. The widespread use of 176 m^acycles per second beacons and
corresponding aircraft interrogator transmissions added to the clutter in the

• A.M. Fite CS,19143.
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I.F.F. band. As a result of experience gained during development work
the use of Eureka Mark II as a universal homing beacon the T.R.E. suggested
in October 1944 that all beacon systems be transferred to the 214 to 234

on

mega
cycles per second frequency band. This meant that beacons being used i._
Fighter and Coastal Commands and in the Fleet Air Arm would need to be
replaced and aircraft equipment would have to be made capable of interrogating
the new beacons. The T.R.E. considered that if one band was used for all
beacon purposes, the development of a single installation for beam approach
would be much easier. At a meeting at the Air Ministry on 25 October 1944
the requirements of the various commands for beacons in the l^-metre band
were discussed. The general opinion was that a standard beacon system in
the 214 to 234 megacycles per second band should be adopted. In that band
20 channels were available if the various combinations of the five transmitting
and receiving frequencies were used. Six ground installations, B.A.B.S. and
beacons, could be operated in a circle of 10 miles radius and repeated in an
adjacent circle. This did not fully meet the requirements of U.K. airfields but
was possible for the Pacific area, where airfields were not closely clustered. In
November 1944 the Air Ministry decided that Eureka Mark II was to be
regarded as the standard radar beacon in the If metre band and was to be
widely fitted, replacing where possible the Coastal Command beacon operating
on 176 megacycles per second. Where it was essential to retain the A.S.V.
beacon Eureka Mark II was to be installed additionally. A standard interro
gator was also required and Rebecca Mark VI was to be regarded as the
standard If metre interrogator for Coastal and Bomber Command aircraft.»
This policy was slowly implemented from that date and by January 1945
A.S.V. and A.I. homing beacons were being superseded by variants of the
Eureka beacon. In Coastal Command Eureka Mark IIC, operating on a spot
frequency of 176 megacycles per second with horizontal polarisation, was used.
In Fighter Command Eureka Mark IIF, operating in the band 190 to 193
megacycles per second with vertical polarisation, was installed.®

m

Operational Use of Beacons Overseas

The policy for the installation of A.S.V. responder beacons overseas was
similar to that followed in the United Kingdom. They were set up at bases
where homing facilities were required for aircraft equipped with A.S.V. The
first A.S.V. beacon set up outside the United Kingdom was an early Ferranti
model installed in Iceland in the spring of 1941. When interim-type beacons
became available they were set up at bases where required and were eventually
replaced by final-type beacons. In April 1942 interim A.S.V. beacons were
despatched to Takoradi for use on the ferry route, A.H.Q. Malta, A.H.Q. Middle
East, A.H.Q. India and A.H.Q. Gibraltar. Beacons were set up in the Azores
during 1943. In January 1943 the Air Ministry decided to establish a chain
of eight A.S.V. beacons in North-West Africa ; this requirement was met by
I.F.F. Mark IIG sets modified at the R.A.E. By March 1944 the replacement
of interim by final beacons was in progress. In the Middle East four were
held, two of which were operating at Shallufa and Gianaclis. Air Command,
South-East Asia had six beacons, one of which was operating at Santa Cruz!
There were nine in West Africa, of which one was operating at Aberdeen, one'
at Takoradi, two at Apapa and two at Pointe Noire.

> A.H.B./IIK/8S/94.

There were no A.S.V.

‘ A.M. File C.30400/46.
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Deacons in East Africa or in the central and western Mediterranean area. At

the beginning of 1945 there were A.S.V. responder beacons at Bahrein, Karachi.
Jiwani, Habbaniya, Calcutta and Sharjah.^ A.S.V. and A.I. beacons were
used as navigation aids in 2nd T.A.F. In March 1945 an A.S,V. beacon was

installed on the tower of Blankenberghe Casino. It was specially beamed to
serve Coastal Command Swordfish aircraft of No. 119 Squadron operating from
Knocke, and also marked the entrance to the safe corridor through the Scheldt.
A.I, beacons were operated in the assault area during the Allied landings in
Normandy. Centimetric A.I, beacons were also used in the Mediterranean

Allied Air Force by Beaufighter aircraft equipped with A.I. Mark Vlfl.*

Centiroetric Beacons

Responder beacons were originally developed to work in conjunction with
IJ-metre aircraft radar* installations, and when the wavelength of these
equipments vvas changed to the centimetric band, the addition of an attach

ment, Lucero, to the main radar equipment was necessary to ensure that beacon
facilities remained available, Even before centimetric aircraft radar was intro

duced into Service use experimental work on the design of a responder beacon
to operate with it began. TheT.R.E. was engaged on this project in the autumn
of 1941 and by the beginning of December a model was ready for development.
It transmitted on a frequency of 3,300 megacycles per second and amplitude
modulation at a frequency of four megacycles per second was provided. Although
this experimental version was designed for centimetric A,I. the T.R.E. believed

it could be adapted for use with A.S. V. A development contract for six beacons

was placed with the firm of Murphy Radio on 31 January 1942. At the end of
March the development contract wasincreased to twelve models. No production
contract was placed at this stage. The Ministry of Aircraft Production was
reluctant to take such a step because it was not then certain that a system of
centifnetric beacons would be set up on a large scale comparable with the
existing chain, and stated in April 1942 that no contract would be placed until it
was known that no alternative scheme would be adopted. The T.R.E., on
the other hand, urged that a production contract be placed because A.I.
Mark VIII was designed for use with centimetric A.I. beacons, and as the
A.I. Mark Vlll production and installation programmes were planned to
re-equip almost the whole of the night-fighter force with centimetric A. I. the need
for widespread centimetric beacon coverage was obvious. At the Air Ministry
it was feared that no beacons would be available to give navigation and homing
facilities when A.!, Mark VIII was introduced in Fighter Command, and in
May 1942 financial sanction was requested for the provision of 100 centimetric

A.I. beacons.® In June Treasury approval was given and on 4 September 1942
the contract was placed with Murphy Radio. During the summer of 1942 slow
progress had been made on the development contract and. in spite of attempts
by the T.R.E, to speed progress, the firm considered that the first prototype
could not be made available before September. The delay was attributed to
the Air Ministry failure to place a production contract earlier, resulting in an
inability to obtain supplies of the requisite materials. On 3 September 1942 the
first prototype was delivered to the T.R.E., who suggested several modifications

» A.M. FUe C,30400/46,
’ The estimated cost of each beacon was j£850, including provision for spares and test
‘A.M. FUe C. 16193/44,

gear.
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for incorporation in the production models. Chief of these was the substitution
in the transmitter of a klystron for the magnetron valve because of difficulties
in the supply of the latter. Also the receiver unit had to be redesigned. The
modifications retarded completion of both the development and production
contracts but a second prototype was delivered in December 1942.^

Although in May the Air Staff had been prepared, in view of the urgency
of the requirement, to accept the beacons without full operational trials, the
development model was installed at the F.I.U., Ford, on 24 December 1942,
and on 25 January 1943 trials were begun with k.Beaufighter equipped with
A.I. Mark VIll. By 6 March 1943 six major breakdowns and eleven other faults
had occurred, and performance was unsatisfactory until after the sixth flight.
From then until the thirtieth flight results were good with maximum ranges
of up to 80 miles. After that, performance deteriorated, maximum ranges of
about 30 miles only being obtained. It remained unsatisfactory until the fifty-
fourth flight, when a maximum range of 71 miles was obtained, and after that

ranges were very satisfactory, It was found that when flights
made towards the beacon at a constant height from  a considerable distance
certain well-defined fading points existed. These were caused by the existence
of gaps in the vertical field of radiation of the beacon. The fading periods
quite large at certain ranges but in practice they did not detract from the
usefulness of the beacon as the signal always reappeared if the aircraft
kept on the same heading. It was also found that good results were obtained by
four aircraft equipped with A.I, Mark VIII and several equipped with A.I.
Mark VII when flying at the same time.« The T.R,E. considered that the faults
and breakdowns which occurred were not excessive in view of the fact that the
beacon was the first development model and was operated 24 hours a day.
Most of the early troubles were due to faults in the valves and performance
of these was improved by the addition of a specially designed switching unit.
By the middle of May 1943 all the faults which could be attributed to bad
design had been cleared.

maximum
were

were

was

During the summer of 1943 production on both
development and main contracts made progress and by August 1943 installa
tions were completed at West Mailing, Bradwell Bay, Goltishall, Ford. Scorton,
Exeter, Middle Wallop and Acklington,3 On 8 August 1943 a production
version of the centimetric A.l. beacon, employing  a klystron instead of a
magnetron transmitter, was installed at the F.I.U,'* This beacon gave good

-j in operational conditions and provided adequate homing facilities.
Maximum range was about 60 miles at all heights from 3,000 feet upwards.®
service

Scientists were also engaged on the development of centimetric beacons i..
the U.S.A. In 1942 two centimetric beacons for use with centimetric A.S.V,
were built at the Radiation Laboratory, Massachusetts Institute of Technology
In September 1942 Mr. J. E. Clegg, of the T.R.E.. visited the M.I.T. for five
months to study the centimetre beacon situation in the U.S.A. He made
several recommendations for the standardisation of British and Americai
‘ M.A.P. File SB.a416a

’M.A.P. File SB,34160.

* The ae.rial system consisted of a rectangular structure 4 feet 6 inches suuare 3 feet
“  _^ighing 280 pounds, It had to be mounted IS feet almve '
A.M* File CS.I4664»

» A.H.B,/K/54/93(A). F.I.U. Report No. 219.

in

« A.H.B./n/.54,«3(A). F.I.U. Report No. 188.
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centirnetric beacoiis, most oi which were adopted. In January 1943 one
of the experimental beacons was sent to the United Kingdom for operational
trials at Beaulieu, Its crystal video receiver operated over the range 3.300
megacycles per second plus or minus 33 megacycles per second and incorporated
a discriminator which could be set so that only pulse widths in excess of two
micro-seconds would trigger it. The beacon transmitter valve, a magnetron,
was selected for frequency and then pulled by a stub tuner to 3,256 megacycles
per second plus or minus three megacycles per second. The beacon transmitter
was powerful but the receiver was insensitive, and, as a result of recommenda
tions made after operational trials at Beaulieu, the production beacons, 250
of which were manufactured in the U.S.A. by the firm of Philco, were built with
superheterodyne receivers, with which performance was improved. In March
1943 the experimental beacon was sent from Beaulieu to Port Lyautey,
Morocco, for operational use by aircraft of the U.S.A.A,F, eng^ed on anti-U-boat
duties,^ In the autumn of 1943 six American centlmetric beacons were sent

to the United Kingdom. Two were installed in the Scilly Islands, one at
Dunkeswell, one at the T,R,E. for experimental purposes, and two at Alconbury
for the use of bomber aircraft of the United States Eighth Air Force.® The
authorities in the U.S.A. embarked on a relatively large production programme,
the intention being that aircraft equipped with centimetric radar would use

centimetric beacons, thereby permitting the removal of the special beacon
interrogators from aircraft. There was no latge-scale prodpction in the United
Kingdom.® No further contracts were placed but during 1943 and the first
half of 1944 installation of British A.I, centimetric beacons was continned where

required at Fighter Command airfields. In June 1944 it was officially stated
that the Air Ministry policy was to make use of American beacons where avail

able, provided that too much modification was not involved.* The R.A.F.
made a reciprocal agreement with the U.S.A.A.F. to install the beacons in
theatres under R.A.F. control in which U,S.A,A.F. aircraft operated. In the
summer of 1944 there was a renewed interest in the R.A.F. in centimetric

beaconry, principally in Coastal Command, where there was a requirement for
centimetric beacons at bases used by American aircraft with no IJ-metre
interrogators. This requirement was limited to six dual installations, and was
met by American production of centimetric A.S.V. beacons,® At that date the

intention was that all types of responder beacons then in use in the R.A.F. and
U.S.A.A-F, should be replaced eventually by I.F.F. Mark V/U.N.B. when that
had been developed. In March 1945 the Air Ministry again reviewed the beacon
programme. It was believed that the use of centimetric responder beacons
could be developed to include airborne use for identification, as an airborne ■

beacon, and as a ‘ power responder' for increasing the range of ground radar.
For the rest of the war requirements for A.I, centimetric beacons were met
from U.K, production. At Coastal Command in the United Kingdom
centimetric beacons were provided from American sources for use by American
aircraft in Coastal Command and by U.S. Navy aircraft operating from those
bases.

* A.M. File C.3060iy46. »A.M. File C.30400/4e.

»A.M. File C.30400/46.

* M.A.P. File SB,34160.

‘ M.A.P. File SB.34160.
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CHAPTER 12

REBECCA/EUREKA

The Rebecca/Eureka System was a combination of an airborne radar
interrogator, Rebecca, and a ground responder beacon, Eureka, whereby
aircraft could pinpoint a target.^ From the information given by responses
shown on the Rebecca indicator an. aircraft could home from approximately
50 miles to the portable Eureka beacon with an accuracy of about 200 yards.
The Eureka beacon had no controls and could be left unattended. The operation
of the airborne apparatus was simple and required only one man an addition to
the pilot. Timing of the aircraft's arrival over the target could be gauged fairly
accurately because Rebecca indicated both the range and direction of Eureka.

The system was developed from the early wartime use of radar ground
responder beacons interrogated by airborne apparatus for identification, and
homing purposes. Experimental work began in the early days of the war but
lapsed until 1941, when the Telecommunications Research Establishment '
asked to provide radar target-finding equipment for aircraft employed by
organisation set up to drop supplies and agents to partisan groups in occupied
Europe. The T.R.E. developed Rebecca from A.S. V. Mark H and Eureka from

I.F.F. beacon.^ At first Rebecca^ureka was used to mark dropping points
for supplies and agents for the resistance movements, but its use was later
extended to marking dropping zones for airborne forces. It was also used as
a means of re-supplying army units in isolated spots, cut off from normal supply
routes. Rebecca had uses other than target identification. It provided homing
and beam approach facilities. The fact that it was an airborne radar interrogator,
independent of any other radar system, meant that it could be used by aircraft
not already equipped with a main radar installation. A navigation system,
known as Rebecca-H, was develojjed from Rebecca aircraft equipment to assist
photographic reconnaissance aircraft in the location of targets in enemy-occupied
territory.

The various Marks of Rebecca were developed as appropriate to the uses to
which they were put. Rebecca Mark I was designed solely for experimental
work and preliminary trials, as was Eureka Mark I. Later Marks of Rebecca
provided a choice of five frequencies. Rebecca Mark 11 was the standard
installation in powered aircraft and Rebecca Mark III in gbders. Rebecca
Mark IV was a light-weight version of Rebecca Mark II but provided facilities
for interrogation of LF.F., as well as of Eureka, other radar beacons, and B. A.B.S.
Rebecca Mark VI was a complete interrogator set, embodying Lucero Mark II.
a^i^as originally intended to replace Rebecca Mark II. Rebecca Mark IV
‘ It is believed that the code name Eureka was given to the ground beacon after the

Greek word mining ;i have found if and that Rebecca was derived from R.B.C.A.
(Kadio Beacon Control Approach) although it is possible that Its choice was also influenced
by the name of the woman in the Old Testament who  ' followed Abraham's servant into
another country

CS*i^2^’ 33/R J02/J.W.S.P.—Rebecca Homing System—and A.M. File
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was eventually chosen because it afforded the same facilities as Rebecca Mark VI

and in addition had the great advantage of light weight Development was
begun of Rebecca Mark V but the project was abandoned. Eureka Mark II
was the standard ground beacon; it was transportable and could be dropped
in a special container in the zone of operations or could be taken in by glider.
Eureka Mark III was a miniature version, using American Type 9000 valves,
and was designed to be completely contained in a harness worn by a paratrooper.
In February 1943 work on the system was begun in the U.S.A. and American

equivalents of Rebecca and Eureka were produced later that year. The
American version was known in the United Kingdom as Rebecca' Mark IIA,
i ts American type number being AN/ APN-2. The American versions of Eureka

were known as AN/PPN-1 and AN/PPN^2,

The first development of the aircraft equipment eventually known as Rebecca
was for use as an interrogator for identification purposes in single-seater aircraft.
Ground radar responder beacons were widely used from the early days of the
war in Fighter and Coastal Commands for identification, homing, and beam
approach purposes. They were used in conjunction with airborne interrogators
forming part of the main radar search equipment, such as A.S.V, or A.I. In
the first yefir of the war the Air Ministry Research Establishment began
experimental work on an airborne radar equipment, for installation in night
fighters, which could interrogate I.F.F. sets carried in friendly aircraft and
could also interrogate LF.F, ground beacons. In May 1940 an experimental
airborne transponder was fitted in a Battle aircraft and was tested in conjunction
with I.F.F. Mark IH in an Anson, This enabled the Anson to be identified up
to a range of 25 miles. Trials were them conducted with two types of ground
radar beacon. The first was the simple LF.F, homing beacon type made by
Ferranti and used in Coastal Command; this gave a maximum range of 25 miles.
The second consisted of an A.S.V, receiver triggering a lOO-watt transmitter
and gave good results up to 32 miles. E,xperiments were continued at the

A.M.R.E. xmtil the end of 1940 when simple arrangements had been worked
out to enable A.I. to interrogate I.F.F.'^

Development for Target Identification
The idea of using responder beacons for target location by bomber aircraft

was first suggested at the first meeting of the Committee for the Scientific

Survey of Air Warfare. On 27 September 1939 the committee recommended

that trials of LF.E. apparatus as a ground beacon for the guidance of bomber
aircraft be held. A separate interrogator was needed because at that time
bomber aircraft carried no radar. In May 1940 the committee a^in discussed
the possibility of radar beacons for target marking. It was thought that LF.F.
beacons might be placed by agents in enemy-occupied countries to afford
navigational assistance to bomber aircraft, provided that those aircraft were
equipped with some means of interrogation, possibly A.S.V. The C.S.S.A.W.
therefore recommended that the Air Staff should give immediate consideration
to the possibilities of using LF.F. beacons as an aid to navigation of aircraft to
targets in Norway, The problem of target location waS' one which was also
faced by Army Co-operation Command, particularly the accurate location of

dropping zones by aircraft carrying paratroopers or towing gliders. It was in

‘ A,R.B./1VA/L, A.M.R.E. Progress Reports.
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June 1941 that the T.R.E. first considered the application of radio aids to the
problems of Army Co-operation Command when it was suggested that dropping
zones might be marked by radar beacons to which aircraft could home by means
of an airborne installation with directional aerials. The T.R.E. proposed that
a light-weight beacon be parachuted into the zone or placed there by agents.
Army Co-operation Command aircraft were not fitted with radar so the idea of
using the e.xperimental airborne transponder to interrogate the target markers
was revived. In June 1941 two T.R.E. scientists took a modified I.F.F. set to
the Air Officer Commanding-in-Chief, Anny Co-operation Command, at his
headquarters near Bracknell The beacon was placed on the lawn outside the
Officers’ Mess while another T.R.E. scientist flew in a Blenheim equipped with
suitably modified A.S.V. equipment to search for it. After cruising about for
some time the pilot turned and homed to the beacon, which was then driven
about in a car to prove its mobility, and was finally located in a wood. During
the summer and autumn of 1941 much useful work was done in improving the
transponder equipment, which was given a further trial in an Anson at the
Central Landing Establishment at Ringway. This demonstration was the
beginning of a close co-operation between the RR.E. and the airborne forces,
co-operation which eventually was to prove valuable in the D-Day landings in
Normandy. However, in November 1941 it was decided that the problems of
Army Co-operation Command were to be solved with non-radar methods and
responsibility for further work for the command was transferred to the Royal
Aircraft Establishment.

Development for Special Operations

The period of experimental work for Army Co-operation Command was not
wasted. With the withdrawal of the British forces from Europe in the summer
of 1940 and the consequent German occupation of the whole of north-western
Europe, the problem of target identification became more acute because
reinforcements had to be dropped secretly to partisan forces in the occupied
countries. An organisation, known as the Special Operations Executive, was
set up for the purpose of organising resistance movements in those countries,
training agents in the United Kingdom, and dropping those agents, together
with supplies, mostly annaments, newspapers and medical supplies, in occupied
Europe.^ This organisation was designed to enable the resistance movements
to undertake such action against the enemy as might be judged best calculated
to assist any future AUied military undertaking.* The organisation was a
combined services’ responsibility. The task of conveyingsuppliesto the resistance
cells was particularly difficult because most of them were, of necessity, situated
in isolated spots. The use of sea transport was seriously limited because of the
strict watch kept by the Germans on coastal areas. Air transport therefore
became the chief supply line. 11 was essential that men and material should be
dropped at the precise point planned so that immediate measures could be
taken to dispose of them without arousing enemy suspicion. The normal
methods of aircraft navigation by night were not sufficiently accurate to pinpoint
a very small target, usually at some distance from towns, and often far from
landmarks easily identifiable from aircraft at night. The number of skilled
' For details of S.O.E. set A.H.B. Narrative ' Special Duty Operations in Europe
'In August 1.‘140 No. 419 Flight (Lysander aircraft) was set aside for use by the S.O.E.

In August 1941 No. 419 Flight became No. 138 Squadron and in February 1942 a second
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navigators expert at map reading was insufficient for the needs of the organisation
and in any event map reading was feasible only on moonlight nights. This
meant that operations could be planned only for twelve or fourteen nights a
month and even these small numbers had to be cancelled when weather

conditions prevented flying.^ At first, light signals were used to mark the dropping
zonesfor supplies in conjunction.with a very low-power equipment, the S-phone,
but these lights easily attracted the attention of the Germans. Some other

means had to be found.® The T.R.E. was approached by a Guards' officer from
S.O.E. Headquarters. Discussions and meetings followed, as a result of which

a highly secret development programme was initiated at the T.R.E. Under
the direction of Mr. J. W. S. Pringle and Mr. R. Hanbury Brown an experimental
Rebecca/Eureka system was designed in 1941, known as Rebecca/Eur^a Mark I,
Six airborne receivers and ten beacons were hand-made. The latter were made

to look like biscuit tins. The beacons and dependent batteries were wrapped
in four inches of sponge rubber and placed in suitcases which had been made to

look as much like continental ones as possible.

Rebecca Mark I consisted of a transmitter/receiver uirit weighing 36 pounds
contained in a box 12 by 8 by 18 inches, with a power consumption of 150 watts,
supplied by the aircraft engine-driven alternator. An interrogator was built
into the side of the receiver. The indicator used was the standard A.S.V.

indicator, 9 by 8 by 18 inches, weighing 20 pounds, and the aerial system
consisted of two receiving and one transmitting aerials. The installation
transmitted on a frequency of 213’5 megacycles per second and received on

213-5 and 217'5 megacycles per second. Eureka Mark I consisted of a fi-xed

frequency I.F.F. beacon incorporating automatic gain stabilisation but without
controls. The beacon weighed 16 pounds, the mains unit for A.C. rpains
9 pounds, and the vibrator for a 12-volt battery 11 pounds. The battery was
nickel-irpn giving seven hours* duration. The aerial mast was nine feet high,
and its total weight, including aerials, was pounds. The beacon transmitted

on a frequency of 217 • 5 megacycles per second and received on 213 • 5 megacycles
per second.® The method of operation was fairly simple. The operator switched
Rebecca on as soon as the aircraft reached the neighbourhood of the beacoTi
site, and observed the indication on the cathode ray tube. The ground beacon
could be removed from its container and assembled with its aerial and power
supply in one minute by one man. It was necessary for it to be sited at least

50 yards from any large obstruction and if possible, on high ground. The
correct operation of the beacon was checked by means of a pair of headphones
and a test button on the front panel. There were no adjustments to be made
on the apparatus. When the aircraft came within range a characteristic note

was heard by the ground operator in his headphones and a morse letter might
be signalled by means of a tapping key or a push button on the beacon. This
enabled the identity of the beacon to be checked.* On identifying the beacon
the observer directed the pilot to turn until the aircraft was heading towards
it, if homing was being carried out upwind or downwind, and then told him its
range. The pilot could then reduce height progressively so as to pass over the

"" 1 A.M. FUe C.30641/46.
‘T.R.E. Monograph, ' Radar Interrogator Beacon Systems
‘A.M. FUe C.30641/46.
* T.R.E. Report No, 33/R.102/JWSP and A.M. File CS.16328. The note was the aircraft

equipment pulse recurrence frequency and varied according to the number of aircraft
interrogating.
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beacon at the optimum height for dropping. The final moment for release of
the supplies or for parachutists to jump was determined by the operator from
the indications on his set. Crosswind homing was more difficult and accounted
for many errors.

•  advantages of Rebecca/Eureka for highly secret operations were many
m that the equipment afforded a high degree of security. In the first place
Eureka did not transmit until interrogated by Rebecca. The high frequencies
gave a ground-to-ground range of only four miles.  A safeguard against use of
the beacon by the enemy was ensured by the manuaUy-operated identification
system. The use of pulse transmissions made difficult discovery by the enemy
.for technical reasons and if necessary Eureka could easily be disguised as a
telephone transmitter/receiver. Even if the Germans captured and examined
Eureka little advantage would accrue to them because no component embodying
a technique new to them was used. Early flight tests carried out by the T.R.E.
revealed that range performance with the beacon placed on a clear site was
20milesat I,000feet,50mnesat5,000feetand75milesat lO.OOOfeet. Dropping
accuracy was about 200 yards but the T.R.E. thought that could be bettered
as operators became more expert in the use of the equipment and the design of
the equipment itself was improved.* On 11 February 1942 trials were carried
out by the S.O.E. to determine the accuracy with which a parachute could be
dropj^ on a pinpoint without the use of other means of navigation. A beacon,
contained in a suitcase, was placed in the grounds of Brickendonbury House,
near Hertford. It was concealed under sacking on  a piece of agricultural
machinery in the middle of a field with only a small aerial projecting. An
Anson aircraft fitted by the T.R.E. with Rebecca flew from Hum and paracliuted
a small sandbag 400 yards from the beacon. Ifthishad been a normal parachute
container the distance would have been reduced to about 200 yards. The only
information given to the pilot was that the beacon was located in the area
Aylesbury-Hertford-Cambridge-Northampton, an area of over 100 square miles.
The Officer Commanding, Np. 138 Squadron, flew in the aircraft to give an
impartial report. He was much impressed with the simplicity of navigation
and the extreme accuracy of both direction and range. Air Ministry represent
atives from the Directorate of Bombing Operations and Directorate of R.D.F.
were present at the trials, as were representatives of Coastal Command and the
Ministry of Aircraft Production. All were impressed by the excellent results
and the simplicity of the equipment.®

As a result of the successful j:rials with Rebecca/Eureka the Air Staff was
requested to release the equipment for S.O.E. operations over enemy-occupied
territory. In the early days of 1942 there was considerable doubt at the Air
Ministrj' about the wisdom of using Rebecca over enemy territory for Special
Intelligence operations. The Radio Policy Sub-Committee recommended that
it should not be used in case its capture compromised A.S.V. Sir Henry Tizard
considered that this was not a serious danger but held that the use of Rebecca
should be reserved for use in major operations. The Director General of
Signals at the .Air Ministry recommended that Rebecca be used because it
fulfilled the requirements of the S.O.E. for a navigation aid better than anything
else. On 20 March 1942 the Chief of the Air Staff ruled that Rebecca could be
used operationally by Nos. 138 and 161 Squadrons.* Aircraft sets were available

> A,M. File 0^0641/411 • A.M. File C.39546/49. * A.M. FUeCS. 13367.
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and tJie T.R.E. estimated that three weeks would be required to fit six aircraft
with Rebecca. At a nteeting on 21 March 1943 arrangements were made for
the introduction of Rebecca into Service use, the initial provisioning being for
12 Rebecca sets for three Halifax and three Whitley aircraft, and eight Eureka
beacons. The T.R.E. had already made six Rebecca sets so arrangements
were made to divert six more A.S.V. Mark II receivers and indicator units from

the manufacturer, E. K. Cole, to the T.R.E. for modification, and for the

incorporation of detonators in all 12 sets as a security measure. The T,R.E.
had already made five beacons and the Ministry of Aircraft Production agreed
that the establishment should manufacture three more, the total of eight to be
despatched to Tempsford, where the S,O.E. squadrons. Nos. 138 and 161, were
stationed, for employment on operations, and the station and squadron
establishments were suitably increased. One Whitley aircraft had already been
fitted and this was allocated to No. 161 Squadron, The initial fitting of one
Halifax and Whitley was undertaken at Hum by a special Rebecca fitting
party attached there, and arrangements were made for aircraft wiring and
Rebecca aerials to be incorporated eventually on the Halifax and Whitley
aircraft production lines.*
In February 1942, when Eureka beacons had first been taken to the head

quarters of the S.O.E., two T.R.E. scientists instructed two agents, one Polish
and one Belgian, in the use of the equipment. They were flown from Tempsford
and dropped in Europe, A few hand-made Eureka beacons were dropped in
Europe by the S.O.E. squadrons in the early months of 1942 and were used

successfully to mark target zones for later drops of agents and material. Tlie
general use of Rebecca/Eureka was expected to increase the scope of supply-
dropping operations to the most distant areas and in all conditions of weather
and visibility. For this reason a programme was launched to step up production
and installation and to train all potential operators. A special Signals section
was formed at Tempsford to deal with aU matters connected with the training,
operation and servicing of Rebecca/Eureka. A radar officer was posted to
Tempsford to train navigators in the operation of Rebecca and to give very
simple training in the use of Eureka to S.O.E, personnel. A Whitley and a
Halifax aircraft were used for training. Air crews of Nos. 138 and 161 Squadrons
were trained at a rate of about three air crews per week and training of ground
operators also progressed favourably. The Ministry of Aircraft Production

arranged for 12 more Whitley and 12 Halifax aircraft to be fitted with Rebecca.
A maintenance section, consisting of 15 mechanics, was set up. Thus, during
the early summer of 1942, the scheme for using Rebecca/Eureka in S.O.E.

operations appeared likely to achieve great success; both air and ground staff
were interested in the work, enthusiastic about th€L.new equipment, and eager
to use it on operations, In spite of this promising start conditions gradually
deteriorated because of the lack of definite policy and direction on the part of
higher authorities. Although Headquarters Bomber Command was impressed
with the possibilities and promised to ensure that supplies to the S.O.E, of
Rebecca and Eureka would be increased so that the scope of operations could
be extended, production of equipment ceased, and the aircraft installation
programmes were postponed indefinitely. The two training aircraft were
transferred to No. 138 Squadron where, because of operational requirements,
they could not be made available for training purposes. On 24 June 1942 the
first Rebecca sortie was made to central France but was unsuccessful because the

A.M. File CS. 13367.
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accumulators of the ground beacon were discharged. A later trip in Octoter
revealed a fault in production of the early sets. Difficulties were increased by
poor organisation in sending operators to Tempsford for training. On two
occasions trainees arrived with but one hour or less to spare; this was much
too short a period, the normal time being two to two and a half hours, depending
on the intelligence of the trainees. Several successful demonstrations
given, particularly two in September to Czech and Polish personnel, but in the

months from April to October 1942, Rebecca/Eureka was used on two
operational missions only. All concerned in the operation and upkeep of the
equipment began to lose their enthusiasm.*

Development for Airborne Forces

The effective use by the Germans of parachute and glider troops on the
Albert Canal in 1940 and in Crete in 1941 had stimulated attempts in Britain
to develop an airborne force as a military weapon. The airborne force started
a-s a small group of people experimenting at Worth Matravers, drawn from all
parts of the R.A.F. mainly because they had been actively interested in gliding
before the war. This team then moved to Ringway airfield where it was formed
into the Airborne Forces Development Unit. In January 1942 No. 38 Wing
was formed at the Airborne Division Headquarters at Figheldean,
Netheravon. under the command of Group Captain Sir Nigel Norman,
operational base for the new force. At the same time the R.A.E., Famborough'
took over much of the more technical work on gliders and parachute methods!
In the spring interest in the employment of airborne forces was revived and the
Airborne Forces Equipment Committee was set up in the Ministry of Aircraft
Production under the chairmanship of Sir Robert Renwick. At this stage a
vast airborne army was envisaged, with No. 38 Wing as merely the spearhead.
Plans were made for all heavy-bomber aircraft in Bomber Command to be fitted
with towing hooks so that they could tug troop-carrying gliders. In addition
to a programme for the installation of Rebecca Mark II in the powered aircraft
of No. 38 Wing and Rebecca Mark III in gliders it was hoped to have Lucero
Mark II installed in aircraft of Bomber Command to enable them to home to
Eureka beacons sited by the Independent Parachute Company advance parties
of the Airborne Division. However, it was considered that Germany had to be
weakened by bombing before a land attack could be launched and No. 38 Wing
was kept as a token force throughout 1942 and early 1943, priority for radio
development and production being allocated to the requirements for the night
bombing offensive. With the e.xception of a brief Spurt of activity in order to
equip the one and half squadrons which helped in Operation Husky in Sicily
in June 1943, radar equipment for No, 38 Wing remained at the stage of
experiment and trial. However, even though priorities for the airborne forces

very low. the commander and the signals staff of Headquarters No. 38
Wing, and later No. 38 Group, maintained an active interest in the pc^ibilities
of Rebecca/Eureka and, ably assisted by Mr. J, W. S. Pringle, evolved operating
techniques and methods of operational use. and trained personnel to service and
operate the equipment.

» ̂  8 November 1942 a meeting was held at ml Air Ministry to
to improve me organisation of operations it was

^Sensibility for the assembly and packing into special parachute
of Eureto bacons to be made that of the station commander, through the

r.idio officer, instead of being divided as it was previously. (A.M. File CS.I3367.)
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Tlie S.O.E. trials of Rebecca/Eureka had revealed that the equipment was
valuable for use in military airborne operations, both in the initial landing of
parachute troops and gliders and for resupply operations to isolated formations.
However, the essential security in force at that time was such that Headquarters
No. 38 Wing was not aware of the use made by S.O.E. of the equipment. The
first operation planned by Group Captain Sir Nigel Norman and his staff of two
officers, one of whom was a signals officer, was the Bruneval raid. The operation
was executed by No. 51 Squadron under the command of Wing Commander
Pickard. Although it was highly successful the need for marking at the dropping
zone and for approach aids was made apparent. As the result of a demonstration
given at Hum to Sir Nigel Norman and his signals officer by Mr. J. W. S. Pringle
and Mr. R. Hanbury Brown, a request was made to Headquarters Army
Co-operation Command for supplies of Rebecca/Eureka. In June 1942 Head
quarters Army Co-operation Command asked for Rebecca/Eureka equipment
in order that further trials might be undertaken. Two Eureka beacons were

required for No. 38 Wing and Rebecca installations were required in two
Whitley aircraft of No. 297 Squadron, one Horsa and one Hamilcar glider, or
two Horsa gliders. The T.R.E. recommended that Rebecca Mark I be used
for the trials because development of the improved versions was not then

complete. At a mcetiiig of the Airborne Forces Committee Signals Sub-
Committee on 16 July 1942 it was agreed that two Whitley aircraft be fitted
at Netheravon in August 1942 with Rebecca Mark! for training and operational
research. More aircraft were to be fitted at Netheravon according to the
requirements of No. 38 Wing and the supply of equipment. But because the

production programme had been abandoned there was  a shortage of equipment
and installation programmes were delayed.*' From 17 December 1942 to

17 January 1943 the crews of ‘ A ’ Flight, No. 295 Squadron, carried out trials
of Rebecca/Eureka with six Whitley aircraft. 98 separate night drops, involving
32 aircraft sorties, were made. All the drops were measured by the 21st
Independent Parachute Company and their accuracy recorded. Analysis
reveled that the average error was 238 yards with  a maximum error of 800 yards
and minimum error of zero. In only 16 instances was the error above 400 yards
and in 25 above 300 yards. It was concluded from the trials that, with average
squadron crews who had special Rebecca training, the Eureka beacon could be

used for night drops in any condition of darkness in dropping zones little larger
than 700 yards by 600 yards when surface winds did not exceed 10 miles per
hour. When winds were stronger a dropping zone of over 900 yards by 800 yards
would be required. The performance and serviceability of the equipment were
generally of a high standard and there were no indications of erratic behaviour
or unreliability. Aircraft crews could be briefed to operate on a fixed time basis
with every prospect of success.® The success of the trials resulted in Head

quarters Army Co-operation Command confirming a requirement for Rebecca
and Eureka for the airborne forces to mark target zones for landing parachute
troops and troop-carrying gliders.

When the equipment was first developed it had been thought that it could
be used for air ojjerations in close support of ground forces and, in September
1942, Headquarters Army Co-operation Command requested that Rebecca be

fitted in single-seater aircraft because of its many uses, including the location
and identification of forward troops, so giving an approximate plot of their
‘A.M. FUb CS.14847. * A.M. File 0,30605/48.
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disposition, and the location and identification of formation headquarters for
message dropping. The Air Staff considered that tlie use of Rebecca should be
restricted to airborne forces; the operational requirement for aircraft employed
on tactical reconnaissance or Army air support could be met by VHP homing
and the beacon approach system. Space was so limited in fighter aircraft that
it had been decided to retain only those radar systems which were essential
for the primary operational role of the aircraft, Rebecca Mark I and Mark II
installations were not made in single-seater aircraft because of the limitations
of the aircraft power supply, the weight of the equipment, the lack of space in
the cockpit for the indicator unit, and the unsuitability of the indicator unit
for pilots’ use. The last two reasons also precluded use of Rebecca Mark III.
It was agreed in January 1943, after discussion with the War Office, that there
was no operational requirement for Rebecca in aircraft used in dose-support
roles.^

The proposed use of Rebecca and Eureka for airborne force operations
emphasised the great weakness of the Mark I version of both air and ground
equipments; the fact that they operated on one frequency only. Rebecca/
Eureka was a cross-band system, interrogating on one frequency and replying
- another', which eliminated ground returns as seen on A.S.V. and enabled
greater ranges and more accuracy to be obtained. Effective use of the equipment
for marking dropping zones was complicated because a beacon became
saturated when between 30 and 40 aircr^t interrogated it at the same time,
and beacons had to be pl^ed at least 600 yards apart when the transmitter
frequency of one was within 5 megacycles per second of the receiver frequency
of the other. This disadvantage had not been felt while Rebecca had been used
by single aircraft only on special operations in which those aircraft merely had
to find one particular target and were not required to distinguish between
number of dropping zones marked by beacons.^ Rebecca Mark I was an
experimental model intended originally only for preliminary trials and develop
ment work. Greater flexibility and a higher standard of performance
required. In March 1942 the T.R.E. vvas instructed by the Air Ministry to design
an improved beacon incorporating a manual selection of a minimum of 10 fre
quencies over as wide a band as possible, and automatic coding. The frequencies
were to be separated as far as possible from the  1i-metre A.I. and A.S.V. bands
and it was proposed that they should be near "or above 250 megacycles per
second. The development of a multi-frequency beacon necessitated a corre
sponding development of Rebecca to operate over the same frequencies and
the Ministry of .Aircraft Production was instructed to arrange for the develop
ment of a new type of aircraft installation. One stipulation was that Rebecca
Mark II was to be completely,interchangeable with Mark I,» By July 1942 a
new development model had been produced by the T.R.E.* The early models
of Rebecca and Eureka Mark II operated on a choice of four frequencies,
214, 219, 224 and 229 megacycles per second.® With later models of Rebecca
Mark II five frequencies were available, 214, 219, 224, 229 and 234 megacycles
per second. The transmitter and superheterodyne receiver were operated by
push button control and could be used with all Marks of Eureka beacons, both
British and -American, and also with B. A.B.S, Mark II. Its weight when installed

an aircraft was approximately 160 pounds. Three time-base ranges
> A.M. File C,39546/49.
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available, 9 miles, 36 miles and 90 miles. An additional advantage of'Rebecca
Mark II compared with Mark I was its increased power output, 350 watts,
The lower power of Rebecca Mark I had been a disadvantage. Rebecca Mark
IIB was similar to Rebecca Mark II but included additional facilities for I.P,F.

interrogation and homing to A.S.V. beacons and Rooster on frequencies used
in Coastal Command. The transmitter frequencies were 177 megacycles per
second with horizontal polarisation, and three between 214 and 234 megacycles
per second with vertical polarisation. The receiver frequencies were 173 and
176 megacycles per second with horizontal polarisation and two between 214

and 234 megacydes per second with vertical polarisation. The same time-base
scales were available as in Rebecca Mark II. Its weight was greater than that
of Mark II, approximately 200 pounds, and its power output less, 300 watts.*

At the same time as Rebecca Mark II was being developed, a multi-frequency
beacon. Eureka Mark II, was designed as a transportable beacon to be used to

mark paratroop dropping zones and supply points. It consisted of a transmitter,
receiver, a simple aerial system Type 304, a vibrator power supply, earphones
and a nickel-iron accumulator, the whole packed in a transit case. It was designed
for fast-moving operations where installation time and low power consumption
were of the utmost importance. There were variants of Eureka Mark II to make

its use possible in all commands. In the Tactical Air Force, Transport Command.
Bomber Command and the Fleet Air Arm the beacon operated on the frequencies
214, 219, 224, 229 and 234 megacycles per second. The transportable version
for AUied Expeditionary Air Force and Air Defence of Great Britain was designed
to operate on the Fighter Command frequencies 193 and 196 megacycles
per second.*

Development for Installation in Gliders

Rebecca was made a requirement for gliders to enable them to rendezvous

at a given spot and time for the important purpose of concentration and to

enable distant release to be effected by tug aircraft. The projected use of
Rebecca' in gliders necessitated development of a special light-weight
interrogator, since both Marks I and II were too heavy. At a meeting of the
Airborne Forces Committee on 20 May 1942 the operational requirements
of a Rebecca installation in a glider were stated. Range indication was
essential. A maximum range of 50 miles at 10,000 feet was desirable but reduced

range was acceptable if it enabled the apparatus to be simplified; a minimum
range of 10 miles at 350 feet ^vas required; an accuracy of plus or minus
400 yards for dropping parachute troops was desirable.* Another essential was
that the installation should be battery-operated. During the summer of 1942

the T.R.E. was engaged on developing light-weight equipment, first known as

Rebeccula and later as Rebecca Mark III. On 24 July 1942 at a meeting at the
Air Ministry it was reported that the T.R.E. hoped to supply the R.A.E. with
an experimental model fully flight-tested in powered aircraft by 7 August 1942,
and it was considered that it would be adequate for a contractor to use as a

prototype. Thereafter the R.A.E. was to be responsible for the development
and contract supervision.^ Rebecca Mark III was a battery-operated model

■ A M, FUe C.30703/46.
> T.R.E. Report No. 1739, G,43/R.5/KAW—Eureka Mark II Homing Beacons.

^A.M. File C.30641/46.lA.M. File CS. 14847.
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Wili, a power output of about 25 watts. Jt had a super-regenerative receiver
and five frequencies were available by push button control in the band 214 to
234 megacycles per second. The installation consisted of a transmitter/receiver,
a control unit, indicator, accumulator, and a transmitting aerial in the nose and
two receiving aerials on the mainplanes of an aircraft ̂  Its weight, including
the aerials and connectors, was 100 pounds. Two time-base scales were available,
at first 10 miles and 50 miles, later changed to  6 miles and 36 miles. In August
1942 a trial installation in a Hamilcar glider was tested at the T.R,E.. and the
ranges obtained at 5,000 feet were, with Eureka Mark I, 35 miles, with Eureka
Mark 11,35 miles, and with Eureka Mark III, 25 miles.* A development contract
was placed with the firm of Cossor, and in October 1942 flight trials with a
Cossor prototype in a Horsa glider were held at the R.A.E. Some alterations
had to be made to the T.R.E. model. The indicator unit was not suitable for
pilot operation; it had to be used with a standard A.S.V. rubber visor and an
operator was necessary. The R.A.E. reported that the performance of Rebecca
Mark III in a Horsa was satisfactory, a maximum range of 45 miles at 5,000 feet
being obtained. At a meeting on 14 December 1942 the War Office was informed
by the R.A.E. that it would have to accept limitations in the performance of
Rebecca Mark HI. because of the restrictions imposed by weight, power and
size. It was ̂ eed at this meeting that the time-base scales were to be altered to
6 miles and 36 miles in order to ̂ arantee an accuracy of J-mile radius at 11 miles
and a minimum range of mile. An improvement in performance could be
obtained with the addition of a small number of extra components, but it would
entail experimental work which would delay production by about three months.
Later in 1942 a production contract was placed with the firm of Cossor and
by 27 January 1943 the first model was delivered to the R.A.E. for type
approval.® At the end of January 1943 headquarters Army Co-operation
Command stated that it was prepared to accept a delay of three months until
31 July 1943 in order that the new range-scales giving the required degree of
accuracy were incorporated, provided that 18 sets for traimng could be made
available by the first week in February 1943.®

In February 1943 the R.A.E. carried out tests of the first production model of
Rebecca Mark III. The transmitted pulse blotted out the first IJ miles of the
time-base. As the suppression of the pulse would have involved a major
modification Headquarters Army Co-operation Command was forced to accept
a minimum range of 1J miles as an operational limitation of Rebecca Mark III.
Production of the equipment was held up because of technical difficulties but in
June 1943 the R.A.E. conducted trials of a prototype in a Hamilcar glider.
Using Eureka Mark 11 a maximum rai^e of 35 miles at 5,000 feet was obtained.
In August 1943 trials of Rebecca Mark HI in a Horsa glider were held at
Netheravon. Eight glider pilots took part in them when 20 towed and 15 free
approaches were made. The accuracy of pinpointing was adequate, the average
error in reading being range 100 yards and azimuth 30 yards at altitudes of
1,000 feet. Range indications on the 6-raile scale were read to an accuracy of
one-fifth of a mile and on the 36-mile scale to an accuracy of 1 mile. During
the trials the ranges obtained were 8 miles at 500 feet, 12 miles at 1.000 feet
and 18 miles at 2,000 feet. At altitudes below 1,000 feet the beacon pulse
became partially obscured by an indicated range of 1 mile.®

' A.M. File C.30703/4fl.
* A.M. File CS,23779.

*A.M. FUe CS,23779. > A.M. File C,30641/46.
‘ A.M. FUe CS.23779.
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Production Contracts

A contract for 100 sets ol Rebecca Mark I and 100 Eureka Mark I beacons

was placed with the firm of Masteradio in June 1942. It was decided on
24 July 1942 that Rebecca Mark I should be used for trainii^ only and Rebecca
Mark II used for operational flying.^ The S.O.E., however, found the first
Mark preferable for their operations because it allowed the operator to tune
over a band of a few megacycles per second and obtain good results from a
beacon off frequency. It was often found that the sketchily trains agents set
up a Eureka beacon inaccurately tuned.® By October 1942 five sets of Rebecca
Mark I had been delivered,® On 24 July 1942 it was reported that the firm was
experiencing difficulties in obtaining some of the necessary components. A
contract for the aerial systems was placed with Cossor and installation parts
were supplied by No. 43 Group.* On 27 January 1943 the Ministry of Aircraft
Production reported that 30 sets of Rebecca Mark  I and 35 Eureka Mark I

beacons had been delivered and it was anticipated that the programme would
be completed by April of that year.

Heavy demands were being expressed by various potential users of Rebecca
and Emeka and this, combined with slowness of development and production,
caused a shortage of the equipment. As early as June 1942 Headquarters
Army Co-operation Command had stated a general requirement for the fitting
of all airborne forces operational aircraft with Rebecca, and of all operational
gliders with the light-weight Rebecca Mark HI. Rebecca was required for
25 per cent of powered aircraft at Glider and Parachute O.T.Us. and Rebecca
Mark III for 25 per cent of all training gliders. The Air Ministry confirmed
that the final requirements for Array Co-operation Command were estimated
as 144 sets of Rebecca Mark II for Whitley aircraft in No. 38 Wing, 430 sets
of Rebecca Mark HI for operational gliders and the training pool in No. 38 Wing,
and 42 Eureka beacons for operations and training.® A meeting was held at
the Air Ministry on 13 August 1942 to co-ordinate the requirements for Rebecca
and Eureka of Army Co-operation Command, the Directorate of Intelligence
at the Air Ministry, and Headquarters R.A.F. Middle East, to see how these
could be met by existing and future production capacity. As a result of
discussion the Air Ministry estimated the requirements of Rebecca and Eureka
to the end of 1943.® The estimate was revised in January 1943 because during
that month the re-organisation of the airborne forces was discussed by the Air
Ministry and the War Office. As a result it was decided to reduce the number

of gliders and powered aircraft. The requirement was altered to 1,560 sets of
Rebecca Mark II, 2,170 sets of Rebecca Mark HI, 30 Eureka Mark JI beacons

» A.M. File C.30641/46.
»A.M. FUe C.30641/46.
»Estimated requirements to the end of 1943 were:—

»A.M.FileCS.24135. » A.M. File C.39S46/49.
«A.M. Fite CS, 14847.

Qmnlity Bstimoied
Cost

Rebecca Mark 11
Rebecca Mark 111

Eureka Mark ir ..
Eureka Mark III

Aerial systems and installation fittings
Test gear sets
Spare components ,4 .,

1 i 2,450
3.67S

',500
275,625
5,400
13,150

306,250
389,812
188,810

108
810

6,125
709

Tout ^1,447,547
(A.M. File CS.16429.)
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and 720 Eureka Mark III beacons^ The following August the requirement for
Eureka Mark II beacons was again revised. 300 beacons were required for
Rebecca test purposes and 205 for use as a homing aid with Rebecca, the
estimated cost being £53,025.*

Development contracts for Rebecca Mark II and Eureka Mark II were placed
with the firm of Murphy Radio in the spring of 1942 and by 27 January 1943
provisional type approval of Rebecca Mark 11 had been given. The firm
produced a model which was used as the protot5rpe for an additional production
contract for 200 sets placed with the firm of Dynatron.* Development of
Eureka Mark II was slower and a prototype was not received until March 1943.
A contract for Eureka Mark II was increased to 505 in August 1943. The first
deliveries of both Rebecca and Eureka Mark II were allocated for use in the
operations connected with the landings in Sicily, Manufacture by the firm of
Cossor of Rebecca Mark III began at the end of November 1942 and by 30 April
1943,25 sets had been produced.* Production was at the rate of 15/20 per week.
By 27 January 1943 six Eureka Mark III beacons had been delivered and the
Ministry of .^rcraft Production estimated that, up to the first 40, there would
be no delay in delivery but after that delay would be occasioned by a shortage
of I.F, transformers.®

Operational Use in Sicily I.andlngs
Rebecca/Eureka was used in a major operation by airborne forces for the

first time in Operation Husky, the Allied landing in Sicily in June 1943.® The
operation was carried out by the 51st and 52nd Wings of the United States
Ninth Troop C^ier Command, largely composed of American groups using
C.47 (Dakota) aircraft. No. 38 Wing, composed of British aircraft and crews,
was attached to the 51st Wing. It included all No. 296 Squadron (Albemarle
aircraft) and one flight of No. 295 Squadron (10 Halifax aircraft).
The problem of training servicing crews for Rebecca had been discussed at

the first meeting in July 1942 of the Airborne Forces Committee Signals Sub-
Committee. It was estimated that six radio officers and 50 radio mechanics

I

Rebecca

Mark 11 Mark III Mark U Mark III
Eureka

Aritiy Co-operation Command in l).K.
Airborne Force M.E. ..
Airborne Forces India and Far East..
Air Ministry (Intelligence) ..
Approximately 15 par cent for spares
and 10 per cent war wastage

225 850 24 48
500 875 80
500 10 50
24 400

3U 435 6 142

1,560 2.170 30 720

(A.M. File CS.I4847.)
* A.M. FUe CS.164M.

» A.M. File C,30641/46.
* A.M. File C.30641/46. • A.M. File C.39S46/49.

" In November 1942 two Halifax aircraft, equipped with Rebecca and operating from
Skitten nem- Wn^. tow^ two gliders carrying Royal Engineer personnel to demolish the
heavy water plant m Norway, One of the original Eureka beacons made in tlie T.R.E.

latwratory and dropped by parachute with a specially trained Norwegian officer in the
Mernark district, southern Norway, in October 1942, had been set up in the dropping aone.
The Ill-fated operation r^ulted in the loss of one Halifax and all the Royal Engineer
personnel. The Eureka beacon was buried and was used again for supply-dropping
operations in November 1943 and March 1944. In May 1944 it was replace by a Eureki
mark luB beacon.
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would be required. At that time two radio officers were being trained for
Bomber Command at a three weeks’ course at the T.R.E. They were posted to
Army Co-operation Command after the course, two weeks of which were spent
with Nos. 138 and 161 Squadrons at Tempsford in order to obtain first-hand
knowledge of the working and maintenance of the equipment under Service
conditions. On 8 August 1942 six radio mechanics were sent to the T.R.E.
for one week's course. Thereafter radio officers and mechanics were trained at

Nethcravon with the help of the T.R.E, The C.S.O. No. 38 Wing, Wing
Commander G. C. Godfr^, Flying Officer F. W. Campbell and Dr. Lines of the
T.R.E. drew up a training syllabus for Rebecca operators which was in use in
No, 38 Wing before Operation Husky.

During April and May 1943 a small crash programme was begun for producing
quickly Rebecca/Eureka equipment for the combined operation and by the
beginning of June all the Halifax and ail but one of the Albemarle aircraft were
modified to take Rebecca Mark II. The aircrews were trained in the use of the

equipment by means of two Anson aircraft fitted with Rebecca Mark I and

most of them had at least one instruction flight with Mark If in their own aircraft
before leaving the United Kingdom. Training in the use of Eureka was given
to about 40 personnel of the Independent Parachute Company, Airborne
Division, and included such items as the choice of dropping 2ones and allowances
for wind conditions. They also perfected their method of dropping wi th Eureka
in a kit-bag strapped to their legs and let out on a length of rope before landing.^
The first 60 sets of Rebecca Mark II and the first 28 Eureka Mark II beacons

were allocated to No. 38 Wing but, owing to a last-minute decision to save
weight on the Halifax aircraft, no sets were installed in them and the total
available were the 30 sets in the Albemarles. Ten Eureka Mark 11 sets were

flown out to Africa and another four were collected from Malta. American

aircraft were fitted with the American version of Rebecca. Twenty-four new
C.47 aircraft of 52nd Wing were fitted in the U.S.A. with an improvised version:
the receiver was a modified A.S.V. Mark II receiver with a tuning control
enabling it to be operated on several channels by manual adjustment in the air.
Eureka beacons were also sent from the U.S.A.

The results obtained with Rebecca/Eureka in Operation Husky were
disappointing but this was attributed to poor servicing and the late and

ineffective planning, rather than to inherent faults in the equipment itself.
The deficiencies in planning were caused largely by the crash at St. Eval of the
aircraft carrying the No, 38 Wing planning team to North Africa. Group
Captain Sir Nigel Norman, whose knowledge of airborne forces' requirements
was probably more comprehensive than that of any other R.A,F. officer, was
killed. The servicing section in No, 38 Wing consisted of one officer, three
N.C.Os. and nine aimren. Their task was difficult. In the first place, the test
equipment and spares sent out by sea failed to arrive and servicing had to be
carried out with what equipment had been flown out. The shortage of transport
on the unit also added to the difficulties because it was impossible to carry out
daily inspections and was probably the cause of luiserviceability on operational
sorties. The lack of planning was a serious fault. Plans to use Rebecca in the

> Major J, Lauder, 0,C, 21st Independent Parachute Company, was mainly responsible
lor evolving most of the marking, and the kit-bag, techniques.
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operation were made at the last minute, approval being given only after it'
found that No. 296 Squadron was equipped and trained. Even then arrangements
were unofficifU, both in the 51st and .52nd Wing, where plans were made by
No. 38 Wing in collaboration with the Independent Parachute Company. The
system was regarded only as an auxiliary aid for  a small fraction of the total
force. In the landing at Syracuse on 9/10 July 1943 the use of Rebecca/Eureka
was limited to homing to beacons at the base airfield and at Malta and Gozo
because no Eureka beacons were taken to the dropping zones. In a landing
made south of Catania on 12/13 July to capture and destroy bridges over the
rivers Sureta and Gonalunga the party carrying one Eureka failed to reach the
dropping zone and returned. A second Eureka was dropped but the aircraft
did not receive the transmissions. Eureka beacons were again taken in on a
supply-dropping operation for No. 2 Special Air Service Regiment but when
the aircraft searched for them they could not be located. The use of Rebecca/
Eureka in a landing behind Augusta was carefully plamied but the operation
was cancelled. Six Eureka beacons were dropped on one operation carried out
by the 52nd Wing. One was located 30 miles from the agreed dropping zone
and was therefore not followed. It was believed that the enemy captured and
moved it to act as a decoy.

was

In spite of the disappointing results achieved with Rebecca in July 1943
some valuable experience was gained in the use of the equipment with airborne
forces, experience which was to prove worth while in the Normandy landings.
One lesson learned was that a more reliable method of getting Eureka to the
dropping zone was required. It was also obvious that a less heavy beacon Gian
Eureka Mark II and more than two beacons per dropping zone were needed.
Another recommendation was that a member of the crew, other than the
navigator, who at the dropping zone was busy searching for visual landmarks,
should operate Rebecca, and it was proposed that the wireless operator should
be given the responsibUity. It was further recommended that guide beacons
should be used for large-scale airborne force operations, that a pathfinder force
should be speciaUy trained and equipped to locate the dropping zones and
ensure that the beacons reached them, that the whole of the follow-up force
should be equipped with Rebecca, and that the light-weight Eureka Mark IIIA
should be^ obtained as soon as pos.sible. Certain recommendations for the
tectaical improvement of Rebecca/Eureka were also made. These included a
revision of the unreliable method of connecting the matching unit and aerial
rod in aerial system Type 184. the simplification of the unnecessarily complicated
switching system, and the installation of the Rebecca indicator unit so that it
could be used by the wireless operator, not the navigator.* Above all. Operation
Husky revealed the need for careful and accurate planning well in advance,
and it was felt that a conclusive operational trial of the equipment had not been
provided because of its disorganised use, but the heavy losses sustained in the
operation clearly proved that a navigation system of the Rebecca/Eureka type
was required to guide aircraft to the dropping zones. It was contended that
effort spent on installing Rebecca, training crcAvs and planning its use would be
justified.*

recommendatjons were made by Mr. J. W. S. Pringle oi tlie T.R.E.. who visited
the Mediterranean theatre from June to August 1943. He was sent out in order to obtain
hrsl-hand informaUou on the operational use of Rebecta/Eureka.
• A.H.B./nE/193/l. Rebecca in Operation Hnsky.
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Operational Use in Special Operations
Complaints expressed at the end of 1942 about the poor operational results

obtained with Rebecca/Eureka on S.O.E, flights caused the Air Ministry to ask
the T.R.E. to investigate. T,R,E, experts visited Teropsford from 29 to 30 April
and 19 to 22 June 1943. They reported that by the end of April half the Halifax
aircraft of Nos. 138 and 161 Squadrons had been fitted with Rebecca Mark 1
and two Oxford aircraft had been fitted for training purposes. By the end of
June all the Halifax aircraft for the two squadrons had been fitted retrospectively
by a fitting party from No. 43 Group. The T.R.E. hdd that there were two

main reasons for the poor results achieved with Rebecca/Eureka in the early
part of 1943. First, the standard of servicing was very low because of lack of
organisation, bad workshop accommodation and an insufficiency of test gear.
Secondly, there was a general lack of direction and organisation at high levels,
which resulted in inadequate training and insufficient air tests. The T.R.E,
recommended that the establishment of R.D.F. officers at Tempsford should be
reduced to two, the senior to be responsible for all operatiorml aspects and
training, and the junior for organisation and maintenance. More intensive
training was urged on the basis of the syllabus used by No. 38 Wing. The
T.R.E. considered that operations should be planned only in consultation with
the senior R.D.F, officer at Tempsford, and should be carried out only with
operators fully competent in the use of the equipment. Servicing inspections
should be more frequent and more comprehensive. Finally, it was considered

that the T.R.E. ought to be more concerned in the operational use of Rebecca/
Eureka and recommended that Dr. Lines should be present at Tempsford
during the next operational period to give his advice and that at all times the
assistance of the T.R.E. should be sought until the system was considered to be
satisfactory.

Poor servicing was the subject of a complaint from Headquarters Bomber
Command in which it was stated that neither it nor Headquarters No. 3 Group
had been able to give much assistance to Nos, 138 and 161 Squadrons because,
the equipment being highly secret, they had not been given technical information.
Also, the supply and installation arrangements had been made directly by the
Air Ministry so that the two headquarters were unaware of them. In Jime 1943
the Air Ministry issued instructions that Headquarters Bomber Command was

to be responsible for efficient maintenance of Rebecca/Eureka at Tempsford,
and arrangements were made for the necessary technical information to be
made available. This measure resulted in closer supervision of servicing
procedure and a consequent improved standard of efficiency.

As a result of the adoption of the recommendations put forward by the T.R,E.,
the operational results achieved with Rebecca/Eureka improved, but the value
of the system was still doubted in some quarters, In September 1943 the
commanding officer of Tempsford stated his belief that concentrated effort in
the moon period obtained the best results and that use of Rebecca was
unnecessary. He felt that extension of S.O.E. operations outside the moon

period meant a general slackening off in that period and small achievement in
the end. Official Air Ministry opinion disagreed, holding the view that if

aircraft were not fitted with the equipment, bad weather during the moon
period would preclude special operations altogether. The aim was that special
operations could be attempted on all nights, regardless of the state of the moon

1 A.M. File CS.13367.
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and the weather. The S.O.E. itself reported that successes already obtained
proved the value of the equipment and considered that if more Eureka beacons
had been available more operations would have been completed. Rebecca/
Eureka had been used on only a few operations but this was due not to distrust
of the equipment but to a shortage of beacons in the field. Those that were
available were of inferior quality and unreliable. In October 1943 the Air
.Ministry announced that squadrons at Tempsford were to be fully equipped with
Rebecca because it had been proved by operations already carried out that it
was a valuable means of pinpointing a small target. Rebecca/Eureka had thus
proved its value for S.O.E. operations but the difficulty then to be faced was
the shortage of equipment. Production was slow and S.O.E. requirements had
to be fitted in with those of other organisations, particularly the heavy demands
of the airborne forces.

Preparations for use in Normandy r.anilingB
In the autumn of 1943 Army Co-operation Command was abolished. The

R.A.F. elements of the airborne forces were regrouped in the 2nd Tactical Air
Force, at first under the control of Headquarters Fighter Command, and later
Headquarters Allied Expeditionary Air Forces, a combined British and American
formation. The R.A.F. light-bomber force. No. 2 Group, was transferred from
Bomber Command and earmarked for a future tactical role. No. 38 Wing
raised to the status of a group and began a programme of expansion.
October 1943 the establishment of the group was increased to four Albemark'
four Stirling and one Halifax squadrons, each consisting of 20 aircraft. The
Whitley mrcraft were relegated to O.T.Us. for training and the Stirling and
Halifax aircraft were converted to be capable of carrying or towing a heavy
load. The expansion meant an increased demand both for Rebecca and Eureka.
The R.A.F. element was further augmented in the spring of 1944 by the transfer
of No. 46 Group from Transport Command. This group used Dakota aircraft
which by then were arriving from the U.S.A. already fitted with the American
version of Rebecca. The Troop Carrier Command of the United States Ninth
Air Force also assembled in the United Kingdom during the winter and spring
of 1943 and 1944. Of this command the 52nd Wing had already taken part
in the Sicily and Italy operations and was fitted with an early American version
of Rebecca. The remainder of the force, all Dakota aircraft, had been fitted
with the final American version of Rebecca and some crews had been given
training in its use in the U.S.A. On 23 January 1944 it was arranged that the
T.R.E. should assume responsibility, including design and post-design services,
for American Rebecca equipment installed in aircraft of the Ninth Troop
Carrier Command.

Preparation for the landings in Normandy included the training of aircrew
of No. 38 Group in the use of Rebecca, which was carried out in Whitley Mark V
aircraft of Nos. 295, 296 and 297 Squadrons. One difficulty experienced was
the shortage of ground trainers which were urgently needed because they saved
considerable time in air training. At that time the firm of Pye Radio had been
given a development contract for two models but no production contract had
been placed. Sir Robert Renwick therefore ruled that the development contract
should be increased to ten and a production contract for 50 sets placed. Training
arrangements included provision for glider pilots. At a meeting at Headquarters

was

In
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Army Co-operation Command on 9 March 1943 it had been estimated that
two battalions (800) of glider pilots required training in the operation of Rebecca.
It was decided that the best method of ensuring this was by the establishment
of training centres at Netheravon and at the headquarters of each of the two
battalions of glider pilots. Ten instructors were to be provided by the Airborne
Division. For the training of the instructors two officers were established in
No. 38 Wing. They were sent to the R.A.E. for refresher radio training and
certain special training required for working with Rebecca, and were then given
an intensive training course at Netheravon, both on the ground and in the air,
by br. Lines of the T.R.E. and the R.D.F. officer at Netheravon. The ten
instructors of the Airborne Division then were given training by the two
instructors from No. 38 Wing. After this had been done the two instructors

reverted to the role of organising the training of glider pilots.

In February 1943 the Rebecca/Eureka requirement for No. 38 Wing had been
estimated as 144 sets of Rebecca Mark II for Whitley aircraft, 430 sets of
Rebecca Mark III for operational gliders and the training pool, and 42 Eureka
beacons for operations and training. The requirement became quite inadequate
when the airborne forces were reorganised and increased in strength. On
5 September 1943 Headquarters Fightef Command supplied the Air Ministry
with details of the estimated requirements of the Tactical Air Force. No. 296

Squadron of No. 38 Wing, then in North Africa, was already fitted with Rebecca
Mark II and required only spares and replacements. Nos. 295 and 297 Squadrons
required 120 sets of Rebecca Mark II to allow for 100 per cent reserves;
Rebecca Mark II was also required for tug aircraft to enable them to home to
the landing zones selected by the advance party. Rebecca Mark HI was required
for a limited proportion only of the gliders to be towed by No. 38 Wing aircraft.
The fitting requirement was limited to 12 Horsa and 40 Hamilcar gliders.
A total of 18 Eureka beacons was required. At the end of April 1943 the Chief
of the Air Staff ruled that provisioning of No. 38 Wing was to be afforded highest
priority and, if necessary, all other programmes on high priority were to be
overruled. On 5 October 1943 the Air Ministry informed Headquarters Fighter
Command that a small quantity of Rebecca Mark II was already available and
that main production was expected to begin in December 1943 at the rate of

150 sets per month. It was expected that all requirements of No. 38 Group
would be met in full early in 1944. When the establishment of No. 38 Group
was increased the requirement for Rebecca Mark II rose to 360 sets, and at the
same time, with the increase in the scope of potential operations, which now
envisaged 20 separate landing zones, the total requirement for Eureka beacons
was increased to 80, preferably Mark IIIA, but Mark II if none other was

available.* The equipment was required well in advance of the projected
operations so that time was allowed for training and experience.

In November 1943 the shortage of Rebecca/Eureka equipment was causing
acute concern. On 2 November 1943 the Director of Radar reported to the
Controller of Communications that he had received many demands for the

equipment from the Tactical Air Force, the Mediterranean Air Command, and
from Air Headquarters India, and had found that available stocks were low

and the various production programmes were in arrears.®' One of the difficulties

The requirements included sufficient equipment to enable a 100 per cent reserve to be
held.

“ R.D.F. was renamed Radar in September 1943 to conform with the terminology of the
U.S.A.

322



was that potential users had not stated definite policies; this meant that it
was difficult to estimate requirements and maintain pressure on development
and production, In the meantime other programmes of specific nature and a
higher priority had an adverse effect on Rebecca/Eureka production and fitting.
A series of meetings, under the chairmanship of the Controller of Communications,
was inaugurated in order to discuss the special requirements for Rebecca/
Eureka and to devise measures to hasten the production and installation
programmes to meet the operational requirements, bearing in mind other radar
needs. On 18 November 1943 it was stated that the total requirement for
Rebecca Mark II was 2,258 sets, and various measures were authorised to
improve the situation. The production contract for Rebecca Mark II '
iuareased to 3,200 and the Ministry of Aircraft Production was instructed to
accelerate production by using additional contractor firms and by hastening
type approval. Rebecca Mark III was required for all Hamilcar gliders and for
30 per cent of Horsa gliders, a total of 960; the existing contract was for
600 sets.i In January 1944 the Allied Expeditionary Air Forces’ requirement
was 250 Rebecca Mark II for powered aircraft, and 150 Rebecca Mark III for
Horsa and Hamilcar gliders. By that date No. 38 Group had received 90 sets
of Rebecca Mark 11, production of which was expected to start in February 1944.
Delivery of 200 sets by the end of March was anticipated. The forecast
production of Rebecca Mark III was 150 by the end of January and 100 per month
thereafter. In March 1944 the short-term provision to cover both training and
operational requirements for the impending liberation of Europe was stated to
be the installation of Rebecca Mark III in 50 of the 850 Horsa gliders available.
The long-term policy was for the fitting of one-third of all gliders engaged in
airborne forces’ operations. Rebecca Mark I was more suitable for S.O.E.
operations, and it was therefore possible to allocate all Rebecca Mark 11
deliveries to the A.E.A.F. By March 1944 the remaining stocks of Rebecca
Mark I were exhausted and the Ministry of Aircraft Production initiated a
contract for a further 200 sets for use on S.O.E, operations. By 25 April 1944
home requirements for Rebecca Mark I had been met and thereafter this version
was installed in reinforcement aircraft sent to the M.A.A.F, By the beginning
of May 224 sets of Rebecca Mark II had been delivered of which 200 had reached
No. 38 Group.a

In spite of the fact that the Rebecca/Eureka system was considered to be
inherently secure, the part it was expected to play in the initial landings was
thought to be of such vital importance that certain measures were taken to
prevent effective jamming by the enemy. Tlie risk from ground stations located
more than 30 to 40 miles from the dropping zones was slight, and plans to
neutralise the German gromd jamming systems had been made for other reasons,
principally because of their effect on Gee, A more serious danger was employ
ment by the enemy of airborne jammers. A detailed appreciation of the
possibilities was made in February 1944 but it was not until the middle of May.
after airborne jammers had been used by the Luftwaffe during a raid against
Portsmouth, that ̂  em^gency programme was initiated to provide aircraft of
No. 85 Group, Tactical Air Force, with the means of homing to airborne jammers.
Several Lucero equipments were modified by the T.R.E. to give the widest
possible frequency coverage in that role; the whole programme, involving
extensive work on the equipment and its installation in six aircraft, was

^ A.M. File C.39546/49.

was

’A.M. File CS. 13367.
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completed within ten days, whilst special jammers were also built for use in
training. The anti-jamming aircraft were employed during the landings in
accordance with plans made with Headquarters No. 11 Group and Headquarters
No. 85 Group, but, in the event, the enemy did not employ airborne jammers
against the sjrstem.^

The shortage of Eureka was more acute than that of Rebecca, partly because
the beacons were required as an item of test gear as well as for operations, and
partly because they were highly expendable, many being damaged or destroyed
in the field. The same problem of conflicting requirements existed as for
Rebecca. On 18 November 1943 it was stated that the requirement for Eureka
Mark fl was 225 for the airborne forces in the United Kingdom, 100 for the
Mediterranean Air Command. 100 for the airborne forces in India and 30 for the

Tactical Air Force; existing contracts covered the provision of 505 beacons.
Eureka Marks IIIA and IIIB were required in large riumbers and the Controller
of Communications ordered contracts to be increased to 500 Eureka Mark IIIA

and 1,600 Eureka Mark IIIB.® The latter were required by the S.O.E. for use
in the United Kingdom, Mediterranean and India up to December 1944.® In

January 1944 Headquarters Allied Expeditionary Air Force stated a require
ment for 30 Eureka beacons for A.E.A.F. and 175 for No. 38 Group. The stock
of Eureka Mark II was very low; the production forecast was 50 in January,
75 in Febr\iary, 100 in March and thereafter 100 per month. Eureka Mark IIIA
beacons were of the greatest use for S.O.E, operations and a crash programme
of 100 Eureka Mark IIIA was started in December 1943, 50 of which were

allocated to the S.O.E.* By February 1944, 40 Eureka Mark IIIA beacons were
available and priority had to be decided between the requirements of S.f.S.®
and S.O.E. The S.I.S.. to meet its projects for Operations Crossbow® and

Overlord,’ required 30 for dropping during the March‘moon period and 20
during the April moon period. Thereafter 15 per month were required for
May, June and July. The S.O.E. maintained that three or four times the

number of special operations could be carried out if more Eureka beacons were
available, and held that meeting the S.O.E. requirement for Rebecca/Eureka
would be fully justified by the consequent reduction in the number of abortive

sorties and the increase in scope of special operations in dark periods and bad
weather. 500 Eureka Mark IIIB were required by 1 March and 810 by 1 June.
This, added to the needs of the S.I.S., made a totd requirement of 1,405.
Attempts were made to resolve the conflicting priorities and on 13 April 1944
it was agreed that allocation should be made in proportion to stated requirements,
that is, three to one, on each consignment of beacons delivered from the

manufacturers. There was no conflict between Headquarters Allied Expedition
ary Air Forces and the S.O.E. over Eureka requirements because Eureka
Mark IIIB was unsuitable for operations carried out by the former.® By April
1944 the number of S.O.E. sorties carried out averaged 1,000 per month from

* T.R.E. Report, ‘ Work of T.R.E. in the Invasion of Europe
‘‘A.M. File C.39546/49.
“ A.M. FUe C.16332/44. The total extra cost involved by the increase of the Eureka

Mark III programme was £138,000.
* A.M. FUe CS.l3367.

® This organisation was controlled by A.I.2{c) at the Air Ministry,
“ The code-name given to aU operations against rockets and flying bombs.
’ The code-name given to operations in north-west Europe."
=* A.M. File CS. 13367.
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the United Kingdom, 1,000 per month from bases in the Mediterranean area
and 500 per month in the Far East, and the existing supplies of Eureka beacons
were sufficient only to cover 10 per cent of the operations.^ By the middle of
the month Eureka Mark IIIB equipment had been delivered by the firm of
Cossor, 10 to the S.I.S. and 17 to the S.O.E. The first contract with the firm
was due for completion in August 1944 and a second was to be placed in
November, the gap between the two being filled by another firm scheduled to
produce 25 sets per week from July, Considerable difficulties were being
encountered with the production programme. One was a hold-up at the
contractors caused by the high number of sets that were faulty. R.E.M.E.
pjersonnel from the S.O.E. organisation had been allocated for fault-finding
duties and had proved invaluable but only two of the six men originally promised
were sent and they could not cope with the entire output. The S.O.E. was
urged to reinforce them and two more were sent in July. Another difficulty was
caused by the shortage of test gear.'* In June 1944 the Air Ministry reported
that Eureka Mark 11 had been given wide operational use and the revised
requirements were estimated at 1,323. This, it was believed, would cover the
requirements of the Tactical Air Force, the airborne forces in the United
Kingdom, M.A.A.F., and Air Command, South-East Asia, the S.O.E., training
spares and wastage. The wastage rate of Eureka Mark II beacons was very
high because they were dropped with the pathfinding force of paratroops, and
after the main force had been dropped, were usually destroyed to avoid the
possible risk of capture by the enemy; the paratroops could not guard the
beacons because they were engaged in active fighting. The Ministry of Aircraft
Production therefore obtained financial sanction for the provision of an additional
818 Eureka Mark II beacons at a further cost of £81,800 on 24 July 1944.3

Another reason for the difficulty in obtaining supplies of Eureka beacons lay
in the fact that not only the Air Ministry but also the Admiralty required them.
In September 1944 the latter stated a requirement for 20 Eureka Mark IIIB
to meet a training commitment between September and December 1944, and
600 Eureka Mark 11 lA. At a meeting held at the Air Ministry on 26 September
1944 the Admiralty was asked to consider using the' American version.
AN/PPN-1, instead of Eureka Mark IIIA. Two sets of the American equipment
were supplied for flight trials. Promising results were obtained, and in
consequence the Admiralty cancelled its contract for 600 Eureka Mark IIlA.
It was decided that the components released by this cancellation were to be
used for an additional quantity of 600 Eureka Mark IIIB, thus increasing the
total contract to 2,700.'*

Production in the U.S.A.

One method of relieving the shortage of Rebecca/Eureka equipment was by
obtaining supplies from the U.S.A. American interest in Rebecca/Eureka was
first stimulated in the summer of 1942 when the U.S.A.A.F, was beginning to
increase its strength in the United Kingdom. The troop carrier operations
planned for Operation Torch, the landings in French North Africa, provided an
opportunity fot trying out the system. Four of the latest-type Dakota aircraft
(C.47) of the Troop Carrier Command were fitted with British Rebecca Mark I

,  and two officers were trained at the T.R.E. in the operation of Eureka, with the
' A.M. File CS.22066.

* A.M. FUe C.16332/4-1.
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intention that they should be sent out in advance to set up a beacon as a guide
for the aircraft flying from England. Unfortunately the system was not used
because the risk of discovery was deemed to be too great and the beacon was
destroyed. This experimental installation had, however, interested the

U.S.A.A,F. authorities in the use of Rebecca/Eureka for transport and paratroop
aircraft. At a meeting held by Sir Robert Renwick on 10 November 1942 it

was agreed that the U.S.A.A.F. should allot one C.47 aircraft for fitting with a
prototype Rebecca Mark II installation. The T.R.E. co-operated fully with
the American authorities, giving them all available technical information. The
aircraft was fitted at Burtonwood in January 1943 and left for the U.S.A. on

10 February; a Eureka Mark I beacon and an experimental model of the

miniature Eureka Mark HI were also supplied, Inthe meantime fourU.S.A.A.F.
mechanics were given a short course at the T.R.E. and thereafter went to

Netheravon to gain experience in the ground servicing of Rebecca.^

Shortly afterwards, since it was clear that U.S.A.A.F. troop carrier aircraft
would form the bulk of any Allied force in airborne army operations,
Mr. R. Hanbury Brown of the T.R.E. was sent to the U.S.A. to give technical
advice. He was largely responsible for the initiation of an extensive programme
of fitting C.47 aircraft with the American equivalent of the British equipment.
Development of the American version proceeded quickly and by April 1943 an
interim Rebecca/Eureka system had been developed. Interim Rebecca was

known as AN/APN-5 and consisted of a transmitter/receiver unit, two convertors
and three aerials. The transmitter could be preset by screwdriver adjustment
anywhere between 214 and 234 megacycles per second; the receiver consisted
of an American version of A.S.V. Mark II with a local oscillator modified to

cover 214 to 234 megacycles per second; the indicator was an unmodified
A.S.V. Mark II indicator. The aircraft aerials were vertically polarised and
consisted of two azimuth aerials on each side of the aircraft nose with a trans

mitting aerial under the nose. Each azimuth aerial consisted of a single dipole
and director transmitter aerial complete with a wave radiator and one director.

The interim Eureka was designated AN/TPN-1 and consisted of a modified

version of I.F.F. Mark HIG.* By July 1943 production had started in the

U.S.A. of the final-type Rebecca/Eureka equipments. The final type of Rebecca
was known as AN/APN-2 and its installed weight was approximately 75 pounds.
It had a superheterodyne receiver, and a transmitter with five preset frequency
positions and two manual frequency changes. The frequency coverage was
212 to 236 megacycles per second. The power output was approximately
500 watts. Three time-base ranges were available, 10 miles, 50 miles and
100 miles. The production version of Eureka was known as AN/PPN-t and
an improved version was designated AN/PPN-2.®

When in 1943 the shortage of Eureka beacons was acute in the United

Kingdom attempts were made to obtain supplies from the U.S.A. In August
1943 the Ministry of Aircraft Production signalled to the British Air Commission
an urgent requirement for 100 AN/PPN-1 for the S.O.E. because the supply of
Eureka Mark HI was almost exhausted. Fifty beacons were despatched in
October and 50 in November. Of the first consignment two were allocated to

the T.R.E. for examination. Two poor features which reduced the performance
of the beacon were reported. First, the received band width was 2 • 0 megacycles

» A.M. File C.30703/46.» A.M. File C,39S46/49.-.A.M. FUe C.39546/49.
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per second instead of 3-5 megacycles per second, which had been considered
desirable in the British equipment. Secondly, the aerial system was badly
matched on 214 megacycles per second, which apparently caused poor ranges
on that channel. However, no improvements could be incorporated in
AN/PPN-1 because of the speed of production, but* recommendations made
by the T.R.E. were considered for alater improved version. Again in November
1943 the Ministry of Aircraft Production stated a minimum requirement of
50 Eureka beacons because all the demands of the British forces could not be
met from home production. One difficulty in obtaining supplies from the U.S.A.
was the large nuinbers needed by the American forces, not only in the European
theatre but also in south-east Asia and the Pacific. While this need persisted
the U.S.A. a-uthorities were reluctant to issue equipment to the British forces
and the British Air Commission hesitated to pass on requests from the Ministry
of Aircraft Production for Eureka unless there was some assurance that its
operational use would benefit American troops. In April 1944, Eureka beacons
manufactured in the U.S.A. were being used in special operations by and for
the Americans. By that date two squadrons of the tl.S.A.A.F. were engaged
on special duty operations and, fitted with Rebecca, were guided by Eureka
beacons which were available for either British or American aircraft. The vital
need for Rebecca/Eureka in S.O.E. operations in order to increase their scope
and to reduce the number of abortive sorties was constantly stressed. In fact
the Air Ministry estimated on 25 April 1944 that if sufficient equipment
available the effect would be equivalent to increasing the strength of the aircraft
operating by some 20 to 30 per cent. British production of Eureka Mark III
beacons was totaUy inadequate for S.O.E. needs although all of it had been
allocated for this purpose. On 21 May 1944 the Ministry of Aircraft Production
informed the British Air Commission that the minimum needs until the end of
the year were 625 for the airborne forces and 930 for the S.O.E. In the U.S.A.
General McClelland proved himself very helpful and applied all possible pressure
to the Signals Corps in order to increase production.'

Operational Use in the Nmmiandy Landings
The plans for the airborne anny landings in Normandy were based to a large

extent on the experience gained from Operation Husky. The final plans for the
main operations were ready a fortnight before D-Day. The 6th Airborne
Division was to be landed near the bridges crossing the Caen canal, while the
two .American divisions were to attempt to cut off the base of the Cherbourg
peninsula. At the last moment the American plan was changed because of
recent German troop movements and both divisions were to be landed near
each other on the east side of the peninsula.

Rebecca/Eureka had three functions in A.E.A.F. operations; first, at base
airfields, secondly, at rendezvous points and, thirdly, at dropping and landing
zones. The Britisli force, consisting of Nos. 38 and 46 Groups from airfields in
the Salisbury and Swindon areas, crossed the coast in three streams at Worthing.
Littlehampton. and at Bognor, and proceeded to a point off the French coast,
near Le Havre, but just outside the range of the powerful coast defences. They
then turned right, the Window-dropping diversion going straight on to the east
of Le Havre area ; the main force, arriving off the coast about the end of the
Caen canal, flew inland to its various objectives. Three dropping

> A.M. File CS.22066!
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used; general navigation to the dropping areas and timing of the aircraft to
arrive at intervals of exactly 15 seconds at their release point was based on Gee.
Coded Eureka beacons were put in operation at the three points on the south
coast where the streams of aircraft had to cross. Each was on a different

frequency channel, the same channel as that of the dropping zone to which the
aircraft were proceeding, thus providing a final check before leaving England.
The pathfinder forces had to drop their troops with the aid only of map-reading
and Gee but the main force had Eureka beacons set up at each of the dropping
zones working on different channels with no coding. The bulk of the British

force in the first night's operation consisted of paratroopers^ but two small

glider-borne forces made attacks; one against the Canal bridges and the other
against a coastal battery. The three Horsa gliders used by the second force
were fitted with Rebecca Mark III and it was hoped that tlie Independent
Parachute Company would be able to move the Eureka beacon from dropping
zone ' V ’ to the neighborhood of the battery in time for the glider landing.
The Rebecca Mark III installations were working well as the aircraft crossed
the rendezvous beacons on the way out but the Eureka beacons did not reach

the landing area in time to be of assistance.

In addition to setting up Eureka beacons, the advance troops of the
Independent Parachute Company had to put out an elaborate lighting system
in the form of a ‘ T ‘ to provide visual aid. Preliminary reports seemed to show
that the extent to which Eureka was used depended on the amount of visual

aid available at the particular dropping zone; aircrews preferred to rely on
visual aids where possible, and on D-Day visibility at dawn was good. At
dropping zone ' N where the lights were good, about 20 per cent of aircraft
used Eureka to help them locate the target or to determine their range from it on
the approach. At dropping zone ‘ K where the lights were not so good, 50 per
cent of the aircraft used Eureka and at least one pilot dropped his troop with
its aid. At dropping zone ‘ V ’ no visual or radio aids were observed and this

part of the follow-up force went astray to some extent and its troops were
dispersed. The following evening the same zones were used again for a mass
landing of gliders as reinforcements, and for resupply. By that time the beacons
had been resited on more favourable ground and very good ranges were reported
from a large proportion of the aircraft.^

Between 6 June and 10 July 1944 Headquarters No. 38 Group kept a complete
record of the operational results of the use of beacons at base airfields. On

346 flights the average range obtained in homing was 25-2 miles at an average
altitude of 2,170 feet. The amount of interference reported was negligible and
serviceability figures averaged 90 per cent. Similar results were obtained from
Eureka beacons installed at rendezvous points in the United Kingdom for
aircraft participating in the operation, but the use of Rebecca/Eureka at dropping
and landing zones was not so successful. An average of 10-5 per cent only of
the total number of aircraft involved made successful vae of the system to home
to their targets, possibly because the majority of navigators preferred to find
the targets by an alternative radar system (Gee) or by visual means. The
general conclusion reached as a result of the study of the use of Rebecca/Eureka
in No. 38 Group operations during June and July 1944 was that it was very
satisfactory as a homing system to base airfields or to any specific point in

1 T.R.E. Report, ‘ Work of T.R.E. in the Invasion of Europe *.
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friendly territory. It was not so reliable as a homing system to targets in enemy
territory bnt the percentage of success was sufficiently great to warrant its
continued use. When it was possible for aircraft to receive the Eureka signal
it proved a reliable homing aid. The handicaps to fully successful use of
Rebecca/Eureka in enemy-held territory were the difficulties of siting Eureka
beacons in the best possible position for transmission, the difficulties of
adequately servicing the beacons, and the danger of Eureka being damaged
or destroyed by rough handling or by enemy action.

The Ninth Troop Carrier Command of three wings was based near Grantham,
Reading, and Exeter, Aircraft had to cross the coast at Selsey Bill and fly to*
the west of the Cherbourg peninsula, turning off their southerly course when
level with the base of the peninsula and flying across it from west to east.
Again a Window diversionary force continued southward. Since only the
leading aircraft in the American formations were fitted with Gee and SCR. 717C
search radar, more use had to be made of track-marking beacons and four were
provided either in England or in ships along the route. There were six dropping
zones for the American troops. The pathfinder force flew in three aircraft per
zone, the leader in each case navigating by Gee and the other two being ready
to take over the lead immediately with sets fitted with other R.F, units if
both the top Gee channels should be jammed. The advance troops marked the
dropping zones with Eureka beacons. In some cases lights were also used but
where enemy opposition was too great for visual aids to be provided the troops
sheltered in ditches with only the aerial of the beacon projecting above ground.
Of the follow-up force about 75 per cent used Rebecca to find the target and
oyer 25 per cent dropped blind with its assistance owing to the absence of any
visual signals from the ground. The American plan provided for manual coding
of Eureka signals in addition to correct frequency selection as a safeguard
against enemy decoys and this was successfully used.
The successful use of Rebecca/Eureka in the airborne army landings in

Normandy justified the effort expended in development, production and training
in the months before the operation. The reputation of the equipment, which
had been shaken by its disappointing results in the Sicily landings the previous
year, was restored and it was proved, as many had maintained, that the earlier
failure was due not to an inherent weakness in the system but to lack of
organisation. For successful operations troops had to be dropped, or gliders
landed, in a compact force on a predetermined zone. The results of the
Normandy operations proved that Rebecca/Eureka was helpful in locating
dropping points where visual markers were ineffective through weather or other
conditions.

Provisioning for Use in North-West Europe
As the ^lied armies advanced across France the problem of supplying

isolated units cut off from normal supply lines emerged, and the use of Rebecca/
Eureka in resupply operations appeared essential. At a meeting at the T.r!e.
on 20 June 1944 it was stated that no major developments of the equipment for
the normal troop-carrying function seemed likely but future work depended on
the use to which the system was put for the dose-support and resupply roles.
Special provisioning methods were devised for supplying Eureka beacons to

* A.E.A.F. Report AEAF/TSlS512/Nav dated 7 August 1944^
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airborne forces. The Air Ministry was responsible for initial provisioning based
upon recommendations from the War Office, and until they were required the
beacons were stored and serviced at Headquarters No. 38 Group, where
instructions for army personnel on siting and installation were prepared.
Co-ordination of the times of operation of beacons during resupply operations
was obtained by briefing in the United Kingdom of personnel taking part.
Army personnel did not service beacons in the field, failure to operate teing
covered by the provision of a liberal number of spares. If possible, beacons
were returned after completion of an operation to Headquarters No. 38 Group,
where repairs or major overhauls were carried out  j if not, they were destroyed
in the field. The co-ordination of storage, preparation, issue, and maintenance
at one central depot was found to be essential to ensure standardisation in

setting up the required frequency channels and to save time and effort in getting
beacons received from the contractors tested, set up and issued for use.^ In
September 1944 Headquarters A.E.A.F. requested the modification of Eureka

Mark II to give higher power output because a more reliable equipment was
required for operation on a 24-hour basis on airfields. The Ministry of Aircraft
Production opposed this suggestion because modifications to improve the
performance of the equipment would result in delays in production. Therefore
the Air Ministry decided that production should proceed on the existing design,
which was considered satisfactory for paratroop and supply-dropping operations.

The landing of Allied armies in north-west Europe was the signal for greatly
increased activity among the resistance movements in the occupied countries.
They needed supplies, and beacons to guide the supplying aircraft. On 24 June
1944 General Eisenhower signalled General Marshall in the U.S.A. asking for
an allocation of Eureka for S.H.A.E.F. over and above those already allocated
to the American forces in the United Kingdom. The U.S.A. authorities suggested
that, as the entire June and July production had been allocated, S.H.A.E.F.
should redistribute its own allocation as seemed fi.t. In July the Air Ministry
informed S.H.A.E.F, that all Eureka beacons received from the U.S.A. were

sent to Tempsford for issue to the S.O.E. and were used in western Europe,
but British equipment was allocated between the various theatres and users, the
war against Germany being given priority, Conflicting demands were referred
to the Deputy Chief of the Air Staff for a decision.. In spite of these urgent
requests Eureka equipment was not available in the quantities required in
north-west Europe in the early stages of the liberating operations. However,
by the winter of 1944 the type of activity requiring Rebecca/Eureka equipment
was very much reduced. In November 1944 the requirement was estimated at

2,430 AN/PPN-1 and 2,535 AN/PPN-2 for 1944 and 1945; this covered the
known requirement supplemented by British production of Eureka Mark lUB.®

The airborne forces found that the light-vJeight beacons, Eureka Mark III
and the American AN/PPN-1, did not meet their requirements as well as did
Eureka Mark II, and production of Eureka Mark II was given overriding
priority at a meeting on 6 September 1944. This was also accorded to the delivery
of controlled components but, even so, the Ministry of Aircraft Production could

not promise delivery at a rate greater than 50 in February 1945, 100 in March
and 150 per month thereafter. By the spring of 1945 a serious set-back to the
production of the miniature Eureka Mark III beacons occurred because of the
cessation of production of the American Type 9000 valves, the number of

* .ai.M, File CS.22066.‘ A.M. File C.30633/46.
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miniature beacons which could be made being limited by the stock of valves.
The Air Ministry, however, stated on 25 March 1945 that the estimated
production of the equipment in addition to the AN/PPN-1 sets available from
the U.S.A. would suffice for all needs in the European war and for interim
supplies to A.C.S.E.A.^

Operational Use in Overseas Commands

The use of Rebecca/Eureka was extended to overseas theatres of war when
successful operations at home had proved how valuable it was for target location.
Its application in areas outside the United Kingdom was limited because of the
shortage of supplies; most of the equipment available was required for home
operations.

I n September 1942 the possible employment of Rebecca/Eureka was considered
in the Middle East. The Operational Research Section at Headquarters R.A.F.
Middle East recommended that the system be used in a comprehensive way as
an integral part of all close-support operations. Its use in the United Kingdom
was limited to specialised operations but its employment on a large scale was
considered better for the Middle. East because of the peculiar geographical
features of the theatre. The possible uses to which Rebecca and Eureka could
be put included position plotting, bombline direction, air-to-ground co-operation,
target-marking, supply-dropping, and landing-point location. In October 1942
the Operational Research Section, Middle East, estimated that for operations
in the Western Desert and the Delta 1.700 Rebecca, 450 Eureka Mark II. and
100 Eureka Mark III equipments were required. Additional quantities of
equipment would be needed if hostilities spread to the Levant and Iraq; in
addition to Rebecca installations in the aircraft engaged, 250 Eureka Mark II
and 50 Eureka Mark III beacons would also be needed. In November 1942
Headquarters R.A.F. Middle East stated that Rebecca was not to be fitted in
single-seater fighter, tactical reconnaissance or close-support aircraft. In
J^uary 1943 twelve sets each of Rebecca Mark I and Eureka Mark I and
nine modification kits for Wellington Mark III aircraft were despatched from
the United Kingdom to the Middle East. At the same time an R.D.F. officer
and two mechanics trained in the servicing and fitting of the equipment were
posted there. By April 1943 one Wellington, one Hudson and two C.47 (Dakota)
aircraft had b«n fitted with Rebecca. Up to that time Rebecca was used in
conjunction with parachute dropping only, because it involved merely simple
homing with a Eureka beacon. The extended use of the system for direct air
support, target indication and bombline definition involved fixing at a distance
from the beacon and consequently a mudi higher standard of operation and
much practice.*

The first operation^ use of Rebecca/Eureka on a laige scale in the
Mediterranean theatre was in Oj^ration Husky. From 11 June to 26 August
1943, Mr. J. W. S. Pringle, of the T.R.E., visited the area to assist No. 38 Wing,
to obtain first-hand information on the operation of air support in a land
campaign, and to advise on the applications of Rebecca and related projects
m the Middle East. Several recommendations were made to improve the R.D.F,
organisation in the Mediterranean theatre. One feature noted was the lack of
up-to-date information. Most of the R.D.F, staff officers had been

* A.M. File C. 16332^
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for several years and were out of touch with the latest radio development at
home. They were not able to appreciate the uses to which the newer radio

systems might be put. The lack of information also resulted in requirements
not being stated clearly. Overseas commands did not know what to ask for
and departments at the Air Ministry could not always visualise completely
overseas needs.'

The use of Rebecca/Eureka in the Far East theatre of war was accepted as
early as December 1942. The Air Ministry stated that Rebecca Marks II and III
and Eureka Marks II or III would be required.* Different types of Rebecca
and Eureka were needed according to the operation planned. Eureka Mark II
beacons were needed to cover resupply operations. Mobile beacons were

urgently needed in that area because forward ground troops were completely
dependent upon air supply for the whole period of operations, not merely during
the assault phase, as in Europe. It was anticipated that Eureka worild be

deployed in forward areas with the minimum of servicing for weeks at a time,
perhaps even months. Rebecca/Eureka homing was essential during the
monsoon because in this period air supply had to be maintained even if
operations were curtailed.® Eureka Mark III beacons were intended for use

to mark paratroop dropping zones and on advanced landing strips. Rebecca
Mark II was required for powered aircraft and Rebecca Mark 111 for gliders.*
In spite of early requirements being stated equipment was not available for
the Far East because commitments in the United Kingdom had priority.
Demands for variations of the equipment continued to be received by the Air
Ministry. From June 1944 urgent requests for Rebecca Mark IIB for
retrospective installation in Liberator GR aircraft of Air Command South-East
Asia were made. Rebecca was needed to replace SCR. 729, an American
interrogator, which was difficult to read and unsuitable for homing and beam
approach purposes. Every effort was made by the Air Ministry to fulfil this
requirement but it was not until the end of March 1945 that 25 equipments
were ready for despatch. These were used (or fitting the Special Duty aircraft
of No. 358 Squadron.® On 31 July 1944 Headquarters Air Command South-
East Asia asked for 128 Eureka Mark III A and a meeting was called at the Air

Ministry on 8 August to consider the request. It was stated that there was a
general shortage of Eureka Mark III A and operations in Europe had priority
over those in the Far East. At the end of that month the Air Ministry arranged
for the despatch from Tempsford of 25 Eureka Mark IIIB to A,C.S.E. A, because
supplies of that Mark at Tempsford were r^onable. By November 1944
131 Eureka Mark HIB had been sent, 73 of which had been specially released
from Tempsford. In December 1944 the S.O.E. stated a requirement for
50 Rebecca installations and 50 Eureka Mark IIIB beacons for supply operations
in the Pacific area. As urgent demands for equipment continued to be received
whatever could be spared was sent but the amount was small.* In April 1945
it was reported that only a very small fraction of the requirements of A.C.S.E..A.
for Eureka had been met because of slow production in the United Kingdom.
In order to bridge the gap I.F.F. sets were modified locally to operate on A.I. and
A.S.V. frequencies, 193 and 176 megacycles per second respectively. Also a
small quantity of AN/TPN-1 and AN/TPN-3 I.F.F. sets modified in the
U.S.A. were sent to the Far East. From March 1945, Horsa gliders were

> A.H.B,/nE/193/l. T.R.E, Report No. 1573,
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despatched at the rate of 20 per month all fitted on the production lines with
the parts necessary for the installation of Rebecca Mark III. Kits, drawings
and leaflets to enable 10 percent of the gliders to be fitted with Rebecca Mark III
retrospectively overseas were also provided.^ Because of the shortage of
beacons allocations were decided by Headquarters Air Command South-East
Asia at monthly meetings, according to the importance of the task for which
they- were required. The end of the war with Germany made the supply
position easier but even then complaints were received about the shortage of
equipment. At the end of May 1945 Army and R. A.F. authorities were seriously
alarmed at the shortage of beacons because the monsoon was breaking in Burma.
The Air Ministry therefore arranged for 25 Eureka Mark II beacons to be
despatched on top priority.® On 12 July A.C.S.E.A. reported that there
no stocks of British Rebecca and even supplies of the American version had
been exhausted. About 100 Dakota aircraft, some Liberator aircraft of No, 357
Squadron, and Halifax aircraft of No. 293 Squadron, required installations.
As an interim measure the Air Ministry arranged for the release from Tempsford
of 50 Rebecca Mark I plus the necessary spares, Twenty-five Rebecca Mark II
were also sent.® In July 1945 A.C.S.E.A. stated a requirement for 200 Eureka
Mark II beacons per month. The heavy demand was occasioned by Special
Duty operations in which the proportion of abortive sorties was high, because
the Rebecca/Eureka system was not efficient. Low efficiency was due partly to
an acute shortage of Rebecca but mainly to beacon failure. Many of the
beacons never functioned at all and A.C.S.E.A. considered that the best plan
was to drop beacons in pairs until the cause of failure could be ascertained and
removed.^ The shortage of Rebecca and Eureka equipment was made more
acute by its failure to withstand climatic conditions. The early Marks
not tropicalised and suitable modifications had to be incorporated to enable
them to be used for more than very short periods.

were

were

Rebecca/Eureka was adopted in the Bengal-Assam-Burma theatre in February .
1944 but full implementation of the policy was not possible for several months
because of the shortage of equipment and the scarcity of radar mechanics
in the command. From February 1944 to January 1945 the transport squadrons.
Nos. 31, 62, 117, 194, 435 and 436, were gradually fitted with AN/APN-2,
and No. 357 Squadron was fitted with Rebecca Mark 11. The establishment
of each squadron was increased to allow for a Rebecca servicing party consisting
of one sergeant, one corporal and nine aircraftmen. By February 1945 the
installation programme for the squadrons was almost completed. Eureka
beacons were employed in three ways in this theatre; at base airfields, at forward
airfields, and to mark supply-dropping points. The scheme was inaugurated
in February 1944 and by March Eureka beacons were installed at Comilla and
Agartala for aircrew training. Eureka beacons (AN/TPN-1) were set up at
base airfields in such a way that there was an adequate chain at each stage of
the advance of the ground forces from the Irrawaddy bend to Rangoo
Throughout the months until the end of the war with Japan a shortage of
radar mechanics existed. This made it impossible to have a trained man on
each site solely for the purpose of keeping the beacon in operation. Instead the
beacon was switched on and supplied with power by air traffic control personnel.
This was not very satisfactory, as accumulators were over-charged and then
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allowed to run down very low before recharging. This resulted in all components
receiving a highly fluctuating power supply giving rise to varying ranges of
pick-up which made navigators lose confidence in the equipment. Another
fault was delay in reporting unserviceability. Signals wings were responsible
for servicing but they too were so short of radar mechanics that routine inspection
visits to sites were very uncertain. Eureka beacons used at forward airfields

were the same type as those used at base airfields, AN/TPN-1. In April 1945,
A.C.S.E.A. allocated 12 beacons for use on forward airstrips being temporarily
used by transport aircraft. There was not such a shortage of radar mechanics
as at base airfields for, whenever possible, a radar mechanic was kept at each
beacon site. There was however a general shortage of radar mechanics, Eureka
beacons, spares and test gear until the middle of 1945, and this proved the
greatest h^dicap to the Rebecca/Eureka system. Nevertheless, serviceability
of Eureka beacons at base and forward airfields was maintained at a fairly high
standard, mainly because of the great efforts made by the few servicing personnel
that were available, and successful improvisation.

Eureka beacons were also set up by forward Army units to mark points
where supplies were to be dropped, the beacons used being the American
AN/TPN-1 and British Eureka Marks II and IIIB. The use of Eureka to mark

supply-dropping points was not successful; analysis of k sample of 9.321 dropping
sorties showed that Rebecca was used to locate zones on 330 occasions only.
There were several reasons for this. The beacons used were light-weight and
therefore not robust; there was a lack of co-operation between the Army and
R.A.F. at all points ■ the operators were initiklly untrained and consequently
beacons were badly sited and power supplies were poor ; Eureka operators were
engaged on brigade signals work as well as beacon operation and when the

pressure of work was high the beacon was apt to be neglected; it was very
difficult to find good sites for beacons because the supply-dropping points had
to be located at spots free from enemy attack and these were usu^ly poor for
Eureka transmission; both aircrew and ground operators easily lost faith in
the system, ground operators if they had several beacons which quickly went
unserviceable, and aircrew if they experienced several failures to locate Eurekas.

Fortunately night drops were not necessitated in the area, since there was little
enemy air opposition. Otherwise the shortage of success of Eureka beacons

might have had even more serious results if night drops had been the only means
of getting supplies to the troops. A definite policy for the supply and use of
Eureka for supply-dropping operations was not formulated until February 1945
and was not fully operative even at the end of hostilities.*

Requirement for Talking Rebecca/Eureka

In the early part of 1944 the S.O.E. expressed a requirement for a portable
communications system. By the middle of July 1944 the Telecommunications

Research Establishment had completed development of a Rebecca/Eureka
system to which duplex speech communication facilities had been added. In
the aircraft installation a communication unit, measuring 9 by 8 by 18 inches,
was incorporated in Rebecca Mark II. The normal interrogator system consisted
of a transmitting aerial having fair all-round looking properties and two receiver
aerials, one on each side of the nose of the aircraft. There were considerable

‘ A.C.S.E.A. O.R.S. Report No. S.71 dated 19 November 1945.
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variations in signal strength as the aerials were switched from port to starboard
except when the beacon was either dead ahead or astern. As the variations
were likely to distort the received speech, a second aerial system, consisting of
an omni-directional quarterwave element, was connected to the receiver by
means of a remotely controlled aerial switch. The homing system was
disconnected at the same time so that only range indication was given when
the second aerial was used. A strobe unit was introduced to reduce the back
ground noise. On the ground a Eureka Mark III beacon was used with the
normal Eureka collapsible aerial and the addition of a speech unit which was
approximately the same size and weight as the beacon. Communication was
effected by means of the S-phone and the equipment was designed to give
roughly the same communication ranges as the S-phone while, at the same time,
retaining its normal homing and range measuring facilities.

Aircraft homed to the Eureka beacon by means of Rebecca until within
10 miles of the ground station. Speech transmission was then obtained by
switching the interrogation pulse recurrence frequency from 300 cycles pet
second to 5 kilocycles per second and by modulating it over the band 3-8 kilo
cycles per second to 6-2 kilocycles per second. The ground station then detected
the incoming pulses and, by suitable integrating circuits, the
frequency was filtered out and the speech presented at the headphones of the
beacon. The reverse channel was different. It was impossible to vary the
pulse recurrence frequency of the beacon response because range indication to
the interrogating aircraft had to be maintained. This difficulty was overcome
by locking the beacon to the 5 kilocycles per second incoming pulses, the width
of beacon responses being varied from 5 to 15 micro-seconds at a rate corre
sponding to the speech frequencies. Speech tra^ismission could not
until the aircraft switched its interrogation pulse recurrence frequency from
300 cycles per second to 3 kilocycles per second.

Trials of the equipment, carried out at the T.R.E., showed that the system
provided homing up to 22 miles and speech facilities up to 10 miles with aircraft
flying at a height of 1,000 feet.^ Trials were held in No. 38 Group at the end of
1944 in which a maximum range of 12 miles was obtained with aircraft heights
of 2,000 to 8,000 feet. After trials had proved the value of the equipment the
T.R.E. made by hand, in the autumn of 1944, five sets of aircraft equipment
and five talking units for Eureka Mark III for the S.O.E.** Two complete sets
of equipment were also despatched to Ho. 38 Group for experimental use with
the Special Air Service. On 26 September 1944 the Air Ministry stated that,
even if it were given overriding priority, production of the equipment could
not be undertaken for nine months and this would not be in time for the S.O.E.
to make use of it. As a result the S.O.E. requirements were reviewed and
subsequently cancelled. By the end of 1944 the T.R.E. had made 10 aircraft
and 20 ground sets for No. 38 Group in order to provide for all possible future
requirements for airborne operations in Europe, whilst 30 Eureka and 20 Rebecca
equipments were requisitioned for holding against contingencies.
Because insufficient operational experience was obtained to justify large-

scale provisioning no further production was arranged until, in January 1945,
interest in the project was revived when the Air Ministry stated that experience
of supply-dropping operations at Arnhem revealed the need for direct, reliable.

’ A.M, File C.30643/467

recurrence

commence

‘ AM. File CS.22822.

335



rapid, and secure communications between the ground forces and aircraft in
the event of the latter having to be diverted. Since the lightest possible ground
equipment was required, talking Rebecca/Eureka seemed to be the most
effective method. On 10 January 1945 a meeting was held to consider all

possible future requirements for the equipment. Headquarters No. 38 Group
stated that 20 Eureka and 10 Rebecca equipments would cover the requirements
for all planned major operations in Europe. It was recommended that talking
Eureka should be regarded as an expendable item and that provisioning should
be on the basis of five times the number of talking Rebecca. It was tentatively
agreed that 200 beacons and 50 aircraft installations should be provisionetl to
meet a possible requirement for supply-dropping in A.C.S,E.A.. and in view of
the stated needs for S,O.E. and S.l.S. operations in the Ear East, the total
requirement for all purposes was estimated as 500 Eureka and 300 Rebecca
installations.^

Production and Operational Use

It was considered that sufficient quantities of Eureka Mark III had already
been ordered from contractors to cover the requirement for talking Eureka and
that sufficient reserves of Rebecca Mark II or IIB were already available. Only
the equipment to enable the necessary modifications to be completed was
required. Contracts for various items were placed with the firms of Murphy,
Cossor and Monitor Radio. In July 1945 a technical officer from the T.R.E.
was appointed co-ordinating officer responsible for the overall engineering of
the complete system.* On 22 December 1945 the Air Ministry reported that,
although the talking Rebecca/Eureka programme was almost completed, its
abandonment was recommended. The design of talking Eureka was funda

mentally not very satisfactory and it employed American valves, which, on the
cessation of Lease-Lend, becanie very expensive to purchase. As Rebecca
Mark II was to be superseded by Rebecca Mark IV it seemed unwise to continue
with a talking version of the older Mark.® It was therefore agreed that a
talking version of Rebecca Mark IV should be developed on a low priority.
The operational use of talking Rebecca/Eureka during the war was limited
because of the delay in stating a definite requirement in time for large-scale
development and production, although by March 1945 No. 38 Group was using
the T.R.E. hand-made sets on resupply operations. In an attempt to overcome
errors experienced in medium-altitude container-dropping operations a path
finder technique was adopted, in which one aircraft equipped with talking
Rebecca was briefed to act as a ‘ master aimer

Use of Rebecca with Airfield Homing and Beam Approach Beacons

One of the important uses to which Rebecca was put was as an, iixterrogator
with the Beam Approach Beacon S3retem (B.A.B.S.) and radar homing beacons.
As an independent radar interrogator having its own display it could be installed
in aircraft which were not fitted with main radar equipment for some other

purpose. In the early days of its development the primary function of Rebecca

was held to be the assistance of offensive operations, and airfield homing and
beam approach facilities were regarded as incidental. There were some
dissidents from this view. The Ministry of Airersdt Production realised the

‘ A.M. File C.30643/46.
• A.M. File C.30623/46.
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value of Rebecca as an interrogator and recommended in September 1942 that
aircraft not fitted with location or interception radar should be equipped with
Rebecca. However, in an Air Ministry memorandum on Rebecca/Eureka
published in March 1943, it was stated that although the installation of Rebecca
enabled aircraft to use airfield homing and B.A.B.S. it was not worth Mobile
fitting it for that purpose alone.» This was because at that time operational
aircraft used other approach systems or alternative interrogators. Bomber
Command was still using S.B.A.. and for B.A.B.S. Mark II the use of Lucero
was envisaged. Fighter Command used V.H.F.B.A.. and for B.A.B.S. Mark IF
used the A. I. installation; Coastal Command used A.S.V. for interrogating
B.A.B.S. Mark IC. Rebecca was regarded as an alternative to be used for
airfield homing and approach only when it had been installed for
operational purpose.

a primary

The existing interrogator systems contained inherent disadvantages which
necessitated the development of an independent installation. Their reliance

main radar installations was potentially dangerous if the main radar failed
when the weather was poor and the aircraft required beam approach facilities
to enable it to land. Consequently development of  a version of Lucero not
dependent on the main installation, known as Lucero Mark III, was begun.
This consisted of Lucero Mark II, an I.F. strip and a Rebecca type of indicator.
At a meeting on 8 May 1944 it was agreed that Lucero Mark III should be
developed for use with Marks of H2S later than Mark III and for aircraft not
equipped with H2S. As a long-term measure consideration was to be given to
the replacement of Lucero Mark II by Lucero Mark III in all aircraft. In
June 1944 it was decided that Lucero Mark HI should in future be called Rebecca
Mark VI.* The aim was to install eventually Rebecca Mark VI in all bomber
aircraft other than those equipped with Gee-H, in which Rebecca Mark IIU
was to be fitted but. as Rebecca Mark VI was not expected to be available
before May 1945 and Rebecca Mark IIU before the end of 1945, the installation
of Rebecca Mark 11 was decided on as an interim measure. It was recommended
that interrogator facilities for Rebecca Mark II should be installed in sucli a
way that a changeover to Rebecca Mark VI was simple,*
In August 1944 Headquarters Transport Command asked for the installation

of .^.S.V. Mark II to provide radar homing facilities in long-range aircraft but
the Air Ministry recommended the installation of Rebecca IIB as it was 30 to
40 pounds lighter, and in December 1944 this was agreed. At the end of
April 1945 Headquarters Transport Command made Rebecca a requirement
for all home-Uased medium and long-range transport aircraft not already fitted.
By 18 July 1945,175 Rebecca Mark II modification kits had been manufactured.
Sixty were sent to A.C.S.E.A. for retrospective installation, and sufficient
equipments were available for equipping transport aircraft in the United
Kingdom and M.A.A.F., whilst the Ministry of Aircraft Production estimated
that Rebecca would be introduced as a production-line installation after the
first 160 York aircraft had been delivered. Retrospective fitting of Dakota
Marks III and IV was carried out at Kemble and of York Mark I aircraft
No. 32 Maintenance Unit. No. 45 Group in Canada installed Rebecca in
Liberators Mark IX in July 1945,'* At the same time Eureka beacons were
required at Transport Command airfields. In the summer of 1945 the Air
' A.M, FUe C,3!)546/49.
* A M. File C.30622/46.
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conditions of bad visibility confident that he would be .able to land at his

destination. The Air Ministry was unable to comply with the requ«t. partly
because supplies of B.A.B.S. Mark 11 were not likely to be available until May
or June 1945, and partly because Rebecca Mark II was in very limited supply:
it had been provisioned on a limited scale only for the airborne forces. The

Air Ministry recommended that, if the requirement was likely to persist, the
aircraft should be equipped with Rebecca Mark VI. which, in any case, was
much more suitable for beam approach purposes than Rebecca Mark 11.*

In August 1944 the Air Ministry stated that a requirement had arisen for

beacons working on the same frequency as Eureka Mark II to be installed at
permanent airfields to provide homing facilities, on the basis of two complete
beacon installations per site in order to maintain a 24-hour service. The
estimated total was 369 to cover needs in the United Kingdom andin A.C.S.E.A.,
where much larger areas needed to be covered. It was intended that the Eureka
beacons should be used with Lucero as well as with Rebecca.* After the end

of the war with Germany the operational requirements of Tiger Force assumed
primary importance. It was agreed in May 1945 that both the first and second
comf)onents, each consisting of four squadrons of Lancaster Mark VH aircraft,
should be fitted with Rebecca Mark II so that they could interrogate B.A.B.S,
Mark II.® Forty sets were supplied to No. 5 Group by the end of the month
and Bomber Command was given the assistance of No. 43 Group fitting parties.
The first squadrons fitted were at Coningsby and Metheringham. Bomber

Command arranged for 16 Lancaster aircraft from No. 1660 H.C.U. Swinderby,
No. 1654 H.C.U. Wigsley, and No. 1661 H.C.U. Winthorpe, to be fitted with

Rebecca Mark II for training reinforcement crews for Tiger Force, In June 1945
two Eureka Mark II beacons were made available for training radar mechanics
at the Bomber Command Radar School at Feltwell. Experience of the use of

Rebecca with B.A.B.S. during 1945 showed that performance was greatly
improved by the provision of a separate beam appro^ aerial located to avoid
propeller modulation. The Air Ministry decided to introduce the aerial on the
production line and retrospectively as a standard part of all Rebecca Marks 11.
IIB and VI installations, as well as of Mark IIA, which was the American

version, AN/APN-2.

In 1944 it was decided to equip certain aircraft in Bomber Command, 2nd
T.A.F., No. 38 Group and No. 140 Squadron with Gee-H.* Beacon and beam
approach facilities were required, but no provision for the installation of Lucero
or Rebecca had been made. During the latter part of the summer of 1944

development was proceeding at the T.R.E. of a version of Rebecca known as
Rebecca Mark IIU, incorporating the indicator unit Type 166 which was
employed in Gee-H so that, when installed with Gee or Gee^H, Rebecca signals
were displayed on the common indicator. Rebecca Mark HU also provided
I.F.F. interrogation, normal Rebecca homing and B.A.B,S. facilities, and
increased the range accuracy of Rebecca-H. A development contract was

placed with the firm of Murphy Radio, and on 30 September 1944 financial
sanction was requested for the installation of Rebecca Mark IIU in aircraft in

‘ A.M. File CS.23062. The estimated cost was ,^50,745.»A M. File CS.24133.

* A M. FileCS.23614.

«  was required in No. 38 Group aircraft in order that resupply operations could
be carried out at medium altitude, about 7,000 feet, as a result of the heavy tosses of
aircraft incurred when low-level operations were carried out at Arnhem.
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which Gee-H Mark TI was to be fitted. The aircraft were eight squadrons of
^ncaster Mark 11 in No. 3 Group, all Mosquito Mark VI and Mitchell Mark III

No. 2 Group, all Sliding, Halifax and Dakota aircraft in No. 38 Group, and
dl Mosquito photographic reconnaissance aircraft in No. 140 Squadron. An
installation involving two indicator units could not be accepted in the aircraft:
in Mosquito. Mitchell and Dakota aircraft space considerations precluded the
use of two separate indicator units, and in the other types crew duties
necessitated the use of a common indicator.^

m

Development of Rebecca Mark IV

On 15 September 1942 a requirement was stated, at  a Ministry of Aircraft
Production meeting, for a small, light, mains-operated interrogator installation,
with meter presentation, for single-seater aircraft. The Royal Aircraft Establish
ment suggested that the transmitter should be similar to that of Rebecca Mark II
but with interchangeable units so that the frequency of 176 megacycles per
second could be made available in the Fleet Air Arm, and the frequency bands
of 188 to 198, and 214 to 234 megacycles per second, for Fighter and Army
Co-operation Commands, The R.A.E. began development of equipment which
was given the nomenclature of Rebecca Mark IV. More difficulties than had
been anticipated were encountered and development was still in progress in the
summer of 1943,

Originally it had been suggested that the equipment might be of value in
close-.support operations, when it would be used in conjunction with Eureka
beacons sited by forward elements of the ground forces. Although the require
ment had not been officially confirmed by the Air Ministry, there
operational requirement for a cathode ray tube display which could be
interpreted without difficulty in daylight.* The T.R.E. therefore modified a
Rebecca Mark III equipment for installation in a Hurricane aircraft in the
summer of 1943 so that flight trials of different tubes might be undertaken
and because the Admiralty had drawn up specifications for an installation in
single-seater aircraft of the Fleet Air Arm.* After several high-voltage tubes
had been tried, the G.E.C. double electrostatic tube was selected as that which

most satisfactory for both night and day viewing. Its substitution for a
normal tube involved increasing the length of the indicator unit from 10 to
12| inches and the addition of another power unit to supply the higher voltages
which became necessary. A small number of components in the control unit
were increased in rating to deal with the higher voltages but this involved
increase in size and weight. The aerial system was designed to cover the band
214 to 234 megacycles per second using vertical polarisation. Separate trans
mitting and receiving aerials were used. The transmitting aerial was a quarter-
wave rod with one director mounted below the engine. The receiving aerials
were quarter-wave rods witli one director and one reflector and were mounted
under the mainplanes. The experimental installation weighed about 90 pounds.*
Comparative trials of the R.A.E. Rebecca Mark IV and the T.R.E. modified
Rebecca Mark III were held in September 1943.* It was found that the R.A.E.
equipment did not solve the problem presented by the Admiralty so the T.R.E.
variant of Rebecca Mark III was chosen for future development. It did not
quite meet the specifications of the Admiralty but the T.R.E. considered that

was an
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the necessary improvement was teasible with further development^ Head
quarters 2nd T.A.F. had continued to show interest in the project throughout
the period of development but in October 1943 definitely confirmed that there

was no requirement for it. The efforts of the T.R.E. were consequently
concentrated on meeting the naval specification. In December 1943 the Naval
Staff stated a definite operational requirement for a miniature Rebecca with

daylight viewing and remote control to operate on the frequencies 176 megacycles
per second, 177 megacycles per second and on one frequency in the band 214 to
234 megacycles per second. The T.R.E. therefore aimed at producing an
improved version of the modified Rebecca Mark III to meet Naval Staff
requirements. The transmitter/receiver unit had to be altered to cover the

frequencies required but five-frequency tuning was not needed. The aerial
system was altered to provide homing on 176 megacycles per second svith
horizontal polarisation, and the transmitter/receiver was modified to allow
common T and R working, made necessary because of the difficulty of fitting
a horizontally polarised transmitting aerial to small, fast aircraft. The time-
base scales were changed from 6 and 36 land miles to 6 and 60 nautical miles.

For newer t5^es of aurcraft, such as the Firebrand, Hellcat and Martlet, the
power unit had to be 24 volts. The equipment weighed about 75 pounds.
Development was given high priority at the T.R.E.* During this period the
modified Rebecca Mark III was known as Rebecca Mark IIIB but in April 1944
the T.R.E requested that the Fleet Air Arm equipment be known as Rebecca
Mark IIIN. A Hurricane aircraft fitted with Rebecca Mark IIIN and a daylight
viewing cathode ray tube was sent to Yeovilton for trials with the Fleet Air Arm.
The trials were successful and the Admiralty requested a supply of 100 Rebecca
Mark IIIN for eventual installation in Hellcat, Corsair and Martlet Mark V

aircraft. The Ministry of Aircraft Production raised a separate contract for
the naval requirements instead of allocating equipment destined for the R.A.F.*
Rebecca Mark IIIN was regarded as an interim version to meet an urgent
requirement for the Fleet Air Arm and while it was being developed the T.R.E.
also conducted experiments with the view of developing, as a long-term project,
a truly miniaturised version of Rebecca Mark IIIN weighing about 40 pounds
which was to take over the name of Rebecca Mark IV from the R.A.E. project
on which work had been discontinued.

During 1944 development of Rebecca Mark IV was continued under the
direction of Mr. K. A, Wood and by January 1945 had reached the point at
which it was possible to place a development contract with the Gramophone
Company. The equipment consisted of a transmitter/receiver unit, control unit
and indicating unit. The transmitter/receiver was enclosed in a pressurised
cylinder lOi inches in diameter and 17 inches long, to provide a factor of safety
for operation at high altitudes and in tropical zones. control unit contained
all the manual and preset controls necessary for satisfactory operation of the
equipment in the air and for daily inspection servicing on the ground. Six
frequency channels in both the transmitter and receiver were available for
preselection with facilities for fine tuning to secure maximum performance.
The indicating unit consisted of a cathode ray tube enclosed in a duralumin

cylinder suitable for direct mounting on the pilot’s instrument panel. The
picture area was 2 inches by li inches but the display could be increased to
three times that size by the use of a special plastic lens. The equipment was

*T.JLE. Report No. T.1572.‘ T.B.E. Report No. T.I572.
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designed to operate from the standard 80-volt 1,200-2,000 cycle AC supply.
FacOities were also provided to give B.A.B.S. presentation on a meter instead
of a cathode ray tube, involving the use of an external box weighing about
50 pounds. As the equipment was intended to be as small and as light
possible miniature components and light alloys were used throughout. The
performance, however, was much superior to that of earlier small light-weight
interrogators. The total installation weight was 48 to 55 pounds, as against
160 pounds for Rebecca Mark IL» One obvious difficulty encountered in
development was in mounting the aerials on aircraft. The equipment could
be operated on the 176 megacycles per second band and on the 214 to 234 mega
cycles per second band; the beacons to be interrogated were horizontally
polarised on 176 megacycles per second and vertically polarised on the higher
band. Therefore two sets of aerials had to be installed on aircraft, one set
vertical and the other horizontal. This was easily done on a large aircraft where
both sets of aerials could be mounted on the fuselage sufficiently far apart to
ensure freedom from mutual electrical interference, but the only available
space on small aircraft was on the mainplanes and this limitation pre-sented
difficulties. All excrescences reduced airspeed, and armament and fittings for
projectiles affected the radiation patterns of the aerial systems. The T.R.E.
therefore had to find some means of using one set of aerials only to cover both
bands. After considerable experiment it was decided in Januarjr 1945 that the
solution was to use vertical aerials only to cover the whole band from 176 to
234 megacycles per second. To avoid denying the use of beacon facilities to
Coastal Command aircraft it was therefore necessary to provide 176 megacycles
per second beacons with both vertical and horizontal aerial systems.* Rebecca
Mark IV could be used with all types of British and American Eureka beacons
operating on Coastal, Fighter and BomberCommand frequencies. It interrogated
I.F.F. Mark III, Mark IIIGR and American equivalents, and ha6 a limited
operation with Walter and similar rescue beacons. Provision was made for
operation with a meter presentation Tinit providing distance orbit and heading
information. A contract was placed with the Gramophone Company on behalf
of the Admiralty for 8,000 sets.®

Development of Rebecca Mark VI

In April 1944 development began at the T.R.E. of  a Lucero equipment which
was to be independent of centimetric radar installations except that it required
a locking pulse. The requirement arose when the disadvantages of an interro
gator for B.A.B.S. and homing beacons being dependent for its serviceability
upon that of the main radar installation became obvious. There was also an
urgent requirement for an interrogator for H2S Marks IV and VI, for which
Lucero Mark II was unsuitable. This new equipment had its own LF. amplifier,
video output and display unit but incorporated the Lucero Mark II TR box.’
The LF. and video stages would be connected to all types of Lucero and were
contained in a box, together with a multi-vibrator, providing an independent
locking source. It was called Lucero Mark III. At the beginning of May 1944
the T.R.E. reported that most of the necessary initial development work had
been completed, although no air tests had been carried out, and recommended
that a development contract should be placed with the firm of Pye Radio

> T.ILE. Report No. J930, Rebecca Mark IV.
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because it had already developed the I.F. strip,^ The performance of Lucero
Mark III was very similar to that of Rebecca Mark IIB, which had the advant^e
of already being in limited production. Lucero Mark III. however, had a better
display for use with B.A.B.S. and the T.R.E. considered that extra facilities,
such as an indication of runway length and automatic amplitude control, could
easily be provided. It could be made to lock to a main centimetric equipment,
thus making possible a display of I.F.F, on a P.P.L The lack of LF.F,
interrogation facilities had been a disadvantage when Rebecca Mark II was

used with B.A.B.S. It afforded greater flexibility as it could easily be modified
from Lucero Mark II by the addition of an indicator unit and an extra box

containing the I.F. strip and video stages. A common transmitter and receiver

box could be used thus avoiding the installation of a transmitting aerial required
by Rebecca Mark IIB. The chief disadvantage of Lucero Mark III was its
weight. The T.R.E. recommended in June 1944 that  a crash programme for
200 sets should be arranged to meet Bomber Conunand’s urgent requirement
for an equipment giving an independent display in some aircraft, particularly
the Halifax, where the H2S display was in the nose. This recommendation

was supported by the Air Ministry. In July 1944 a development contract was

placed with the firm of Pye.® In that month the name of the equipment was
changed to Rebecca Mark VI because it was Air Staff policy to place all
independent interrogators in the Rebecca series, On 8 August 1944 financial
sanction was requested for the provision of Rebecca Mark VI for bomber aircraft
not fitted with H2S Marks II or III, all training, all Halifax, and all Coastal
Command aircraft.® For the last an independent interrogator was particularly
important because the aircraft made long patrols at the end of which approaches
and landings had often to be made in bad weather and the A.S.V. installation
was sometimes unserviceable.

Adoption of Rebecca Mark IV

During 1945 there was considerable discussion at the Air Ministry and Ministry
of Aircraft Production on the version of Rebecca to be chosen for ultimate

universal adoption in the Royal Air Force. In the summer of 1944 Rebecca

Mark VI had appeared to be the best available version and a production contract
for 6,000 equipments had been placed. It was a heavy and bulky equipment
but at that time there was no operational requirement for Rebecca in single-
seater aircraft. The merits of Rebecca Mark IV when compared with Mark Vi
appeared to be many, the only disadvantage of Mark IV being that it was stOl
in the development stage while Mark VI was in production by April 1945.
Thus Rebecca Mark IV would not be available to the Service until considerably
later than the larger equipment. It was suitable for use in tropical areas because
it was fully tropicalised and its installation in an air-tight container permitted
it to be pressurised for use at high altitudes. Therefore, when in January 1945
the Air Ministry expressed an operational requirement for a tropicalised
version of Rebecca, the Ministry of Aircraft Production suggested that it could
be met with Rebecca Mark IV, Its value was particularly high for installation
in aircraft for which Rebecca Marks H and VI were too large or too heavy, a
factor which became of increased importance in the spring when a requirement
was stated for the equipping of Coastal Command strike aircraft with an
interrogator. The use of Rebecca Mark IV was also considered to be important

>A.M. FUe C.39546/49.»A.M. FileC.3064t/46.1 A.M. File C.26059/46.
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in a proposed scheme for automatic blind landing. This required the provision
of convertor boxes which added further to the weight and volume of the radar
equipment in an aircraft but Rebecca Mark IV could be associated, without
modification, with similarly miniaturised convertor boxes.‘ Non-miniaturised
equipment was too cumbersome particularly if radar glide path equipment
incorporated. Rebecca Mark IV also offered certain technical advantages,
particularly in the control of frequency selection. On 18 April 1945 the Director
of Radar requested, in view of the obvious advantages of Rebecca Mark IV,
financial authority for the provision of at least 1,000 equipments. He suggested*
that the contract for 6,000 Rebecca Mark VI should be reduced by 1,000 so that
the new requirement would not be too great a strain on the radar production
programme. The small size and light weight of Rebecca Mark IV was speciallyvaluable in the Far East, where sacrifices of fuel for radar equipment were
usually impossible because of the long distances to be flown.* In July 1945 a

‘ : ’ was made of the Rebecc^Eureka programme because the end of the
war in .Europe changed requirements to some extent. Commitments in the Far
East involved provision on

was

review

a more liberal scale of spar^ because of tropical
conditions and the need for equipment at staging posts. It was dear that
existing stocks and the current rate of production of Rebecca Mark II were
inadequate. Again the advantages of Mark IV, both for general and tropical
use, were emphasised. The facility of selection of frequency channels at any
point between 176 to 234 megacycles per second was partioilarly useful for
air/sea rescue work as the tuning control was provided with a search device
enabling operators to search for ' ofi-frequency  * signals. The Director of Radar
requested sanction for doubling the monthly rate of Rebecca Mark IV production,
for reducing Rebecca Mark IIB production if necessary, for cancelling the
Rebecca Mark VI amplifier contract and for increasing both Rebecca Marks 11
and IV contracts. He also asked that, as an interim measure until Rebecca
Mark IV was available, indicator unit Type 233 should replace indicator unit
Type 6E in Rebecca Mark II to improve the performance.* It was then decided
that Rebecca Mark IV should be adopted as the standard interrogator for the
R.A.F. although no practical trials had been held, and in August 1945 all
outstanding contracts for Rebecca Mark VI were cancelled. In October 1945
the Air Staff suggested that 20 pre-production models of Rebecca Mark IV
should be provided for Service trials so that any modification found necessary
could be incorfKjrated in the production models, but the proposal was turned
down for financial reasons. It was agreed, therefore, in April 1946, that Service
trials should be held at Defford with two development models. There were
considerable delays in the production of the equipment and it was not until
November of that year that these trials were held.^
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* A.M. File C.39546/49. »A.M. File C.39546/49.

344



CHAPTER 13

LUCERO AND DINGHY RADIO

Before the advent of centimetric airborne radar, when A.S.V. and A.I.

operated on the l^~metre wavelength, aircrews of aircraft in which those

equipments were installed were able to use I,F.P. facilities and radar homing
and beam approach systems which had been built up on the metric wavelength.
When the wavelength of the main installations was changed to 10 centimetres
as the result of the development of the magnetron valve, aircrews were at first
denied the use of those systems. The T.R.E. therefore, whilst developing
centimetric beacons, also developed an interrogator which was part of and
dependent on the main centimetric radar installation but permitted use to be
made of the existing metric wavelength facilities. The interrogator was known
as Lucero Marks I and II,^ An interrogator which was independent of the main
installations was also developed and was originally known as Lucero Mark III,
but the name was changed to Rebecca Mark VI during the research stage.

Lucero consisted of a transmitter, working on a wavelength of 1| metres,
which was capable of interrogating beacon and identification systems, and the
local oscillator and first two I.F. stages of a receiver. The transmitter was

triggered by a pulse from the main iirstallation so that returned signals from
Lucero were in phase with responses obtained by that installation. The returned

signals, after passing through the two stages of I.F. amplification in the Lucero
unit, were mixed with the I.F, signals of the main equipment and then passed
through a common amplifier and detector channel; they appeared on the main
P.P.I. whenever a responder was within interrogation range. Beacon responses
appeared on the display as two-sided signals divided by the central range-trace
and the direction of a beacon was indicated by the larger side of a signal. Beam
approach indications were given by fluctuations in the size of the signals, and
the range of the aircraft from the approach beacon was continuously visible.®
Lucero worked with a common T and R aerial system, independent of the main
installation, mounted so that all-round cover and azimuth direction-finding
were possible.

Lucero Mark I transmitted and received on the A.S.V. beacon frequencies,
176 and 173-5 megacycles per second. It had an additional switch control

which permitted the use of A.S.V. B.A. There was no tuning control. Power
output was 500 watts. The aerials were quarter-wave type, swept back at
45 degrees, and were mounted on either side of the nose of the aircraft. In
Lucero Mark II there was a remote control unit to select any of four transmitter
and four receiver frequencies in the bands 170 to 180 megacycles per second
and 212 to 238 megacycles per second for either transmitting and receiving.
Lucero Mark II had pre-set tuning and the whole equipment weighed about
25 pounds. At first the B.A.B.S. display was two-sided. Later a new display

^ At a meeting held at the T.R.B. on 24 June 1942 it was suggested that the airborne
interrogators should be known as Inquisitors and the names ol prominent inquisitors given
to different models of equipment. The interim model was to be known as Lucero Mark I
and the final model as Lucero Mark II. (M.A.P. File SB,4036S.)

’ A.H.B./im/241/lO/58{A). Bomber Command FUe BC/S.31076.
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was developed because, owing to propellor modulation, it was necessary to
employ a single aerial underneath the aircraft. This entailed using a single
sided display showing a broad blip for the ' dash  ’ zone with a narrow blip
superimposed for the ' dot ’ zone. In the equisignal zone both amplitudes were
identical. When the aircraft was in the dot sectors the narrow blip protruded
from the broad blip and the ratio of amplitude denoted the various dot sectors.
When the aircraft was in the dash sector the broad blip predominated.^

Lucero Mark I

By the beginning of November 1942 development of Lucero Mark I, begun
in March 1942 at the T.R.E., had reached the stage of flight trials, and a
development contract for three different models was placed with the firm of
Eripsons Telephones Limited. Lucero Mark I was at first regarded purely as
an interim measure introduced to provide the bare essentials of interrogation
at the earliest possible moment. It operated on one frequency only but was
likely to be available some months before Lucero Mark II. Consequently the
Ministry of Aircraft Production recommended that it should be installed only
in a limited number of aircraft in which interrogation facilities were urgently
required before Lucero Mark II became available.’® A production contract for
400 Mark I eqdpments was placed with Ericssons, who received provisional
type approval in March 1943 when, however, it was decided to enlarge the
Mark I installation programme ; an additional contract for 500 equipments was
placed with the Research Prototype Unit in April.® Meanwhile the firm of
Murphy Radio had accepted a development contract for si.x models of Mark 11
m the autumn of 1942, and production contracts for 1,300 equipments had been
placed with the same firm and that of UUra. In the spring of 1943 it was
proposed to install Lucero Mark I in aircraft of Coastal Command and the Fleet
Air Arm and Mark II in aircraft of Bomber Command, which by then were being
equipped with H2S.

The progress made by Ericssons was comparatively slow, mainly because the
priority accorded Lucero was far lower than that given to the development
and production of the main installations with which it was required to work,
and in March 1943 it was not expected that the 400 equipments would be
delivered before the end of May 1943.“ Consequently, on 21 April 1943 the Air
Ministry decided that Lucero was to be regarded as an integral part of A.S.V.
Mark III, H2S, A.S.V.X., and A.I.X., and was to be accorded equal priority
from evCTy aspect. By the middle of May 1943 trial installations of Lucero
Mark I had been completed in Lancaster, Halifax, Wellington. Swordfish and
Sunderland aircraft.® In the same month trials of one prototype and
production model installation, operating on A.S.V. beacon frequencies, were
conducted at Chivenor by the B.A.B.S. Familiarisation Party, against beacons
at Chivenor, Angle Head, St. Eval, and in the Scilly Islands, and with B.A.B.S.
Mark IC at Chivenor. The results obtained were inconsistent, but enabled some
recommendations to be made. They included an increase in power, selective
tuning, and the fitting of a tuning control near the indicator unit. Tuning in
the air was an important and critical operation because it could not be guaranteed

>■ Bomber Command File BC/S.52732/1.
.  > M.A.P, File SB.40365.

' A.M. FUe CS.18S.39.
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that any B.A.B.S. installation or responder beacon was exactly on frequency.
A recommendation that range scale should be presented on the tube was also
made. On the existing model the operator had to look at another scale to

read the range and this meant he might miss a slight B.A.B.S. indication. In

Jime 1943 further trials of Lucero Mark I were held at Beaulieu by the Coastal
Command Development Unit to ascertain the operational performance of the
equipment with fixed A.S.V.B.A. After about 15 trial runs had been carried

out the conclusion reached was that it was a practical addition to A.S. V. Mark III

but its operational efficiency was impaired by the poor general layout of
presentation and controls. The*C.C.D.U. considered that a general improvement
in the mounting of the equipment was necessary, and that the range scales
should be placed in a position where reading of ranges and operation of controls
was facilitated.

One result of the Coastal Command trials of Lucero Mark I was a request

from Headquarters Bomber Command for the equipment to be made available
at the Bombing Development Unit so that its value in bomber aircraft might
be ascertained. The Air Ministry refused this request on the grounds that there
was no point in trying out Lucero Mark I in Bomber Command because Mark II
was being produced for bomber aircraft. In- any event no Lucero Mark I or

beacon equipment operating on 173 megacycles per second could be provided
for trials in Bomber Command because all available installations were required
for urgent operational needs in Coastal Command. The Air Ministry promised
however that as soon as Lucero Mark II and B.A.B.S. Mark II equipment
became available it would be sent to the B.D.U, for trials. So that development
work might proceed in accordance with the operational requirements of Bomber
Command, the Air Ministry advised that representatives from the command
should visit the T.R.E,i

Production of Lucero Mark I by the firm of Ericsson was further delayed
by difficulty experienced with faulty transformers and delivery of 400 equipments
was not completed until the end of October 1943, by which time good progress
was being made at the R.P,U.® An installation programme for aircraft of

Coastal Command was continued throughout the winter of 1943/1944, and
considerable use of Lucero was made during operational flights. Certain
technical difficulties had already been ejicpuntered. One was mutual inter

ference between B.A.B.S. and homing beacon responses on the P.P.L display,
Attempts were made to clear the trouble by filters but although several mod^
were made none was satisfactory. Eventually a solution to the problem was
reached by increasing the frequency separation between the two types of
beacon.* Operational use revealed other weaknesses. On 16 October 1943

Headquarters Coastal Command reported that interference was being experienced
from I.F.F, Mark III, attributable to the small amplitude oscillations which

occurred even when I.F.F. was not being triggered. After investigations by
the T.R.E. suitable modifications were incorporated. Another criticism made

by Headquarters Coastal Command was that while Lucero was reasonably
effective when used with homing beacons it was unsatisfactory for beam approach
purposes. Because the indicator was sm^ accurate interpretation of B.A.B.S.

indications was possible only by skilled operators in exceptionally good conditions.
The indicator used was, however, an integral part of A.S.V. Mark III, and to

1 A.H.B. nH/241/10/58(B). Bomber Command FUe BC/S.31076/Radar Part II.

» A.M. File C.30500/46.» A.M. FUe CS. 18539.
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provide a larger cathode ray tube display involved not only the provision of a
new indicator but also of separate l.F. and video amplifier units,
equipment was already being developed for Lucero Mark III but was unlikely
to reach the- production stage for some time and, in addition, a great deal of
rnodification and fitting work would be necessary on aircraft instaUations.
Since the use of B.A.B.S. was important in Coastal Command, the installation
and use of metric A.S.V,, A.S.V. Mark II, for beam approach was seriously
considered.^ However, the definition of signals on the A.S.V. Mark III display
was as good as, if not better, than those obtained on a larger tube; an increase in

of the signals, mainly on psychological grounds, was all that was required.
A simple remedy therefore was the employment of a lens to magnify the display.
During March and April 1944 two models of a viewing lens, designed by the
T.R.E., were tested by the C.C.D.U. with satisfactory results and a production
order for 200 was placed.®

Such

size

Lncero Mark II

During the early months of 1943 Lucero Mark II was being developed at the
firm of Murphy. Type approval was delayed because the first prototype
submitted had been found unsatisfactory as it caused interference with H2S.
Main production was not expected to begin before November 1943, so in March
of that year a crash programme, to begin in August, was arranged with the
firm of Ultra to meet the most urgent of Bomber Command’s needs. Progress
made on the Murphy development contract was very slow because the firm
was overloaded with work and it was not until December 1943 that the T.R.E.
gave type approval to the prototype which was sent to the firm of Ultra for
use in the crash programme. Another handicap to speedy development and
production was the delay in stating a firm requirement. In August 1943 the
T.R.E. complained that the only expressed requirement for Lucero Mark II
in Bomber Command was for interrogation of LF.F. for Fishpond, although
development of the equipment was proceeding on the basis that it would be
needed to work in conjunction with B.A.B.S. Mark II. At a meeting at the
Air Ministry on 21 January 1944 it was stated that sufficient Lucero Mark II
to equip all aircraft fitted with A.S.V. Marks III and VI was needed. Main
production contracts for variants of Mark II were placed with the firms of
Murphy, Dynatron and E, K. Cole.® In spite of the urgency of the requirement
for Mark II, delivery from the crash programme was slow, no deliveries being
made in Februaiy 1944.

Lucero Mark II was also required to operate on Fighter Command frequencies
to act as an interrogator with centimetric A.I. (A.I. Mark VIII). Development
work was carried out both at the T.R.E. and at Murphy Radio. In February'
1944 trials of an A.I. Lucero against 1^-metre A.I. homing and beam approach
beacons, and as an interrogator for I.F.F. Mark IIIG, were held at the Fighter
Interception Unit, Ford. The installation consisted of a Lucero box fitted in
the position previously occupied by the A.I. Mark VIII interrogator and a
control unit mounted behind the pilot’s armour plate. Lucero made use of the
wing-tip aerials fitted to the Mosquito Mark XIII, and its LF. output was fed
to the A.I. Mark VIII receiver l.F. strip. The results of the trials showed that
the performance of Lucero with A.I. homing beacons was inferior to that of the

> A.M. File C.30500/46.
s A.M. File C.30500/46.

»Coastal Command File CC/S. 14403/14.
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metric A.I. equipment, A.I. Marks IV and V, and that the performance dead
ahead was not so good as that on the beam. The F.I.U. believed that the

provision of a separate transmitting aerial would improve the general per
formance but it was considered that an attempt to introduce a separate trans
mitting aerial at that stage would retard the htting programme in squadrons.
The performance obtained in the trials with the original aerial system was
considered adequate for operational purposes. The performance of Lucero with

A.I.B.A. was good in respect of signal strength and ranges obtainable but
there was a flutter on the ' steady ’ signal when in the beam, which constituted
a handicap to its operational use in very bad visibility. It was considered that
in its existing state the equipment was a useful aid but its accuracy was
substantially less than that of A.I. Mark IV, The results obtained in the
interrogation of I.F.F. Mark IIIG were quite satisfactory, good range and
definition of signals being obtained. Results with Eureka were poor. As a
result of the trials it was recommended that frequency tolerances on the l|-metre
beacons should be decreased in order that the optimum performance of Lucero
might be obtained, and that attempts should be made to eliminate the flutter

appearing on the A.I.B.A. display. Certain improvements were incorporated
by the T.R.E. In July 1944 further trials were held against A.I.B.A. at the
F.I.U., which had moved to Wittering by then. During these trials no flutter

was experienced on the A.I.B.A. display.’^ In May 1944 an improved aerial
system was agreed,; this was to include two forward aerials for homing purposes
and a single aerial towards the rear of the aircraft on the underside of the
fuselage, with a switch to transfer from one to the other. It had been proved
that forward aerials were essential for homing purposes but, because of pro
peller modulation, a good beam approach display could only be provided by
using rear aerials.

Development of Lucero Mark II proceeded concurrently with that of
B.A.B.S. Mark II, the two equipments being complementary. In February
1944 an aircraft fitted with Lucero Mark II was sent to the Bombing
Development Unit, Newmarket, for trials with B.A.B.S. Mark 11. These were

successful and resulted in a requirement for the equipment being stated on
22 April 1944. Lucero Mark II was required in all operational aircraft equipped
with H2S Marks II and III, Lucero Mark III in all non-H2S operational air
craft fitted with H2S Marks IV or VI, and Lucero Mark III in all H.C.U. and

O.T.U. aircraft except when such aircraft were equipped with H2S Marks II
and III when Lucero Mark II was to be fitted.* This requirement was tentative
and before confirming it Headquarters Bomber Command asked for extended
operational trials at two bomber airfields. Wickenby and Driffield were chosen
as the locations for the ground B.A.B.S. equipment and No. 12 Squadron
(Lancaster aircraft) at Wickenby and No. 466 Squadron (Halifax) at Driffield
were selected for equipping with Lucero which was to come from the crash
programme. The target date for the trials was mid-July 1944 and it was

expected that 100 sets would be available for fitting by May 1944.® Main
production contracts were scheduled to begin in August 1944. Provisioning
of Lucero was sufficient to equip aU Bomber Command aircraft according to
the type of H2S used but general fitting in the command depended on its

‘ A.H,B./II/S4/93(A) F.I.U. Reports.
> A.H.B./IIH/241/10/B(A) and Bomber Command FUe BC/S.31436.
s Bomber Command FUe BC/52732/1.
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performance m operational trials. The rate of production, even on the crash
programme, which had high priority, was disappointingly slow. A trial
installation was made in a Lancaster aircraft in June 1944 and was inspected
by Headquarters Bomber Command at Defford on 6 July 1944, By the
beginning of October 1944 trial installations in aircraft of Nos. 12 and 466
Squadrons were completed, and during that month a fitting programme for all
the aircraft of the two squadrons was begun by parties from No. 43 Group. At
the same time crew training in the use of B.A.B.S. and Lucero was started.
In November and December 1944 Lucero was used on  a few operational

flights in conjunction with B.A.B.S. at Wickenby but Headquarters No. 1
G;-oup was unable to reach any conclusions on the value of the equipment
because insufficient information was available. The T.R.E. kept closely in
touch with the progress of the installation programme and trials so that faults
could be rectified immediately, and from October 1944 onwards monthly
defect and progress reports were submitted to Headquarters Bomber Command.
During training flights one difficulty experienced was that R/T traffic often
prevented the pilot from hearing instructions passed on by the navigator from
Lucero readings. The condensers in the transmitter units were a source of
trouble but in February 1945 the T-R.E. altered the operating procedure so
that the 80-volt A.C. current was not switched on until the navigator wished
to iLSe Lucero; this reduced the number of failures. In operational use the
highest number of faults was caused by the failure of H2S, a fact which made
more obvious the need for an independent interrogator.^
Throughout the early months of 1945 trials continued at Wickenby and

Driffield and by the spring of 1945 sufficient information had been obtained to
justify large-scale provisioning of B.A.B.S, and Lucero. The success of the
trials confirmed the Bomber Command requirement and retrospective fitting
of Lucero was extended to other squadrons in the command.* Main production
was slow and a priority list had of necessity to be compiled.* By the middle
of April 1945 fitting parties were engaged on fitting ten squadrons of Lancaster
aircraft.^ By May 1945 fitting at Lindholme, Ludford Magna and Binbrook
was complete. In that month the end of the war with Germany brought into
prominence the requirements of Tiger Force and interrupted the Lucero
installation programme. In June 1945 No. 45 Group fitting parties were diverted
from the task of fitting Lucero in Bomber Command aircraft to that of fitting
Rebecca in aircraft destined for Tiger Force. Installation of Lucero was
continued, but at a slower rate, by station radar mechanics, who were provided
with the necessary equipment by No. 43 Group.

> Bomber Command File BC/52732/29. » Bomber Command File BC/52732/29.

Squadron
.. 16S6H.C.U.

.. .. 101 Squadron.

.. .. 103 Squadron.
100 Squadron.

.. .. 460 Squadron.

.< .. 166 Squadron.

.. .. 550 Squadron.

.4 >. 153 Squadron.
625 Squadron.

.. 1653H.C.U.

Priority
1  Lindholme

2  Ludford Magna .,
3  Blsham Wolds

4  Binbrook

S  Klrmington ..
6  North KiUingholme..
7  Scampton ..

8  North Luffenham ,.

(Bomber Command File BC/S2732/1).
• Bomber Command File BC/52732/1.
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Replacement of Lucero by Rebecca
Lucero bad many inherent operational disadvantages because it worked as

an attachment to a main radar equipment. Even when Lucero itself was

functioning perfectly it ceased to be of value immediately the main radar
installation failed. The reliance on the efficiency of other equipment meant that
use of homing and beam approach beacons was often denied to aircraft. Another

disadvantage was that in the Halifax aircraft the H2S display was in the nose
and although the navigator was able to remain in that part of the aircraft for
most of the flight, for reasons of safety he had to retire to another position
during approach and landing. He was thus unable to watch Lucero indications

and pass information to the pilot at a time when most needed. Lucero could
not be used in aircraft not fitted with main radar, nor with H2S Mark IV

(3-centimetre) and H2S Mark VI (li-centimetre). These disadvantages
stimulated development of a different version of Lucero and by May 1944
the T.R.E. had developed Lucero Mark III. In this equipment an extra unit

consisting of an I.F. power pack and a wave-form generator was used in
conjunction with Lucero Mark II and enabled it to function independently of
the main radar equipment. It had a separate indicator unit.* Lucero
Mark III was renamed Rebecca Mark VI in the summer of 1944 because the

Air Ministry found it easier to have all independent interrogators given the same
code name. Rebecca had obvious operational advantages over Lucero and

it was intended that it should gradually replace the latter in all aircraft needing
interrogation facilities. In November 1944 it was decided that Rebecca was
to be the future standard interrogator for Coastal and Bomber Command aircraft.
Installation of Lucero Mark II in aircraft fitted with H2S Marks II and III was

to continue but the aircraft were to be fitted with a new aerial system giving
cover in the 214 to 234 megacycles per second band with D/F facilities, and
providing adequate efficiency in the 157 to 187 megacycles per second band to
effect interrogation.* Originally it was planned to replace Lucero with Rebecca
Mark VI but in 1945 the final choice of Rebecca Mark IV was made. The use

of Lucero was continued until after the war, but as supplies of Rebecca Mark IV
became available replacement retrospectively and on production lines began.

Dinghy Wireless Equipment
Early in the war, the need for an effective air/sea rescue organisation was

emphasised, and the provision of radio aids to dinghy location becsime very
necessary.® Even if S.O.S. signals transmitted by an aircraft wireless operator
or by a fighter pilot before a ditching were received and enabled a fix to be
obtained, some time usually elapsed before searching aircraft or surface craft
could arrive in the vicinity of the location, and the dinghy meanwhile drifted
from the original position, The problem of rescue was not therefore solved when
a crew succeeded in getting into a dinghy, especially as sometimes there had

been no time in which to send S.O.S. signals. At any time a dinghy was a small
target for search, and it was necessary to give air/sea rescue craft something
more than visual signals to look for.

In 1941 development of a dinghy wireless transmitter was begun, and a proto
type was ready for trials in September 1941. By then, however, a much more
efficient transmitter used by the Luftwaffe had been captured and examined.

1 A.M. File C.30641/46.

* See A.H.B. Monograph ' Air/Sea Rescue ’ (A.P.3232) for lull details.
» A.M. File C.30642/46.
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signalling lamp for use at night. Proposals for the substitution of T.K333 by
SCR. 578 had been put forward in July and again in September 1943, and it
was finally agreed that 12.000 SCR. 578 transmitters should be supplied to the
R.A.F.; production of T.1333 was adjusted accordingly. Development of a
replacement transmitter was begun when T.1333 was withdrawn from service,
but at the end of the war the priority allotted to the project was reduced.
Subsequently further development was postponed so that a joint R.A.F./Civil
Aviation/Merchant Navy specification could be evolved.

Some progress was made with development of an auto alarm receiver for
installation in aircraft. It was known as R. 1530 and was designed to provide,
automatically, audible warning when actuated by signals transmitted on the
distress frequency. Work on the project was cancelled, however, because of
the lack of uniformity of signals received from dinghy emergency transmitters.

All the air/sea rescue apparatus in use or being developed during the early
years of the war was usually only effective if a ditching was quickly followed by
the arrival of rescue aircraft. As the distances at which operational flying could
be carried out increased it became apparent that it would be necessary to
provide surviving crews with means to make their way, under their own power,
to friendly territory or to waters where they could be more easily rescued. In
September 1942 prelimina^ tests of an airborne lifeboat were successfully
completed, and early versions were in operational use early in 1943.
enable the crews using airborne lifeboats to receive instructions by wireless,
on the 500 kilocycles per second frequency, from escorting aircraft or ground
stations, provision of a battery-operated watertight light-weight W/T
was required. Airborne lifeboat receiver R.1545 was adapted, as a wartime
measure, from a receiver installed in all Merchant Navy lifeboats.^

To

receiver

One of the main disadvantages of the dinghy transmitter was that it was
not a fixed installation in the dinghy. It could not be carried in a number of
smaller types of aircraft because stowage space was lacking, and until suitable
stowage in the dinghy pack could be found it had to be carried loose in those
aircraft which could accommodate it. In consequence it was frequently left
behind in aircraft when ditching occurred, especially since most Bomber
Command ditchings took place at night, when it was more difficult to remove
loose objects from aircraft. The need for Walter was therefore apparent, not
only for fighter, but also for multi-seater aircraft.

Walter and Comer Reflectors

During 1941 and 1942 the possibility of using radar as an alternative to the
dinghy wireless transmitter was being investigated, and experiments
conducted by the T.R.E. at Hum with reflectors attached to the mast of a
' K ’ type dinghy to provide echoes on A.S.V. However, trials revealed

were

a very
limited range, and the project was considered to be impracticable. Develop
ment of a beacon, known as Walter, to meet an operational requirement for
dinghy homing over the last five miles of a search, was begun at the R.A.E. in
1943. When development was completed Walter consisted of a cylindrical
battery container and a telescopic mast extending to 7 feet 4 inches carrying at
its top an oscillator unit and a horizontal dipole aerial. The transmitter was a

* A.H.B./IIE/44. Air Ministry Signals Bulletins.
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selt-squegging oscillator built round a valve Type CV.93. The frequency of
oscillation was fixed at 176 megacycles per second and the squeg frequency
lay between 35 and 60 kilocycles per second. The output from the oscillator
was fed directly into the aerial. When the battery supplies were switched on the
oscillator started transmitting the squeg pulses irrespective of the presence of
an A.S.V. transmission. If operated continuously the battery lasted for only
about eight hours but it could be made to last longer by intermittent operation.
The signals were displayed on the indicator unit of the A.S.V. equipment. They
covered the full length of the trace and appeared on both sides of it. The
relative amplitudes of the two sets of signals were used to indicate the bearing
in the usual way. The received signals were not locked to the A.S.V. time-base.

No range information was available but aircraft equipped with A.S.V. Mark II,
Lucero or SCR. 729 could locate and home to the beacon. By the end of 1943
development was sufficiently far advanced for tests to be held at the R.A.E.

These showed that the pick-up ranges varied from  4 nautical miles at 50 feet
to 25 nautical miles at 5,000 feet.^

The first twelve trial equipments were issued to Nos. 172 and 547 Squadrons
for operational trials in February 1944. Although performance was fairly
satisfactory, stowage was, as with the wireless transmitter, a main difficulty.
It was not possible to include Walter in the dinghy pack without omitting
other ancillary equipment. The Admiralty decided to do without sailing gear
in Fleet Air Arm ' K ’ dinghy packs and to attempt stowage in ‘ Mae West ’
life-belts, but the Air Ministry was not completely convinced that Walter in

its existing form was acceptable. However,, when some equipments became
available in March 1944 they were issued to Mosquito squadrons and flights
of Nos. 8 and 100 Groups. About 4,000 sets had been delivered by September
1944 but they were not waterproof, and many of the 600 issued to the R.A.F.
were used at Bomber Command stations for instructional purposes only.
Development by the Gramophone Company had not been satisfactory ; the
equipment had been redeveloped by the firm of Ultra, which, in conjunction
with that of Cossor, had begun production of more satisfactory sets. Use of

valves Type CV.93 in Walter was causing production difficulties because their

low output caused many equipments to be rejected, and this combined with the
comparatively low priority accorded the programme meant that the rate of

production was slow. Meanwhile development of Walter Mark II, an improved
design, had been started. It did not incorporate any new technique but provided
a hand-driven generator as an alternative power supply to batteries, the
generator and the battery container being interchangeable, and included

improvements in the mechanical units and aerial design. It was being
developed as two distinct types, one with the oscillator on the mast, and one
with the oscillator contained in the set itself. It was planned that comparative
trials should decide which type was to be accepted’as Walter Mark II.*

By November the operational requirement for Walter Mark I had been

confirmed as provision in all ' K ' dinghy packs for single and twin-engine
fighters and fighter-bombers, and in all multi-seater dinghies carried in heavy
bomber aircraft. Priority of issue was to be given to fighter and fighter-bomber
aircraft, and it was to be a personal issue to all Fleet Air Arm crews. The
equipment then being manufactured was watertight, and the necessary action
was being taken to ensure that the specification for water-proofing was vigorously

» R.A,E. Tech. Note Rad. 175. ‘A.H.B./IIE/in. Walter—Meetings.
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enforced during production. Recent trials of Ultra equipments had produced
satisfactory results, but some made by the firm of Cossor had not been so good,
one fault being continuous oscillation. It was at first thought that faults iti
aerial matching were responsible for the trouble but investigation by the
R.A.E. revealed that a more likely cause was the state of batteries after being
left in a set for some time. A major drawback of Walter Mark I was its reliance
on batteries ; even when in the best of condition their useful life was limited,
and that was curtailed when the batteries were subjected to extremes of
temperature. The firm of Cossor produced and delivered nearly 2,000 Walter
equipments during November, and estimated that the monthly rate of pro
duction would rise from 3,000 in December to 5,000 in April 1945. Equipments
produced by the firm of Ultra during November did not pass A.I.D. tests, and
a forecast of delivery rates was not possible. However, by March 1945 a total
of nearly 2,000 equipments had been delivered, and a combined monthly pro
duction rate of 6,000 was expected if sufficient suitable valves could be made
available. The supply requirement was extended to include the provision of
Walter Mark I in all R.A.F. aircraft equipped with ' K ‘ dinghy packs Types A,
B and C, in all multi-seater dinghies and airborne lifeboats, in all Type F supply
droppers, and in all ‘ K ’ dinghy packs and multi-seater dinghies of the Fleet
Air Arm. When, during the summer of 1944, the radio development programme
was drastically reduced, work on Walter Mark II was stopped, but in November
Sir Robert Renwick arranged that its development should be re-started. By
March 1945 trials had been started but production in quantity had not begun
when the war ended.

Whilst Walter Marks I and 11 were being developed in the United Kingdom
development of a comparable equipment was begun in the U.S.A., but production
was not expected to start until the end of 1945. Meanwhile, use was made of

reflector which consisted of a light-weight collapsible structure, with
reflecting planes of wire mesh made of monel metal, that opened out like an
umbrella. Three reflecting planes facing at right angles were capable of directing
back to source a large proportion of radar energy intercepted, which in its turn
could be detected by aircraft equipped with centimetric A.S.V. The corner
reflector did not suffer the disadvantages attendant on the use of batteries as
did Walter, but it offered no method of identification and its range when used
in rough seas was restricted. However, the Air Staff considered that it would
be valuable when used in conjunction with Walter, and when the U.S.A.
authorities began planning quantity production in September 1944 orders were
placed for the supply of comer reflectors on the basis of one for each set of
Walter issued. The corner reflector was required as a complementary device
to Walter, and was to be used in the R.A.F. when it was possible to include a
reflector in stowages ; it was also intended to issue a corner reflector to all Fleet
Air Arm aircrew in addition to Walter. By November 1944 requisitions had
been placed for 32,000 Type MX. 137A for single-seater dinghies and 62,000 Type
MX. I38A for multi-seater dinghies. At that time production output was very
small and no forecast could be obtained of the date or rate of delivery. MX. 138A
entailed provision of an aerial mast, and was designed to be screwed in the end
of a paddle carried in American dinghies, so that  a substitute for the paddle
was also required. Early in 1945 it was anticipated that delivery in quantity
of comer reflectors would begin in March 1945 but appreciable supplies
not received until just before the end of the war with Japan.
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CHAPTER 14

COMBAT WARNING

When Bomber Command began its offensive against Germany, the ideal of
air supremacy had not been attained, and the offensive had to be mounted and

maintained against determined and well-organised fighter and ground defences ;
the bomber force required protection if prohibitive losses were to be avoided.
The extent of vulnerability of bomber aircraft was bound up with many factors,
of which the most important were their operational performance, the degree of
fighter protection afforded them, the type of defensive armament mounted in
them and the degree of accuracy achieved in its use, the depth of their
penetration into enemy territory, and air and ground radar systems and counter
measures. Early experience of losses in daylight bombing raids showed

conclusively that such raids could not be maintained. Even large fighter
escorts failed to afford full protection, and they could not in any event be
provided when penetration was deep. Bombing at night, although it brought
many new problems and aggravated others, did, however, afford bomber aircraft
the cover of darkness. An extensive and w'ell co-ordinated system of anti
aircraft guns and searchlights was at first the greatest threat, and evasion was
the main method of defence; as far as possible bomber aircraft were routed to

avoid gun and searchlight concentrations. But with the rapid development of
radar installations for night fighters and effective ground control techniques,
it became increasingly important for bomber crews to be prepared for combat.

Prior to the use of Window, the basis of the German air defences was ground
radar. The use of Window, beginning in July 1943. dislocated the enemy’s flak
and fighter control organisations and produced a marked drop in bomber losses.
The enemy fell back on his only alternative—the employment of free-lance

night fighters, both catseye and equipped with A.I. This change in German
tactics had serious implications for our bomber force and made the further
development of combat warning devices all-important.

By 1944, 70 per cent of bomber casualties at night were due to enemy night
fighter successes. Of a total of 2,717 sorties carried out by Halifajc Mark II
and Mark V aircraft Of No. 4 Group between November 1943 and February 1944,
the percentage of aircraft missing was 8*5; with such a loss rate less than

8 crews in every 100 could survive a tour of 30 operations.^ In such conditions
no force could survive for long, and the permanent suspension of bombing
operations against Germany of Halifax Marks II and V aircraft in February
1944 was a result. It was clear that any device which promised even
the smallest protection to bomber aircraft was worth persevering with.*
Although Bomber Command losses over the whole of 1944 were only
I *68 per cent, the estimate for the first three months of the year was very much
higher, some 3*5 per cent. At that rate only one crew in five could survive an
operational tour. So serious was the threat of the enemy night fighter organ
isation that for some time the primary objective of the combined R.A.F. and

‘ A.H.B./ID/12/96. A.C.A.S. (Ops.) lolder Bomber Command Organisation.
*A.H.B./II/69/ie2. The apparent reduction in losses of 1*3 per cent for aircraft

equipped with Visual Monica in early 1944 meant the saving of 40 aircraft and 280 aircrew
in 3,000 sorties.
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U.S.A.A.F. strat^c bomber offensive was the German aircraft industry.*
However, from March until late in the summer of 1944 Bomber Command
operations were mainly confined to attacks against targets in France and the
Low Countries in support of the campaign to liberate Europe. Thereafter the
disorganisation of the enemy early warning and night fighter control systems
during the advance of the Allied armies, coupled with the further development
of Allied radio countermeasures, reduced the German night fighter force to a
state of comparative impotence.

For many months, however, the application of radar in the enemy night
defence system had constituted a serious threat to the continuance of the night
bomber offensive. It was countered in a number of ways; by tactics, by
jamming, by improvement of aircraft ̂ rformance and armament, and by the
installation in bomber aircraft of equipment designed to warn crews of the
approach of enemy fighters.

Early Development of Equipment
In view of the success being achieved in the United Kingdom by Beaufighter

night-fighter aircraft equipped with A.I. Mark IV and G.C.I. control in 1941,
Headquarters Bomber Command requested that night-bomber crews should
be provided with a warning installation. The matter had first been raised with
the Air Ministry and considered by the Interception Committee in November
1940, when countermeasures to defeat radar methods of interception
proposed.® They were:—

(a) Compkte neutralisation of bomber aircraft so that they gave no
indication on enemy radar of their presence. This was not technically
possible.

{b) Jamming of ground control radar and fighter A.I. from ground or air.
Ground jamming equipment would have to be very powerful, and
jamming apparatus carried in aircraft would give away the bomber's
position.

were

(c) Installation of detectors in bomber aircraft to indicate whether enemy
fighters were using A.I. in the vicinity. This seemed comparatively
simple, and it did not necessitate transmission by the bomber.

(d) Installation of a form of A.I, in bombers so as to enable them to engage
or evade enemy fighters at will. (The possible use of airborne radar
for formation keeping and fighter detection had been first suggested
by Dr. E, G. Bowen in October 1939.) Objections were that trans
missions from a bomber’s A.I. could be used for interception purposes,
that the weight of such equipment would be excessive, and that A.I.
was secret equipment and could not be used over enemy territory.

Pressed for a more precise statement of the operational requirement, Head
quarters Bomber Command formulated specifications on 20 July 1941.® The
T.R.E. was already developing equipment which met some of the specifications,
and it was demonstrated at Hum on 31 December 1941. Although it did not
fulfil all requirements, Bomber Command representatives present at the trials
were enthusiastic about the equipment, known as Monica Mark I.
‘ A.H.B./ID/J2/96.

* A.H.B./IlH/24l;fl/18S/(A). Bomber Command File BC/S.24573.
> A M. File CS.9853
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Monica Mark 1 was not, however, ready tor operational use until June 1!M3,
neau-ly two years after the statement by Headquarters Bomber Command of

the operational requirement. By this time, operating conditions had greatly
changed, and Monica Mark I and the slightly modified Monica Mark lA were
never successful. The operational weaknesses—quite apart from the funda
mental weaknesses of vulnerability to jamming and homing—were the audio

presentation and the absence of any indication of the direction of approach of
fighters. Monica was later modified for visual presentation and to give
information of direction, and as such it enjoyed  a period of outstanding success
in early 1944. But by June 1944, the use of Monica transmissions for homing
purposes by enemy fighters was suspected, and in September 1944 Monica was
withdrawn from sdl main force aircrkt.*

The other main combat warning devices developed were Fishpond and Boozer.
Fishpond was an attachment to H2S, echoes of aircraft picked up on the H2S
scanner being presented on the Fishpond tube in a form easy to interpret.
The area of search covered the lower hemisphere only, but this coverage was
particularly desirable as enemy fighters generally attacked from below, aided
sometimes by upward-firing guns.® Radar warning was essential as it was

impossible for gunners to see enemy fighters against the earth background at
night. In the first place it was expected that Fishpond would be an interim
measure pending design and production of later marks of Monica and of A.G.L.T.,
and this influenced its design in that modification to the H2S system was not
tolerated, and Fishpond itself had to be of simple construction and subordinate
to the operation of H2S.® Although Fishpond was used with a varying measure
of success up to the end of the war, it never realised its full potential because of
its subordination to H2S.

Boozer was intended to be complementary to Monica, Fishpond or A.G.L.T.,
but due to the general shortage of combat warning equipment, Boozer had to
be used by itself, and as such it suffered from the serious deficiency that it gave
no indication of range or direction. Boozer was fundamentally sound in that
it did not radiate, responding only to enemy transmissions, and apart from
A.G.L.T. it was the only equipment that even approaclied the identification
problem. Unfortunately, for the bulk of its period of operation it suffered from
inadequate range. Jamming of the enemy’s ground radar defence system forced
on him the course of employing more and more A.I. fighters, and it was to
counter the A.I. fighter that the comprehensive fitting of Boozer was urged.
The equipment was, however, never satisfactwy, auid it was finally withdrawn
in September 1944,*

A.G.L.T,, although its function was not confined to combat warning, came
under this general heading because its ultimate purpose—protection of the
bomber from the enemy night fighter—was the same. Early experience with
A.G.L.T, exposed the general unsuitability of a negative system of identification,
and when it was later shown that this system was in fact particularly reliable,
opportunities for blind firing had almost entirely ceased due to the collapse of
the enemy.

» A.H.B./IIH/241/3/262, Bomber Command FUe BC/S.30343/1.
» A.H,B./IIH/24I/I0/S5(A). Bomber Command File BC/S.30146.
• T.R.E. Journal, July 1945.
‘ A.H.B./IIH/24l/3/2n. Bomber Command FUe BC/S.30S94,
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Relegation of Combat Warning to Secondary Role
The original specification stressed that an apparatus which would demand

the employment of one member of the crew in continual observation should be
avoided.* This precept tended to relegate combat warning to a secondary role;
the member of the crew detailed to cany out the observations would retain his
former duties and these would take precedence. The addition of a special crew
member to operate the equipment would have increased space, weight, and
centre of gravity difficulties in aircraft, besides increasing training and manpower
problems. In any event the necessity for avoiding the addition of a special
crew member was never questioned. Speed of introduction was placed before
perfection of equipment. Thus the absence of directional indication in Monica
Marks I and lA was accepted. The failure of Monica Marks I and lA was the
factor which left two-thirds of Bomber Command aircraft unequipped with a
suitable combat warning device in the winter of 1943/1944.

Throughout the months of operational use of Monica and Boozer, and until
a late stage with Fishpond, ample evidence was available to indicate that
aircrews had not received sufficient training to enable them to obtain full
value from the various combat warning devices. There was a tendency to regard
combat warning measures as being purely defensive, and consequently to relegate
their imjxirtance in comparison with that of installations and techniques
regarded as being offensive. The tendency militated particularly against
effective development and operational use of Fishpond, which was always
regarded as secondary to H2S.

Delays in the production and fitting of combat warning equipment meant
that in some instances appsiratus designed to meet one set of conditions was
introduced when those conditions were changing or had already changed.
Placers were faced with two fundamental difficulties; one, that the whole
subject of combat warning presented a constantly changing picture on account
of enemy reaction, so that it was never possible to state a clearly defined
long-teiTn policy for any particular piece of equipment; and two. the vexed
question of priorities.* Combat warning equipment was only one of a number of
urgent requirements in the many facets of the radio war. but its importance
wassuchthatinjanuary 1944 the A.O.C, No. 5 Group stated'  . .  . The biggest
contribution to our bomber offensive at this time would be to equip the bombers
at once with a very efficient tail warning device. , . .'

Methods of Assessing Results

Most assessments of the value of combat warning devices were made by a
scientific study of the reports made by operators and crews and by a comparison
of the loss and attacked rates of fitted and non-fitted aircraft. In making these
assessments, scientists were hampered by the knowledge that reports were often
carelessly rendered, that in any case they represented only the operator’s
interpretation of what he saw, and that even then reports were incomplete and
inaccurate due to operators rarely being able to maintain continuous watch.
.■\gain, when an aircraft was tost, the precise circumstances of its destruction
were rarely known. However, in default of sounder methods policy decisions
had to be taken on the strength of statistics and deductions compiled from the
evidence available.

' A.M. FUe CS 9853. * A.M. File CS.23032.
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Statistics were of the highest value provided the conditions under which they
were obtained were remembered, and provided the warnings of the scientists
that they were not to be taken as conclusive where there were uncertain or

unknown factors were not forgotten. In some of the monthly reports on
Fishpond, for instance, it was possible to show that it was safer to be without
Fishpond, but that if one had to have it, it was better to be untrained in
its use.*^

A more reliable method of assessing the value of radar devices was continuous

photography of displays during flight. This was first projected in August 1944,
the equipment chosen being Fishpond, but it was not until March 1945 that
cameras suitable for the task became available. The investigation, although
not carried far enough to produce results of decisive value, demonstrated that
earlier introduction of photography of Fishpond would have produced results
of value in the technicad improvement of this device, its manipulation and its
tactical employment. The information gained was far superior in quality to
that obtained from interrogation of operators. The investigation confirmed
that some form of automatic recording was essential for scientific research into

the operation of aircraft radio devices. ■

Development and Production of Monica Mark 1 Series

When, at the beginning of the war, Fighter Command aircraft were being
equipped with A. I., it was realised that, if the equipment proved to be successful
in operational use, the enemy would eventually use a similar installation to
assist in the interception of bomber aircraft. At the instigation of Headquarters
Bomber Command countermeasures were discussed at  a meeting of the Inter
ception Committee on 28 November 1940, shortly after Headquarters Fighter
Command put forward the first claim for an enemy aircraft destroyed by a
night fighter equipped with A.I. Mark IV.* That success was the only one
recorded for A.I. Mark IV during the remainder of 1940, and it was not until
after effective ground control radar equipment had been brought into use
early in 1941 that reliable night interceptions were achieved.* Then, on
20 June 1941, Headquarters Bomber Command reminded tire Air Ministry
that early warning of the approach of enemy fighters was of the utmost

importance to bomber aircraft. Meanwhile, in view of the success achieved
with A.I. by Fighter Command, investigation had been begun at the T.R.E.
of the possibilities of the application of A.I. to the defence of bombers.

Headquarters Bomber Command on 24 June 1941 stated an urgent require
ment for some form of aircraft installation which would give warning of the
approach of enemy aircraft. It was obviously undesirable and impracticable
to employ in bomber aircraft apparatus as complicated as the existing fighter
A.I. equipment, and when Headquarters Bomber Command was asked for a
more precise evaluation of the requirement, it was stated, on 20 July 1941,
that the essential features were;—

(a) The device should give warning of the approach of other aircraft at
ranges of 700 to 1,000 yards.

‘T.R.E. Journal, July 194S.
• Set Royal Air Force Signals History. Volume V ;  ‘ Fights Control and Interception

»A.M. File CS. 14135.
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(b) A weight of up to 250 pounds coxild be accepted provided the bulk did
not unduly hamper the movements of the crew,

(c) If possible the apparatus should give an indication of the direction
from which aircraft were approaching.

It was realised that details of the type of warning given would depend on the
type of apparatus selected to fulfil the requirements. The first and most essential
need was that the tail gunner should receive immediate warning. Next in
importance were the gunners manning the dorsal and front turrets, and the
captain of the aircraft. Finally the remaining members of the crew should be
warned so that they could take advantage of whatever shelter was provided by
armour-plating and the more solid items of aircraft equipment. Whatever
the method of warning, Headquarters Bomber Command wanted to avoid the
employment of one member of the crew in continual observation of the apparatus.
The ringing of a bell, the sounding of a buzzer on the intercommunication
system, or the dashing of lights visible only to the crew, was visualised.

The equipment being developed by the T.R.E. on the, same principles as
those used for A.I., although meeting the Bomber Command requirements for
size and weight, gave no indication of the direction of approaching aircraft, and
the T.R.E. was asked to investigate the possibility of modifications to meet
this requirement. However, when in November 1941  a requisition for a
development contract for 24 sets was raised, the equipment had not been
modified to include this facility. The work of manufacturing the 24 develop
ment models was delegated to the firm of Cossor. The experimental sets had a
weight of 40 to 50 pounds and a range of 3,000 feet, and gave aural indication
on the intercommunication system of the approach of aircraft by means of
warning pips'whose periodicity varied with range. Spot frequencies of 223*5
and 227*5 megacycles per second were allocated by the W.T. Board. The
equipment measured the range of the nearest echo, and when the echo
within the predetermined range of 3.000 feet, a 1,000-cycle note was switched
on and off electronically, the rate of switching increasing as the range closed.

A demonstration flight of the T.R.E. prototjq>e equipment took place
the Telecommunications Flying Unit at Hum on 31 December 1941, at which
representatives of the Air Ministry, Bomber Command and the T.R.E.
present. The device had been installed in a Wellington, and a Spitfire was used
to play the part of interceptmg fighter. The installation was switched on
shortly after take-ofl, and ground returns were received in the form of a chopped
note or pip until a height of about 3,000 feet was reached. The ground returns
were irregular, varying with the ground contour,
astern was then made by the Spitfire, and at ranges of approximately 1,000 5fards
a slow, recurring and unmistakable pip was heard, the frequency of the pips
increasing as the Spitfire closed range. Warning of approach was received within
an elliptical cone covering approximately plus or minus 45 degrees in azimuth and
plus or minus 30 degrees in the vertical plane. When the Wellington descended,
the irregular pips which registered ground returns reappeared, and when it
flew out to sea the ground returns suddenly became regular in the periodicity
of the pips, giving a clear indication that the coast had been crossed. In spite
of the lack of directional indication, the Bomber Command representatives
were enthusiastic.
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It now remained to await production of the development models and to

plan flight trials. It was decided in March 1942 to fit five Wellingtons of
Nos. 1483 and 1485 Flights, the respective training flights of Nos. 3 and 5
Groups, for Service trials. With 100 per cent spares allowed to the training
flights, this left four sets for further development work and for the prototyping of
fittings for heavy bombers should the trials indicate a reasonable prospect of
success. It had been ^reed that heavy aircraft should have priority over
other types. The first priority in the actual fitting of the equipment was to
be given to whichever type of heavy aircraft was in the greatest numbers in
Bomber Command when the new equipment, now styled Monica, was introduced

into the Service. When all the heavy bombers had been equipped, Monica
could be fitted in Wellingtons. The first development model was expected
before the end of April 1942, a further two by the end of May, and the remainder
at the rate of five per month. The aircraft were to be flown to the Vickers air
craft firm at Weybridge, where installation in five aircraft of the first flight was
to be carried out in June.

Provisioning action for quantity production of Monica could not be taken

until the installation of the development models in heavy aircraft had been
approved. This followed normal practice on the introduction of any new
equipment. However, Bomber Command's experience on operations during the
winter of 1941/42 suggested an urgency which would not be met by following
established practice in this instance. This experience underlined the need for

the immediate fitting of equipment capable of warning crews of the approach
of enemy fighters. Many fighter attacks were developing completely unseen,
the first warning the crew received being the fighter’s opening burst, whidi
very often completely disabled the aircraft.^ The night fighter's technique was
to approach slowly from behind and below under G.C.l, control until well
within shooting range. In this position he was in that sector of the rear gunner’s
search area where he was least visible, and in which the rear gunner had to
stand up in the turret to get a clear view.

The A.O.C.-in-C., Bomber Command urged that provision be made at once
for the manufacture and fitting of Monica, without waiting for the results of
the Service trials due to take place in the summer of 1942. Acceptance of this
policy, it was argued, would enable the equipment to be introduced many months
earlier than would be possible if the results of the trials were awaited, but on the
other hand the risk would have to be accepted of the first production models
developing technical troubles which might otherwise have bren cleared during
the trials.® The A.O.C.-in-C. insisted that the apparatus as tested at Hum the
previous December met the requirements put forward, and stressed that the
time spent in producing equipment for further trials could not be afforded,
however desirable such trials might be under less pressing circumstances.

The fact that the apparatus did not in fact meet the original requirement in
the vital matter of a directional indication was accepted or ignored. On 2 April
1942 the Air Staff authorised the immediate placing of an order for 2,000
Monica installations.

Considerable delay was experienced in developing the Monica receiver and
the whole programme for the fitting of the 24 development models was retarded
six weeks. As a result, deliveries from the main contract of 2,000 sets were not

iA.H.B./IIH/241/3/185(A). * A.M. File CS.9853.
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expected to start until September or October. Meanwljile, action was taken to
obtain details and to place contracts for the airframe modification parts, and
to organise travelling fitting parties, so that aircraft could be fitted retro-

* spectively as soon as Monica equipment was available.

A meeting to consider production and installation of Monica was held at the
Air Ministry on 10 June 1942. The full Monica equipment consisted of a
transmitter, receiver, panel control, external aerial, and two test sets for setting
up and testing the equipment on the ground, one of which was a cathode ray-
tube monitor and the other an artificial signal generator. In addition there were
junction and switch boxes for the power supply, which were being deigned by
the R.A.E.^ Only one complete set of equipment had been delivered and it
decided not to use it. The second set to be produced would therefore rank
the prototype.* The third set-was required at the firm of Cossor for standard
ising. and it was expect«J that the balance of 21 sets would be delivered in
August. Of the main contract of 2,000 sets, ISO were expected in November,
400 in December, 500 in January, 500 in February and 450 in March. On
27 August 1942 it was decided to plan installation on the basis of the provision
of 100 per cent spares, and a new contract for a further 10,500 sets was placed,
the intention being that when deliveries from the new contract began the spares
provision would be reduced by two-thirds.* The R.A.E. was to fit aircraft for
trial installations in the order Halifax, Lancaster. Stirling. Wellington, later
changed by Headquarters Bomber Command to Halifax, Wellington, Stirling,
Lancaster. Aircraft already in squadrons were to be fitted retrospectively
within Bomber Command, with some assistance in airframe modification from

outside. A revised estimate of deliveries of equipment reduced the original
numbers slightly. The first 80 aircraft to be fitted were to be Halifaxes. followed
by the Wellingtons of No. 3 Group. It was expected that fitting would begin
in November, and arrangements for the provision of sufificient test equipment
were made.

was

as

Trials

In view of the decision to initiate quantity production before trials, these
now confined to one flight only and Were regarded not as Service trials but as
tests for training purposes and operational experience. A radar officer was
attached to No. 1483 Flight to advise as to the use of Monica, tr^elher with
N.C,0. radio mechanic and foxu: airmen. The radar officer first visited the
Cossor laboratories and the R.A.E. to gather technical information.
Monica equipments were delivered to No. 1483 Flight in the first week in August,
but difficulties due to the absence of certain parts essential to the completion of
the installation prevented any flight tests being carried out before 10 August,
By this date, however, one aircraft installation was complete and by 19 August
twelve fliglits had been carried out with it.< The early flights were unsatisfactory
but better results were soon obtained. The chief troubles were poor maximum
range, intermittent warning (observed even on ground returns), and a tendency
for the equipment not to start functioning until it had been switched on and off
several times. The first two faults were not observed in later flights.

^ A.H.B./IIE/13/1. Monica (Airborne R.D.F.) Minutes of Meetings.
» A.H,B./nE/l.S/l- « A.H.B./nE/13/l.
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The purpose of the tests up to this point was mainly to check the range and
angular coverage of the equipment^ and the indication was that angular coverage
was considerably wider than had been expected, especially below the horizontal,
and that it extended round forward to the beam, though at those extreme angles
range was reduced and minimum range seemed somewhat increased. To the

rear of the aircraft and up to about 45 degrees off the centre line of the aerial
the maximum range was 1,000 yards and the minimum about 200 yards. The
limitations were governed by the range settings and were not due to the ultimate

sensitivity of the apparatus. Given those settings, ground returns were observed
up to a height of about 3,500 feet, the discrepancy between aircraft echoes and
the higher maximum range of ground returns being due to the great difference
in amplitude between the two signals.

The trials were completely disorganised from 27 August to 8 September for
a number of reasons. Some aircraft were required for operations during this
period and other aircraft were required to stand by, and there was also a bad
patch of unserviceability among the remaining aircraft of the flight.. Following
this interruption, covering a period of 13 days, seven trial flights were undertaken
between 9 and 12 September, and no less than five of these proved abortive
owing to receiver failure.^ Efforts to accelerate the trials were made, and
aircr^t of No. 1483 Flight were temporarily relieved of operational taisks.
Although there were further slight delays through bad weather and unservice
ability, the trials then went ahead in a more satisfactory manner. It was
confirmed that the area over which effective warnings were obtainable extended
from dead astern almost round to each beam in the horizontal plane, and in the
vertical plane from about 45 degrees above and to the rear of the aircraft round

through dead astern to slightly forward of a line drawn vertically downwards
beneath the aircraft. Outside those areas intermittent warnings were obtainable
in almost any direction except dead ahead.®

On 18 September 1942 the first five sets delivered to No. 1483 Flight were return
ed to the R, A.E. for servicing, in exchange for five new sets. The new receivers
developed suppression troubles, but a representative of the R,A.E. who witnessed

the trials reported on 7 October 1942 that they appeared to be proceeding in a
very satisfactory manner. He saw some 14 flights made and on no occasion

did Monica fail. He reported that most of the initial teething troubles had been
overcome, and he did not anticipate that the receiver suppression trouble
would cause any serious difficulty, especially as the first receivers had been
satisfactory.

No. 1483 Flight made the first detailed report on the trials on 9 October 1942,
The main points enumerated were that the area of sensitivity was far in excess
of that expected ; that changes in the range of aircraft could be detected readily;
that all faults originally encountered had been largely overcome; that service
ability in the squadrons should be good • and that Monica was considered
sufficiently useful to justify its installation in all night bomber aircraft.

3

Policy for Introduction

On 21 November 1942 Headquarters Bomber Command asked for a policy
ruling on the operational introduction of Monica. The danger was that if
Monica were to be introduced piecemeal (the fitting of the majority of the bomber

‘ A.H.B./IIH/241/3/185(A). > A.M. FUe GS.15389, » A,M, FUe CS. 15389,
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force would take about three months), details of Monica would certainly become
known to the enemy when only a small number of aircraft were equipped. If
it was likely that the enemy could devise means of countering Monica during
this period of introduction, the effectiveness of the device would be nullified by
the time the whole force was equipped. On the other hand, if expert opinion
held that Monica could not readily be countered by the enemy, nothing would
be lost by its early and piecemeal introduction.

The possible action that the enemy might take should he capture Monica
equipment had been considered early in 1942, It was then thought that he
might initiate a jamming programme which would involve instabation of
jamming equipinent in aU his fighter aircraft, or install in his fighter aircraft
apparatus enabling them to home to Monica transmissions, or install Monica
in his own bornbers. In the last instance, it was felt that the latest versions of
A. 1. would still enable fighters to make effective interceptions.! Thus the
possibility that the enemy might develop equipment to enable his fighters to
give a boomerang effect to Monica by homing to its transmissions was considered
in the earliest stages of development, but no action was taken to incorporate
modifications to render such homing impossible. However, on 31 October 1942,
the Air Ministry asked Headquarters Bomber Command to analyse early Monica
operations with a view to determining whether the use of Monica provided the
enerny with any added facility for homing, and made suggestions for possible
evasive action. On the third possibility, jamming, the early appreciation
suggested that the enemy might be faced with severe practical difficulties.
However, it was never contended that Monica was other than vulnerable to
jamming.

A meeting of scientists was held at the Air Ministry on 28 November 1942
to discuss possible enemy counter-action against Monica. At this meeting the
view was stated that, judging by the experience already gained of the enemy's
ability to introduce effective countermeasures against new radio equipment, it
would be at least three months and probably six month.s before any wdespread
counter was likely to be introduced. The period would depend to some extent
on the amount of effort the enemy was prepared to put into it. and this in turn
depended on his assessment of the operational value of the equipment. The
recommendation of the Air Ministry was that Bomber Command's use of Monica
should not be unduly delayed. A point that influenced this recommendation was
that it was known that the enemy was already e.xperiimenting with various
methods of jamming radio installations, and the longer the introduction of
Monica was delayed the better might be his ability to deny its effective
Early in December it was the intention that Monica should be introduced c,

soon as aircraft ■ were fitted and crews had received instruction in its use.
Recent operational experience showed that bomber aircraft, and particularly
Halifaxes and Wellingtons, were vulnerable agiinst the strong enemy defences
then established. The introduction of Monica gave promise of saving a number
of these aircraft and thus contributing materially towards strengthening and
expanding the bomber force. However, the decision on introduction had to be
taken after consideration of four vital factors; the rate of fitting, the anticipated
scale of operations, the time for which Monica might be effective, and the
availability of a replacement.
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On 14 December 1942 the R.A.E. emphasised the ease with which Monica

might be jammed, and made a number of suggestions for the incorporation of
anti-jamming facilities in a later Mark of the same equipment.^ At the Air
Ministry, there was a strong feeling that modification of the existing Monica to
provide an anti-jamming facility was required in addition to the production
of an improved Monica Mark IL A modification incorporating a simple change
of frequency, to be known as Monica Mark lA; was suggested. If such a

modification proved successful it was to be introduced into the bulk production
of Mark I as soon as possible. For the proposed Monica Mark II, an investiga
tion was made into possible frequency bands. The R.A.E. suggested 350 to 460
megacycles per second, but it was believed that enemy radar operated between
360 and 390 megacycles per second, and it seemed that a band above 400 mega
cycles per second might have to be used. It was emphasised at this early stage
that the design of Monica Mark II would have to incorporate as far as possible
the components then being used for Monica Mark I.

On 21 December 1942, Headquarters Bomber Command expressed fears

that, in view of the official Air Ministry view that Monica could be rendered

ineffective by enemy countermeasures within three to six months, and in view
also of the expected delay of 12 to 18 months in the introduction of A.G.L.T.
and the inherent limitations of Boozer, bomber aircraft would be left, some

time during the summer of 1943, without an effective combat warning device.
It was therefore recommended that there should be incorporated in Monica

changes in design calculated to overcome the expected effect of enemy counter
measures.® The possibility of this object being achieved by means of a simple
change of frequency was suggested. The R.A.E., however, considered that
any modifications practicable to Monica Mark I after jamming had taken place
were unlikely to be effective for more than a week or so.® This opinion was
confirmed by the T.R.E., who agreed that'the suggested Monica Mark lA was
not worth the effort which would be required for its introduction, since it could
be as easily jammed fay the enemy as Mark I.* The R.A.E. thought that a pro-
tot3q)e Mark II, embodying several anti-jamming features and interchangeable
with Mark I as far as trays and connections were concerned, could be produced
in about three months if given the highest priority, although such equipment
was not likely to be available in quantity inside nine months. The difficulty was
the production of valves to work on the higher frequency.

In January 1943 Headquarters Bomber Command formulated specifications
for Monica Mark II. Maximum range was to be 1,200 yards and minimum

200 yards coverage in azimuth, plus or minus 60 d^ees; coverage in eleva
tion, 45 degrees above the line of flight and 90 degrees below.® The increase
on the original requirement for Monica Mark I was needed to counter enemy
progress in night fighter tactics and employment of cannon-firing aircraft. On
22 February 1943 the R.A.E. gave details of the design of Monica Mark II,
which was' then in the laboratory stage.® It met the requirements of Bomber
Command, and introduced more power into the transmitter, with a view, as
an anti-jamming measure, to decreasing the sensitivity of the receiver. A means
of detecting when jamming was in progress was incorporated, The question
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of the frequency band to be used bad been studied most closely in view of the
recovery of German radar equipment from crashed enemy aircraft; this
equipment was thought to be operating between about 340 and 365 megacycles
per second. German coast-watching radar stations were known to operate in
the 355 to 375 megacycles per second band, and the German radio-altimeter,
which had also fallen into Allied hands, worked on about 370 megacycles per
second. These were all the frequency bands known to be in use by the Germans
within the proposed Monica II limits of 350-450 megacycle.s per second. The
Monica II waveband was governed by limitations of equipment, which precluded
the use of frequencies above 600 megacycles per second, which appeared to
be clear. This left two possible bands free of interference from which to choose.
250 to 330 and 390 to 450 megacycles per second. The lower band was the
wider but against this the higher frequencies were the more difficult to jam.
The higher frequency range was chosen.^ Unfortunately, Monica Mark II
could not be constructed with stock valves owing to the frequency change,
and it was certain that the production of new valves would delay its intro^
duction until about April 1944. It was decided that this delay made it desirable
to go ahead with the modifications to Monica Mark  I known as Mark lA. and
it was intended to begin their incorporation in July 1943.®

The situation in February 1943 was that production of a total of 12,500
Monica M^k I was under way. Monica Mark lA would Iw substantially identical
with Monica Mark I except for a change in frequency of about 20 megacycles
per second. Monica Mark II would be a new design, mechanically inter-
chai^eable with Mark I, and incorporating as many anti-jamming devices as
possible. Its purpose would be to cover the gap between the application by the
enemy of jamming measures to nullify Marks I and lA and the introduction of
A.G.L.T. It was at first thdught that Monica Mark II could be made available
by October 1943, but later appreciations extended this to February and then
April 1944. As Headquarters Bomber Command planned to introduce Monica
Mark I as soon as a reasonable number of aircraft were equipped, and as a useful
life of only four to six months could be allowed for Mark I and a further three
months for Mark lA, it was evident that every effort would have to be made to
get Monica Mark 11 into early production if continuity was to be achieved.®
The aim was to introduce the Mark lA modifications into the main production
line for Mark I by 31 July, and to begin the production of Mark II as soon
afterwards as possible. Development of Marks IA and H proceeded at the
R.A.E, on the highest possible priority.

Operatioael Trials and Training
A fitting party from No. 43 Group started retrospective instaJlation of

Moni» Mark I in two Halifax squadrons on 20 November 1942, and retro
spective fitting was to be continued until the necessary connector parts
introduced on the aircraft production lines. Halifaxes were expected to
off the production line modified to take Monica from the beginning of February
1943, Wellingtons from the beginning of January 1943. The Stirling and
I^caster programmes had not been decided but it was hoped that the modifica
tions would be introduced on the production line by March 1943. Production

were
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of equipment was expected to be at the rate of 20 in November, 150 in December,
350 in January, and 400 in February. 40 sets of aircraft modification kits
were to be fitted in November ̂ nd a further 100 per month in December and

January.

In the event, however, the firm of Cossor was forced to put back its delivery
programme by five weeks through various changes of design and the shortage
of an essential component. Meanwhile, the No. 43 Group fitting party was
unable to start work because complete kits of modification items were not

available, and' aircraft required for operations could not be made available
for piecemeal fitting. In mid-December, working parties of No. 35 Squadron
were still deficient of 67 types of parts to complete the squadron fitting, and
five types of parts to complete even one aircraft. The situation was much the
same at the second squadron. No. 4(®. By 17 December modifications to
one or two aircraft had been completed, but no Monica equipment had been
delivered to No. 35 Squadron, and only four to No. 408, and those four lacked
test gear.^

By 4 January 1943 only 20 equipments had been delivered and only 34
modification kits fitted, all in Halifax aircraft. A total of 50 modification kits

had been made and future production was estimated at 30 per week. It was
expected that 80 aircraft would be fitted by the end of January. Headquarters
Bomber Command agreed to ground one flight at a time so that retrospective
fitting could take place, but further delay was caused because the airframe
modification kits produced by the Handley Page factory were deficient of certain

parts.* Up to 6 March 1943, 100 Halifaxes had been retrosp>ectively fitted with
modification kits and it was expected that 200 would be completed by the end
of the month. 60 modified Halifaxes had been delivered off the production
line, and the rate of delivery was expected to rise to about 100 per month in
April and 150 per month in June. 300 Monica equipments had been produced,
a further 200 were expected by the end of the month, and the production figure
was expected to rise to 500 per month in May and June. Fitting in Stirlings
could not begin before May, but Lancasters equipped with H2S were already
being modified on the production line. Wellington production was delayed and
modified aircraft were not expected to come off the production line before the
end of the month.

On 26 February 1943 the A.O.C.-in-C., Bomber Command drew attention

to the serious delays in the introduction of Monica. He pointed out that the
need for a warning device of this kind had first been the subject of correspondence
in November 1940 and that an .urgent requirement had been confirmed in

June 1941. Again, at the Secretary of State's meeting for the co-ordination
of the bomber offensive on 15 July 1942, the importance of Monica had been
reiterated, and at that time introduction had been promised by October
1942. This was later put back to November and subsequently postponed from
month to month, and Bomber Command was still not in a position to use the
device operationally owing to the small number of aircraft modified. It was
stressed that a high percentage of losses were due to crews being surprised
by night fightere, losses which might have been avoided if a warning device
had been available. Meanwhile, the effort expended by the enemy on his night
fighter organisation and the efficiency of his defence operations had increased
considerably.
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In addition to being concerned at the delay in the introduction of Monica,
Headquarters Bomber Command was always conscious of the need for pro
viding against an early operational failure of Mark I due to enemy counter
measures. ̂ On 11 March 1943 it was again emphasised that, assuming that
Monica Mark I were introduced within a few weeks and that Mark lA were
ready for introduction in July, the short expectation of useful life of the two
equipments together would mean that the bomber force would be without any
form of Monica during the critical autumn and winter periods of 1943/44, unless
the expected introduction of Mark II could be brought forward from April
1944. The introduction of Monica Mark II in October 1943 was therefore urged :
if this target could not be achieved there was grave danger of the bomber force
being exposed to avoidable hazard in the intensive operations planned for the
winter period.

While the development of Monica Mark II was being continued at the R.A.E.
it was felt that valuable experience would be gained if trials with Monica
Mark I were made by Bomber Command in co-operation with Fighter
Command.® There were two major advantages to be gained from such trials ;
bomber crews wotild be given an opportunity of familiarising themselves with
the equipment and of developing the best tactical methods in the realistic
conditions provided by night fighters equipped with A.I., and. since it was
known that the enemy bomber aircraft were being equipped with a device
similar to Monica, the trials would give fighter crews experience of the type of
evasive tactics to be expected.

The main object of the trials was to determine the most effective evasion

tactics to be used when pursued by an A.I. fighter.® The elusion of a ' catseye '
fighter called for manoeuvres to put the fighter pilot off his aim and to e.xploit
the possibilities of the bomber's defensive armament; to elude an A.I. fighter
by escaping from his A.I. coverage was more complex, and success depended
on the type of A.I. used by the fighter and the relative flying characteristics
of the opposing aircraft. There was little prospect of a heavy bomber eluding
the A.I, fighter, once contact had been made, by speed alone. The most likely
course of escape lay in exploiting the inherent limitations of A.I. equipment,
particularly coverage and time-lag, and in a study of the flying characteristics
of the fighter. The lag of indications could be exploited by a feint in one
direction followed by a hard turn in the other, or by an increase in speed
followed by a sudden decrease; the second piethod also exploited the inability
of the average fighter to slow down quickly, The bomber's objective was
essentially to reach a position behind the beam or astern of the fighter where it
woidd be outside A.I. coverage, the fighter would then have to be vectored
again by ground control. The bomber crew’s first problem was to decide whether
the received A.I, signal emanated from friend or foe. In deciding this they
had no positive assistance from Monica, but it was thought that the correct
conclusion could be drawn from the reactions of the aircraft, as shown by the
equipment, to the bomber’s first manoeuvre. Secondly, when the probable
identity of the contact had been guessed, it had to be shown what was the
best action to take to evade combat or prepare to meet it.*
Three methods of evasion were tested, of which the most promising was that

in which the bomber, on first receiving warning, dived 600 to 700 feet
» A.M. File CS.9853,
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and turned 45 degrees off course, opening engine throttles with the object of
encouraging the following aircraft to increase speed. If the indicatjon died
out and did not recur, the original course was resumed. If the warning persisted,
or recurr^i, the bomber turned hack towards its original course and pulled up
steeply, losing speed as quickly as possible to a safe minimum, with tlw. object
of making the fighter overshoot below and lose contact This was regarded as
likely to precipitate the fighter into the field of vision of the rear gunner or
downward searcher. Pilots of Beaufighters against whom this deception was
employed by day doubted whether it would be possible to cope with it by night
unless a visual contact had already been made. At the Bombing Development
Unit this manoeuvre was regarded as promising a high degree of success, since
even if contact was not definitely avoids the fighter was placed in an awkward
position, the duration of contact w'as shortened, and the bomber was given a
a chance of shooting back at short range. The chances of complete ev^ion were
considered to be fairly high.^ A sugg^ted alternative was that on receipt of
Monica warning the aircraft should simply corkscrew so that the fighter could
not get in an easy shot. One special B.D.U. recommendation was a modifica
tion to introduce a cut-out for the navigator's intercommunication, as the
pipping indication given by Monica was a distraction. The B.D.U. reported
that the standard of serviceability of Monica was very low during the trials,
but nevertheless considered that the equipment was well constructed with
sound components, and if properly serviced would prove to be reliable. The
value of Monica against fighters taking advantage of the difference between

upward and downward visual, ranges at night was especially noted during the
trials. Fighters were known to prefer to attack from astern and below. During
night trials with a fighter using this method of attack against a Halifax not
equipped with Monica, the fighter followed the Halifax visually for twenty
minutes at a range of only 500 yards without being seen. However, when Monica
was used the bomber was warned at once of the presence of the fighter. So
although Monica could not prevent the bomber from being seen, it gave under
almost all conditions an earlier warning of impending attack than could be
obtained visually.*

On 11 April 1043 the Air Ministry requested Headquarters Bomber Command
to delay introduction of Monica on operations until the technical faults disclosed
by the trials bad been cleared,* Good progress was made at the R.A.E. and on

30 April Headquarters Bomber Command decided to make me of Monica
operationally from about the middle of May. Meanwhile, additional arrange
ments were made for speeding the introduction of Monica.* R..A.E. civilian
technical officers were attached to each of Nos. 4, € and 8 Groups to train
group ' trouble-shooting * parties, a publication giving a technical description,
of Monica was distributed to the units concerned, and spedal training was
given to airmen assigned to servicing duties.*

Trials had been carried out in March 1943 to determine whether the use of

Window would impair the effectiveness of Monica. It was concluded that
Window gave a strong response on Monica, but would interfere with its operation
only if the range of Monica were set above 1,500 yards and if the density of
Window e.xceeded five packets per cubic mile, It was not in fact intended to
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exceed either of these limits.* During April, trials were carried out to discover
to what degree Monica interfered with Oboe. The trials showed that the
of Oboe Mark I and Monica Mark I on the same operation was very likely to
make Oboe ineffective even if the Monica and Oboe aircraft were several miles
apart, but that Monica and K-Oboe could be effectively used together on the
^e operation and over the same target provided both equipments were not
in one aircraft. The operational introduction of Monica was therefore bound
with the introduction of K-Oboe, which was first used early in June 1943.=*
Following the loss of 23 of a force of 230 aircraft towards the end of April 1943,

the A.O.C.-in-C., Bomber Command became doubly anxious to introduce
Monica on operations as soon as possible. By 19 May, just over 1,000 Monica
equipments had been delivered, aircraft were coming off the production line
already suitably modified, and 312 aircraft had been modified retrospectively.
They were spread over 17 Halifax squadrons, one Stirling, one Lancaster and
one WeUington squadron.® Oa31 May 1943 Headquarters Bomber Command
notified all bomber group headquarters that it had been decided to start the
operational use of Monica sometime between 1 and 16 June. Monica training
flights were authorised, but until the exact date of operational introduction was
confirmed Monica was to be removed from aircraft immediately after completion
of training flights. On 2 June headquarters of groups were informed that
Monica was to be used operationally with effect from the first night’s operations
after the night of 16/17 June ; from 15 June, Monica training flights were to be
allowed at any time and equipment could remain in the aircraft.* .\n instruction
on the use of Monica was issued for the guidance of crews on 1 June 1943, based

experience gained from the trials which had already taken place! The
instruction gave only general procedure for the use of Monica, leaving much to
the discretion of groups and squadrons. The manoeuvre recommended when
the warning pips sounded was for the pilot to make a turn of about 45 degrees
and lose about 500 feet in a shallow dive, returning to his original course after
about thirty seconds. If the pips persisted, some m^oeuvre such as an orbit
was suggested.

use

up

on

Operational Use

Monica was first used operationally on the night of 19/20 June in a raid
against Le Creusot, and again on 21/22 June for an attack against Krefeld.®
Analysis of the use of Monica in the two raids showed that its introduction had
been fairly successful, 80 per cent serviceability being achieved at the second
attempt The general opinion of air crews was that Monica would give them
a useful warning on dark nights when they were out of the main bomber stream.
By 30 June, six or seven operations had been flown on which Monica was used!
but it was still much too early to assess its value.®

By 25 June 1943, Headquarters Bomber Command had decided that the
existing maximum range setting of Monica Mark I, 1,000 yards, was too great,
resulting in too many indications per sortie, Individual aircraft were reportingup to SO indications, and instructions were issued to all groups to modify Monica
to work at a maximum range of 800 yards. Within a few days of the issue of this
r ” CS.15389. See Royal Air Force Signals History, Volume VII: • Radio
Counter-Measures', for further details of Window trials.
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instruction it became apparent that the idea of a range reduction was not

universally accepted as salutary. Some squadrons, enthusiastic about the value
of Monica, had not been unduly worried by friendly indications and were not

in favour of a reduction below 1,000 yards. Others had found the number of
indications excessive and a nuisance and were in favour of reducing the range.
At a discussion between representatives of Headquarters Bomber Command

and the R.A.E., it emerged that it was possible by a simple adjustment on the
ground to vary the maximum range of Monica from 1,000 yards down to about
200 or 300 yards, and that it would be a simple matter to fit the test set by
means of which Monica was calibrated with a switch to select any number of
alternative ranges. On 1 July 1943 it was decided to have four ranges, 1,000,
800, 600, and 400 yards, as standard automatic settings. A revised tactical

instruction was issued informing groups that the number of friendly responses,
admittedly excessive, could be reduced by reducing the range of Monica, and
that the shortest possible range should be used consistent with reasonable
warning.^ The actual range for each sortie was left to the discretion of squadron
commanders.®

At a conference held at Headquarters No, 4 Group on 22 July 1943 it was
reported that so far Monica had had little effect, losses of aircraft with or without
Monica being about equal. Crews were still receiving too many warnings to
make evasive action feasible, but the modification to allow the range of Monica
to be decreased had not been well received; crews felt that 1,000 yards was the
ideal warning range provided continuous warnings over the initial stages of a
flight could be eliminated. A solution to the problem of continuous warning
during the early stages of a flight, before the bomber-stream spread, was achieved
in some squadrons by leaving Monica switched off until a position 40 miles from
the English coast had been reached. By this tipie the warnings received from
friendly aircraft were greatly reduced.® On 3 August 1943, Headquarters
Bomber Command reported that recent operational experience had proved that
with the existing coverage of Monica a large proportion of the responses received
were echoes from friendly aircraft, whatever the range setting. The extent of
concentration then being achieved on bomber operations had not been foreseen
when the specifications for Monica coverage were first outlined, and the wide
coverage was detrimental to effective use of Monica. Its reduction to prevent
responses being received from more than 10 degrees above the horizontal was

required. Since the zone above the horizontal could be scanned by gunners,
and attack at night seldom developed from that direction, a coverage more than
10 degrees above the horizontal was imnecessary.

The R.A.E. considered that no simple modification could be introduced to

cut down the coverage as required, and tests being carried out by the B.D.U.
were unsuccessful.* As progress was being made with development of two
other warning devices. Fishpond and Boozer, and as it had been agreed that
Monica would not be a requirement in aircraft equipped with H2S and Fishpond,
the existing coverage was accepted. However, He^quarters Bomber Command
was dissatisfied with the general performance of Monica and doubted whether
satisfactory results would ever be obtained. Its serviceability rate was low,
averaging less than 85 per cent, whereas A.I. Boozer achieved a rate of over
96 per cent almost at once. The bulk of unserviceability was blamed on faulty
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design. Again, apart from actual technical failures, there was considerable
difficulty in adjusting the equipment to give satisfactory results,
not simply teething troubles. After two months use the unserviceability of
Monica persisted to such an extent that its operational value was small.^ The
view was not shared by the R.A.E.. who thought that Monica could be made to
work, and that certain simple modifications which could be carried out on
squadrons would improve performance. The system employed for warning,
which, in the event of component failure, resulted in continuous pips being
heard by the crew, had been the subject of particular complaint. Incorporation
of a visual indicator, to give indications of range only, had been suggested.
The R.A.E. considered that its introduction would produce a very much more
useful equipment, less sensitive to interference and giving more chance of
identification between friend and foe, and that direction-finding facilities might
also be incorporated without difficulty. Immediate steps were taken by the
R.A.E. to improve the existing installation, and it was planned to institute
trials of a visual indicator in two squadrons, the A.S.V. Mark II receiver being
used for this purpose.®

Before deciding on further modifications to Monica, however, it was necessary
to view the progress of other combat warning equipment to see to what extent
and for what period Monica was likely to be required. Although it had been
agreed that Monica and Fishpond should be alternative installations, and that
all bomber aircraft would eventually be fitted with H2S and therefore with
Fishjxmd, the planned H2S production of 600 per month would never be
sufficient to enable all heavy bombers to be equipped, since wastage would
account for more than half of the production as more and more squadrons were
fitted. If the production of H2S and Fishpond were increased, all squadrons
might be fitted by about mid-1945, but that was two years ahead and meanwhile
Monica or some other alternative was needed. Any plan to dispense with
Monica had to take these figures into account. There was also the question
whether Boozer might be capable of replacing Monica, and over all there was
promise of successful development and production of A.G.L.T., which was
regarded as the final requirement in combat warning equipment. Production
of A.G.L.T. was not scheduled to start before February 1944.

All heavy ̂ mbers and Wellington X aircraft were, in August 1943, in the
process of being fitted with Monica Mark I. It was in operational use, and
1,500 aircraft had already been fitted.® Existing contracts covered a total of
over 12,000 equipments. Fittings and plugs were being incorporated on the
aircraft production lines in Wellington X, Halifax and Lancaster aircraft and
would be introduced in Stirling aircraft about mid-September. One squadron
of intruder Mosquitos was also equipped.* Production of Monica Mark lA had
not yet begun and it was not likely to replace Mark I on the production line
until December. The target date for the production of Monica Mark 11 was
May 1944. The questions to be decided were the point of changeover of the
manufacture of Mark I to Mark lA, and whether Mark 11 would be needed at
aU if Boozer did, in fact, supersede Monica.® A.I. Boozer had been introduced
in June 1943, and some 2,000 sorties had been flown with it by early August.
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Existing contracts covered a total of 2,200 sets. It was possible, indeed, that
Boozer might be made available in numbers as quickly as Monica Mark lA,
and it regarded as being more likely to satisfy Bomber Command require
ments, so whether Monica were jammed or not there seemed to be good reasons
for its immediate and general adoption.*^ Its advantages over Monica were
that there was no transmission from the aircraft and therefore no possibility of
homing by enemy aircraft, and operation of the equipment was independent of
the height of the aircraft; Monica was flooded by ground returns at heights up
to 3,000 feet above ground. On the other hand it gave no warning of the
‘ catseye' fighter and was no help in avoiding collision with friendly bombers.
However, in due course all bombers would be fitted with A.G.L.T. and the
majority of bombers with H2S and Fishpond; it therefore seemed uneconomic
to continue to develop two interim warning systems.*

A meeting was held at the Air Ministry on 27 August 1943 to discuss the
provision of combat warning equipment for Bomber Command. The Monica
Mark II programme was cancelled, since the start of production was so far
ahead that H2S aircraft would by that time be fitted with Fishpond. Non-H2S
aircraft would continue to carry Monica Marks I or lA. Of the total production
of Monica, some 9,000 sets were being made by the firm of Cossor and 3,000 by
that of Pye. It was decided to switch CossOr production from Mark I to Mark lA
at the 7,000th set, thus providing some 2,000 Cossor-made sets of Mark IA as
an insurance against possible enemy jamming of Mark I, and to cancel the Pye
contract to make way for increased production of Boozer. AU plans for the
development and production of the various types of Boozer were accelerated.

On 14 October 1943 the T.R.E. produced a memorandum on proposed
modifications to Monica. During the months of introduction of Monica Mark I
it had become generally accepted that equipment designed to the original
specifications of Bomber Command did not provide  a satisfactory answer to
the current operational requirements of a combat warning device. The overall
effect of Monica on the loss rate had not been fully assessed, but. though
serviceabib'ty was improving, the fundamental design continued to restrict
performance. In the conditions of high bomber density e.xisting in the latter
half of 1943, successful evasion required more than a warning of the nearest
approaching aircraft, and that was all that Monica Mark I could provide. All
adjacent aircraft had to be kept under continuous observation in order to
discriminate between an approaching h(Btile and surrounding friendlies. This
could only be achieved by some form of visual presentation, allowing discrimi
nation through the typically deliberate and sustained approach of the hostile
and possibly by its smaller echo. In addition, knowledge of the bearing of the
approaching hostile was necessary to enable successful corkscrew tactics to be
employed, and also to improve the chances of engagement by the rear gunner.
This again could only be achieved by a P,P,I. display, The weaknesses of
Monica were the audio presentation, whicii could record only one approaching
aircraft at a time—the nearest— and the absence of direction information.®

There was no point in going to the trouble of modifying Monica throughout
the Service to provide visual presentation if H2S with the Fishpond attachment
could be produced as quickly. The intention was that Fishpond should be
added as a unit modification to H2S-equipped aircraft, and the rate at which

»A.M. FUa CS.98S3. * A.M. File CS.98S3. •A.M. File CS. 15386.
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this attachment could become available for operational use was therefore
governed by the rate of delivery of aircraft equipped with H2S. It was expected
that approximately 400 such aircraft would be delivered by the end of 1943,
the anticipated rate of fitting thereafter being perhaps 100 per month. It was
therefore unlikely that a large force of about 1,000 aircraft could have Fishpond
before the summer of 1944, though in view of the rate of H2S production.
300 per month rising to 600 per month early in 1944, it was conceivable that
the fitting programme might be accelerated. The modification of Monica for
visual presentation, by the addition of the obsolescent A.S.V. Mark II receiver,
could, on the other hand, be introduced with the help of fitting parties so as to
equip 1,000 bombers by January 1944, provided the necessary plugs and sockets
were made available. By the further addition of two receiving aerials on either
side of the existing Monica transmitter aerial, and of somewhat more complicated
cabling, indication of the direction of approach could also be given. The
additional items were already available in A.S.V. Mark 11 equipment.^

Visaal Monica—Monka Mark UI Series

Trials of Visual Monica were carried out in No. 5 Group, who had requested
its installation in two squadrons, at Syerston. General introduction of a visual
indicator was not at first intended as it was felt that this~woUld interfere with
the production of Fishpond and A.G.L.T. The two squadrons were in. the
process of being equipped during October 1943; the modification included the
visual indicator only and not the aerial modifications to provide indications of
the direction of approach. Sufficient materials and equipment were supplied
to fit 50 aircraft. It was thought, however, that results would be inferior to
those obtained with the P.P.l. display provided by Fishpond, and it was clear
that in that case a policy to modify Monica Mark  I could only be correct if early
availability in large numbers could be achieved.* The decision to modify
Monica Mark I had to be made immediately or not at all, and before making it
care^ assessment was necessary of the extent to which installation of modified
Monica Mark I would delay the introduction of Fishpond.®

The early results obtained by the two No. 5 Group squadrons were therefore
watched critically. They were so encouraging that on 25 October 1943 Head
quarters Bomber Command asked for the modification of all non-H2S Lancaster
and Halifax squadrons which had been equipped with Monica Mark I, and
confirmed on 10 November that Fishpond and Visual Monica were to be
alternative installations, with a proviso that this decision would be reviewed
later.'* A special meeting was held at the Air Ministry on 12 November 1943
to discuss the use of Monica with a visual indicator. There were two visual
adaptations of Monica Mark I to be considered: System A, retaining the
Monica receiver, and System B, diminating the Monica receiver,® Both systems
were preferable to the aural system, but System B was the simpler installation.
System A was styled Monica Mark HI and System B Monica Mark IIIA. It
was Mark III which had already been installed in some 40 aircraft of No. 5
Group, Only three aircraft fitted with Mark IIIA had been used on operations,
but it was decided to adopt this system owing to its simpler installation. The
immediate requirement was installation of Monica Mark IIIA in all non-H2S
»A.M. File CS. 15386.
» A.M. FUe CS. 15386.

* A,H.B./IIE/I3/3. Monica (Airborne R.D.F.) Minutes of Meetings.
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aircraft and, as an interim measure, in H2S aircraft not yet fitted with the
Fishpond attachment; this meant retrospective installation in approximately
400 aircraft. Priority was decided as 100 Lancasters, 100 Halifaxes,

150 Lancasters, 50 H^ifaxes. Arrangements were made for the provision of
400 modification kits on a crash programme basis; the modification of

A.S.V. Mark II and the manufacture of fitting equipment was begun by No. 32
M.U, in the same month. It was also decided to provide for the modification

within the Service of Monica Mark I A, production of which was not now
expected to start until March 1944, since it was too late to arrange for it to be
undertaken on aircraft production lines. The coupling of A.S.V. Mark II with
Monica lA was known as Monica Mark IIIB.t

On 4 December 1943 Headquarters Bomber Command pointed out that the
fitting of 400 non-H2S Lancaster and Halifax aircraft with Monica Mark IIIA

would leave about 200 aircraft without Fishpond or Visual Monica. The future
requirement of Monica Mark TIIA depended on a number of factors, notably the
rate of supply and fitting of H2S, the number of Lancasters which could not be
equipped with H2S and Fishpond because of their big bomb doors, the eventual
production of the Lancaster IV, which could be equipped with H2S and
Fishpond, and the availability of A.S.V. Mark II equipment.* Coastal Coirunand

requirements for A.S.V, prevented more than about 600 sets in all being diverted
to Bomber Command, but this met the immediate requirement.* Meanwhile,

arrangements were made for the conversion of the whole of the remaining
stock of Monica Marks I and lA, but it was thought that production of the
necessary visual equipment could not begin before September 1944. Develop
ment of a further type of Monica, Mark IV, to incorporate visual indication

and anti-jamming facilities, was requested by Headquarters Bomber Command,
and although the requirement was cancelled in December, the Air Ministry
decided to go ahead with development and to consider the question of production
later.*

By September 1943 the retrospective fitting of Monica Mark I in squadrons
was largely completed and nearly 2,000 aircraft, about 1,000 of which were
Halifaxes, 500 Wellingtons, and 400 Lancasters, had been fitted on the produc
tion lines : fitting at the Stirling aircraft factories did not begin until towards
the end of January 1944. The fitting programme was continued at the rate
of between 400 and 500 per month until March 1944, after which it lapsed as
there was no longer a requirement for Mark I; by then about 8,000 sets had
been made.

When the policy to install Fishpond or Monica Mark IIIA in all bomber

aircraft was declared, groups were given the choice of continuing to use Monica
Mark I or not until the new equipment was available.® Every effort was made
to bring Monica Mark I up to the standards demanded for operational use.
A post-design service party completely revised the setting-up proced.ures in
October 1943 ; they made tests of frequency drift and spread, and considered
stability to be reasonable. Serviceability was rated at about 80 per cent, and
it was found that results with Monica were much improved at units where

servicing crews were adequate, and where stocks were sufficient to enable

» A.H.B./nE/I3/3.
* A M. File CS.23032.

s A.H.Bi/nH/241/10/46(A). Bomber Command File BC/S.26829/12.
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unreliable sets to be withdrawn from service. The post-design party tested
serviceability by using Monica in conjunction with Window; this method was
in general use in No. 5 Group, where it had been found that the way Monica
reacted to Window provided a sure means of checking its serviceability. Air-

of No. 5 Group tested Monica by dropping one bundle of Window every
fifteen minutes in areas where normal Window dropping had not been ordered.
If pipping lasting approximately five seconds had not been received after two
or three bundles of Window had been dropped. Monica was regarded as being
unserviceable and was switched off. Subsequently the method was found to be
too exacting. By January 1944, the knowledge that improved warning devices
were on the way had contributed to making crews largely indifferent to the
performance of Monica Mark I. Keenness was, however, still retained
squadrons.

The crash programme of 400 Monica Mark IIIA equipments was completed
by the end of February 1944, and some 250 Lancasters and over 100 Halifaxes
were using Mark IIIA on operations by the first week in March.i A further
200 sets were produced in March 1944 making a total of 650 sets in all with the
addition of the fimt 50 made by hand in No. 5 Group; this met immediate
Bomber Command requirements and at the same time exhausted the supply of
A.S.V. Mark II equipments.®

crews

on some

In addition to the 50 hand-made sets, No. 5 Group received most of the early
deliveries from the crash programme, and after several weeks of operations wth
Visual Monica considered that it was an extremely simple and effective warning
device and far more reliable than previous Marks.®' Serviceability during the
first six weeks of operations was 90 per cent, whereas the serviceability of
Monica Mark I had never been much above 80 per cent. No. 61 Squadron
developed and used a procedure for the operational use of Monica Mark IIIA
in which the wireless operator reported only those blips which approached
within 2,000 yards, unless the captain wished to check his position in the
bomber stream, when the wireless operator reported all blips on the tube.®
When a blip closed to within 2,000 yards range he reported ' Contact' followed
by ‘ Port' or ' Starboard the angle in d^ees, and the range in hundreds of
yards. If the blip remained stationary he said ' Steady ’; if the blip moved
away he said ‘ Going away ’; if it continued to approach he said ' Closing
slowly ’ or ' Closing fast ’ as the case might be. As the range closed he continued
to report angle, range, and rate of closing. If at 1,000 yards the aircraft approach
ing could not be seen by the gunner, the pilot started a gentle turn towards
the side from which it was approaching, or towards either side if it was
approaching from dead astern. Thus if the approaching aircraft maintained its
course it flew across the tail of the bomber at a reduced range, generally within
visual range of the rear gunner. The pilot was then in a good position to take
evasive action, or to turn back on course if the approaching aircraft
recognised as friendly. If, however, the approaching aircraft followed the
bomber round in the turn and continued to close, it could be designated hostile
and evasive action could be taken even if a sighting had not been obtained.
This manoeuvre allowed the wireless operator to continue reporting on aircraft
within 1,000 yards range, giving the gunners great assistance in obtaining a
sighting, and eliminating corkscrewing and violent evasive action when the

• A.H.B./II/69/251. B. Ops. Folder, Warning Devices.
• A.H.B./IIH/241/3/262.
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and IA into Visual Monica were named Monica Mark IIIC and Monica Mark HID,
and elevation indication was included. On 23 March 1944 the order was

increased to 6,500; deliveries, however, were not expected until late in the year.
This production was to be followed by a contract for Monica Mark IV, for which
Headquarters Bomber Command was asked to submit new specifications.

By April 1944, when the Monica Mark IIIA crash programme was completed,
there still remained the prospect of many months during which a large number
of bomber aircraft would be without a combat warning device. A small number
of A.I. Mark IV installations, known as Monica V, were made available for use

in bombers, but shortage of test equipment severely limited the number of

squadrons which could use them for combat warning purposes. The crash

programme for A.G.L.T. Mark I was Only just beginning. In an effort to cover
the deficiency, the target date for deliveries of the first production models of
Visual Monica was brought forward to August 1944,  a monthly rate of 100
rising to 300 by the end of the year being aimed at. The final requirement was
for all operational aircraft of Bomber Command to be fitted with Monica Mark IV.

Headquarters Bomber Command submitted specifications for Monica Mark IV

on 26 April 1944. These were studied by the T.R.E., and a meeting was
subsequently held at the Air Mimstry on 22 June 1944, The main feature of
Mark IV as confirmed at this meeting was its resistance to potential jamming.
This was achieved by the ability to tune the equipment in the air to any
frequency in the 390 to 450 megacycles per second band, coupled with the
incorporation of high transmitter power and low receiver sensitivity. These
features covered Bomber Command requirements except in the matter of

presentation. A two-tube azimuth and elevation system was specified, but a
single-tube system was recommended by the T.R.E. and was favoured by the
Air Ministry, Development of Mark IV proceeded and flight tests with a
prototype were planned for November 1944. The target date for production
was later fixed at August 1945.*^

The future operational requirements of Bomber Command for combat warning
devices were discussed at the Air Ministry on 26 June 1944. The production
programme for Monica Marks IIIC and D was confirmed, the programme being
designed to cover the fitting of all heavy bombers in Bomber Command up to
the end of 1945. The main danger to Monica was still considered to be enemy
jamming, and the possibility that such jamming might occur before the

introduction of Monica Mark IV was regarded as covered by the Fishpond
programme. Although Monica was preferred to Fishpond, improvements to
the Fishpond equipment and its general production were being proceeded with,
since it would be many months before the Visual Monica programme was
completed. It was recommended at this meeting, and later confirmed, that
Monica should be installed in aircraft equipped with 3-centimetre H2S and

Fishpond in aircraft equipped with 10-centimetre H2S.

Withdrawal of Monica

Some six months before the introduction of Monica Mark I, the Air Ministry

had asked Headquarters Bomber Command to report on any apparent tendency
for Monica to be used by enemy fighters for homing purposes. No such tendency
had been detected, and even in Mark IV no modification had been incorporated

FUeC. 16038/44.
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to make the equipment impervious to homing. However, it was discovered in
July 1944 that the enemy was able to home to Monica from a range of about
20 miles. A report was submitted at this time describing the organisation which
had been set up in Germany and France to listen to radio signals emitted from
bomber aircraft, and reference to the relative loss rates for various groups of
aircraft suggested that homing to Monica was indeed taking place.^
The proportions of main force aircraft attacked and lost had continued to be

lower for Monica-equipped aircraft up to and including April 1944.* In May,
however, Monica-equipped aircraft had the same loss and attacked rates as
unequipped aircraft, and in June the proportion of casualties was greater for
Monica-equipped aircraft than for unequipped aircraft. It was therefore a
distinct possibihty that Monica transmissions were being used to such an extent
by enemy fighters for homing purposes that they were leading to a higher rate
of losses.

An appreciation of the effect of the use made by the enemy of transmissions
from bombers was therefore made by the Operational Research Section at
Headquarters Bomber Command in Jtdy 1944 and circulated in August.® It
was already known that the enemy ground plotting organisation was using the
radar transmissions of bomber aircraft to assist fighters to home into the
bomber stream, and the use of two new radar equipments, ' Flensburg' for
homing to Monica and ‘ Naxos ‘ for homing to H2S/Fishpond, was also known.
What was not known was the extent to which this homing was successful and
the extent to which the use of Monica or H2S/Fishpond by a small part of the
bomber force was endangering the whole force. The first question was answered
through the fortuitous capture of a Ju.88 carrying the latest German radar
equipment; trials were begun to decide how serious was the threat of homing
to Monica by Flensburg and whether the new ' S.N.2' could be effectively
jammed by the latest type of Window. The extent to which the use of radar
by a small part of the force endangered the whole force had been acceptable
while losses as a whole were shown to be reduced, but in view of the loss and
attacked figures for June there seemed to be no justification for retaining Monica,
It was recommended by the O.R.S. that if the trend was confirmed fay the July
figures, the use of Monica should be discontinued, at any rate until such time
as the enemy s use of its radiation properties could be prevented or minimised.
Meanwhile, tests carried out with the captured Ju.88 showed conclusively

that, whereas interception by means of the S.N,2 could be completely frustrated
by use of the latest type of Window, homing to the bomber stream and even
to single aircraft by means of Flensburg psed against Monica transmissions
presented no difficulty. Again, the loss and attacked rates for July ̂ owed a
steady upward curve for Monica-equipped aircraft.® It was clear that the
presence of a small number of Monica-equipped aircraft was indeed endangering
the whole bomber stream by enabling a greater number of fighters to find it.
The enemy's interception problems had thus been simplified and the effectiveness
of Allied jamming largely nullified,^

It was arguable that this state of affairs could be tolerated if the whole bomber
force was fitted with Monica and if the early warning provided by it enabled
the bomber to meet the fighter in combat on equal terms : but a study of loss

‘A.H.B./I1H/241/3/262. ’ A.H.B./IIH/241/3/262.
t  Signals History, Volume VII; ' Radio Counter-Measures ’
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rates suggested that this was not so. Again, if the enemy was able to home
easily to the bomber stream by means of his latest A.I. equipment and without
the aid of Monica, there could be little objection to Monica on the homing score;
but the trials carried out by the R.A.E. showed that the new German A.I. was

useless against 'Window. Investigations were continued to determine whether
the homing menace inherent in Monica could be overcome tactically or technically,
but, in the meantime, Monica was withdrawn from operational use on

12 September 1944, and the equipment was removed from all main force
aircraft.^

Trials were continued at the B.D.U. to determine whether the advantage
gained by receiving an indication of the approach of an enemy fighter outweighed
the homing risk. Exhaustive tests were made in conjunction with fighter
aircraft equipped with FUnsburg and S.N,2, but the conclusions arrived at

tended to support the decision already taken to suspend the use of Monica.

The overall requirement for Monica, however, did not lapse at once.
Production proceeded, connectors were fitted in all production-line aircraft,
and Monica equipment was stored so that reintroduetion would be possible
at short notice. Possible situations which might result in a decision to
reintroduce Monica were the ability to fit lOQ per cent of the main force,
discontinuance by the enemy of the use of Flensburg, or the equipping of all
bomber aircraft proceeding to the Far East after the cessation of hostilities in
Europe. It was thought that Monica would enjoy a period of immunity from
interference and homing in the Far East.*

Production of Monica Marks IIIC and D was expected to reach 400 per month
from November 1944, and equipment to fit all heavy bomber aircraft was
scheduled to be ready by April 1945. It would, however, take a considerable
time to fit the whole force. Production of Monica Mark IV was not expected
before Autumn 1945. An automatic frequency sweep to prevent jamming was
made a requirement. A similar device was developed by No. 5 Group in
conjunction with the T.R.E. for use with Monica Mark III. Its purpose was
to change the Monica frequency while airborne so as to counter the enemy
homing equipment. Headquarters Bomber Command requested in December
1944 that the device be incorporated in all Monica Marks IIIC and D. Production

of the device was arranged within the command through local purchase orders.

Meanwhile the requirement for Monica Marks IIIC and D was reduced to a
total of 1,900 to cover installation in Lancasters of No. 5 Group, in all heavy
bombers of No. iOO Group, and in a number of training aircraft in heavy
conversion units supplying these groups.* Manufacture of 1,900 equipments
would be completed by April 1945, and so far as the home bomber force was
concerned Monica production would be cancelled after that date. It was no

longer considered that any set of circumstances was likely to eventuate which
could justify the general reintroduction of Monica. When, on 27 December 1944,
the combat warning policy for the Far East crystallised, the provision of Monica
was not included and instructions were given for the cancellation of all Monica

production after 1 April 1945.®

3
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Defdopment of Fishpond
Fishpond was a visual warning device which showed the relative position,

range and movement of other aircraft in the vicinity of the bomber in which it
was installed. The information was supplied to Fishpond by the H2S equip
ment. The device consisted of a simple cathode ray tube indicator unit which

plugged into the H2S system in parallel with the H2S indicator. Echoes of
aircraft picked up by the H2S scanner were presented on the tube in a form easyto interpret. The indicator was fitted with a rotatable bearing scale and a perspex
screen with track lines. Range circles and a line-of-flight marker were presented
electrically on the tube, the line-of-fiight marker indicating continuously the
heading of the aircraft. The position of the bomber itself always remained in the
centre of the tube. Echoes from other aircraft appeared as bright green blobs.
Their movement could be., watched continuously and their relative position
range and movement readily determined. The- height of the bomber above
ground corresponded to the maximum range, and the minimum .range w-as
about 300 yards. The area of search was all-round and covered the entire lower
hemisphere up to ten degrees above the horizon.*

The possibility of employing an attachment to H2S to give continuous
indication of all aircraft within range of the H2S scanner was first thought of
in the spring of 1943, impulses from aircraft having been consistently received
on the H2S equipment.* A P.P.I. display attachment known as Fishpond
because of its likeness to a pond in which fish swam in and out of ken was first
tried out at the B.D.U. in May 1943. It was found to give good all-round cover
under the aircraft up to a range of about three miles at operational height. Cover
in the lower hemisphere was the major requii-ement at the time because of the
gunner's difficulties in spotting fighters approaching from below; enemy
fighter tactics took fuU advantage of the difficulties and attacks were generally
made from that direction. As a result of the trial, production was arranged on a
high priority on the basis of the fitting of all H2S aircraft, and a crash programme
for the first 200 sets was instituted. Fifty sets were to be delivered by August
and the balance by the end of September. Main production, at a rate com
mensurate with H2S production, was planned to follow without a gap. Six
development models were made and delivered in June and July, and trial
installations for Lancaster. Halifax and Stirling aircraft were cleared! Plans for
the introduction of connector parts on the aircraft production lines went forward,
and an order for modification parts for retrospective fitting was placed. One
of the first development models was delivered to the B.D.U, and trials began
early in July 1943. °

An early appreciation of the trials, made on 14 July 1943, disclosed the
opinion that Fishpond was a far better warning device than Monica Mark I
or Boozer, since it gave in simple form detailed information of the relative
manoeuvres and ranges of other aircraft. When evasive action was taken, the
effect on an approaching aircraft could be watched continuously and it could be
seen immediately whether it had been shaken off or had overshot, A full
report on the Fishpond trials was made on 16 August 1943. The B.D.U. found
that the useful presentation on the P.P.I. covered a maximum radius of about
3i miles. Suppression of signals occurred when the target closed to within.
400-500 yards, below this range no signals were observed. W'ithin these limits
signals from below the aircraft were clearly defined, but aircraft on the same

^ AH.B./I1H/241/10/55(A). » A.H.B./nH/24]/10/37(A}.
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level or above gave somewhat intemuttent returns. The equipment was not
reliable above the horizontaL Fishpond was considered to be simple to operate
but needed an operator whose normal duties in the crew would not be affected
by the impairing of night vision consequent on the brightness of the tube.
Trial installations were therefore made at the wireless operator’s table. As with
Monica, there was no serious consideration given to the provision of an additional
crew member to operate the equipment.

No instance of unserviceability was reported throughout the trials, and the
B.D.U, concluded that Fishpond was a reliable and effective early,warning
device that would have more tactical value than either Monica or Boozer, It

was stressed, however, that there were three basic limitations :—

(a) Fishpond was available to H2S-equipped aircraft only.

{b) It covered only that area of the sky below the horizontal.

— (c) Although hostile intentions should be apparent from the behaviour
of the impulse received, Fishpond provided no positive identification
of friend or foe.^

Producdon and Installation

The first sets of parts for retrospective fitting in Bomber Command began
to arrive in September 1943, and the first 100 sets off the crash programme were
delivered by the middle of the month. Thirty sets were fitted and in use in the

P.F.F. by the end of October and over 100 by mid-November. The main reason
for the apparent delay in the retrospective fitting programme was the difficulty
of installation in aircraft actively engaged on operations. A secondary reason
was a shortage of connector sets, but production of these had caught up with
demand by the end of October, By mid-December all P.F.F. heavy aircraft had
been fitted, about 125 Lancasters and 40 Halifajces, and fitting in main force
aircraft had begun. The main production programme, originally totalling
4,000 sets and later increased to 12,000, followed the crash programme without
a gap, and by the end of 1943 over 1,000 sets had been delivered, some 400 of
which had been retrospectively fitted.

Production-line fitting in Lancasters and Halifaxes began in February 1944
and small deliveries were made by early March. Nearly 1,000 aircraft had been
fitted, mostly retrospectively, by the end of March, and over 2,500 sets made.®
Production was then 600 sets per month rising to 900 per month in August 1944.
In addition to the Lancasters and Halifaxes, a small number of Stirlings were
fitted. By the end of May 1944 the totals of fitted aircraft were 1,074 Lancasters,
403 Halifaxes and 63 Stirlings.* All operational H2S aircraft had been equipped
with the Fishpond modification by the end of January 1944, and retrospective
fitting of Fishpond generally kept pace with the output of H2S-fitted aircraft
up to the time of general production-line fitting. There was no shortage of
Fishpond equipment. The limiting factor was the production of H2S.®

The introduction of Fishpond meant that A.G.L.T. Mark I, previously dis
counted as giving insufficient cover, became acceptable. A.G.L.T. had a cone

of search of only 30 degrees, and it had previously been decided to concentrate

2
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production on A.G.L.T. Mark II, which would have  a cone of 120 degrees.
However. A.G.L.T. Mark I could be made ready some nine months before
A.G.L.T. Mark H. and. used in conjunction with Fishpond, it gave the
required cover. A decision was therefore taken to proceed with the introduction
of A.G.L.T. Mark L Arising from this decision, it was suggested in August
1943 that Fishpond should be withheld until A.G.L.T. Mark I was ready, since
when the enemy discovered the characteristics of Fishpond his fighters would
attack from above, where no warning could be given by Fishpond. But if the
enemy responded in this way, his fighters would be attacking from a position
in which they would be easily visible to the gunners. Again, the interference
of Window with enemy A.I. was forcing him to employ more and more
' catseye ’ fighters, against which the value of Boozer was nil. whereas Fishpond
operated independently of enemy A.L The introduction of Fishpond
therefore allowed to continue.*

was

Group H2S instructors and signals leaders began to receive training in the
use of Fishpond at the B.D.U. in late 1943.2 A trained Fishpond or Monica
operator was regarded as one who had completed four trips with serviceable
equipment.® This arbitrary arrangement was never satisfactory, and lack of
proper training devices hampered the advance of Fishpond for many months.
The T.R,E. was working on the development of a Fishpond trainer, but little
progress was made at first, and a scheme proposed by Headquarters Bomber
Conunand on 20 April 1944 in which radar workshops were modified to provide
training facihties pending the production of the T.R.E. trainer was* adopted.^
In order to establish the identity of aircraft seen on the Fishpond indicator,

an alteration of course was necessary. If the suspected aircraft followed the
Fishpond ̂ rcraft it was regarded as likely to be  a hostile aircraft in pursuit.
The captain of the bomber then decided what further alteration of course to
make. The alteration recommended was 20 to 30 degrees. The gunner most
suitably placed searched in the direction estimated by the Fishpond operator.
Range and direction could be estimated, but not height, except that by the
natural limitations of the equipment it was not necessary to search more than
about 10 degrees above the horizontal.®

Operatitmal Use and Modifications

Fishpond was first used by three P.F.F. squadrons during October 1943.
In the following month further aircraft were fitted and two more squadrons
used the equipment on operations. The training of wireless operators proceeded
meanwhile and crew co-operation, poor at first, showed some improvement.
In many instances visual confirmation was obtained by the gunners, and as
a result confidence in the equipment increased. The serviceability of Fishpond
itself was generally good, but there were many difficulties associated with the
dependence of the equipment on the serviceability and manipulation of H2S;
if the IKS equipment was badly tuned the Fishpond screen became mushy
and the responses faint, while on some 1125 settings Fishpond was practically
unusable. The fundamental weakness of Fishpond, its subordination to H2S,
was thus spotlighted at an early stage. Operational experience generally

» A.H.B./IIH/24I/10/55.
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confirmed the scope and Limitations of the equipment as revealed by the B.D.U.
trials. The five squadrons operating with Fishpond in November 1943 made
553 reports on its use, showing a percentage loss of 2-2 per cent, lower by
0'7 per cent than that for H2S aircraft not equipped with Fishpond and
0‘9 per cent than that for non-H2S aircraft.‘ However, since most of the air
craft fitted at this time were of the P.F.F., where losses in any event were lower
than those of the main force, the results so far were inconclusive.®

By the end of February 1944, 19 squadrons were operating with Fishpond
and it was possible to make some assessment of its worth. The main factors
affecting performance were;—

(a) The high rate of unserviceability of H2S.
{b) Shortage of equipment, lack of competent instructors, and paucity of

flying training complicating training in Fishpond so that the best use
was not made of the equipment available,

(c) Lack of crew co-operation, especially between the H2S and Fishpond
operators.

Losses during February 1944 were the same for Fishpond-fitted aircraft as for

those not fitted. The potential value of Fishpond was still thought to be high,
however, and the fact that its use was not accompanied by any marked reduction
in the loss rate was believed to be due to the low standard of training. This
was borne out by comparative figures over the next few months, during which
the loss rates for Fishpond-fitted aircraft, although slightly higher overall than
those for aircraft not fitted, were much lower than for main force aircraft if fully
trained crews only were taken into consideration.*

The serviceability of Fishpond improved over this period, but operational
reports continued to confirm previous trends, However, in July 1944 Fishpond
had its most successful month up to that time. More than two-thirds of the

sorties made against German targets by heavy bombers using Fishpond carried
fully-trained operators, and the total number of warnings of enemy aircraft
received, and confirmed visually, with serviceable Fishpond was 151. Of these,
Fishpond warning before attack was given in 84 cases, and of the remaining 67,
only three were confirmed as having attacked from below and only two from
the same level.* Although there could be no analysis for aircraft shot down,
it was evident that Fishpond was now pulling its weight. H2S continued to

have a bad effect on serviceability, but the increased confidence of crews was
reflected in the more detailed reports that were made.

The first few months of operation of Monica Mark III and Fishpond indicated
that Monica was without doubt the more efficient. It was easier to use, gave

a more clearly defined P.P.l. indication, and had  a higher serviceability rate.
Best of all. it was independent of other equipment. On 2 June 1944 Headquarters
Bomber Command made Monica the requirement for all bomber aircraft to the

exclusion of Fishpond.® It was intended that the introduction of Monica in
H2S aircraft should coincide with the cessation of the Fishpond requirement.
However, the production of Monica Marks IIIC and  D would not be sufficient

for the wholesale replacement of Fishpond until April/May 1945, so the
production of Fishpond, and the incorporation of modifications and improve
ments, bad to be continued. As a result of operational experience, filter unit
Type 173 was designed by the T.R.E. to effect a reduction in the minimum

I /

> A.H.B./1I/G9/206.
» A.M. File CS. 15536.
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range of Fishpond. Prototype models were sent to the Pathfinder Force and
the B.D.U. early in January 1944 for Service trials. The filter.unit was designed
to reduce the minimum range to about 200 yards, but the B.D.U. trials suggested
that the minimum range would be about 450 yards.^ Since there had been
nmnerons reports of enemy aircraft being lost on the Fishpond indicator when
still over 1,000 yards distant, the filter unit appeared to represent a worthwhile
improvement.* Provisioning action for 500 units was taken, on a crash
programme basis, on 31 January 1944, in anticipation of the confirmation by
Headquarters Bomber Command of an operational requirement. Provisioning
action for main production was taken on receipt of confirmation on 9 March 1944,
Deliveries of the first units began towards the end of April. Early deliveries
did not reach the required standard, and a modification to the unit, which was
then styled Type 189, was made a requirement. B.D.U. trials which followed
showed that the modified unit reduced minimum range fay a further 150 to 200
yards, greatly improving the tactical value of Fishpond. In September 1944
Headquarters Bomber Command requested the early prfjvision of the
modification, and also of a second modification, already tested at the B.D.U.,
known as independent brightness control. Meanwhile the decision to abandon
the of Monica in all main force aircraft, leaving Fishpond as the main
warning device in Bomber Command pending the introduction of A.G.L.T.,
made it of the utm(»t importance that Fishpond modifications needed to bring
the equipment up to the standard required by Bomber Command be pressed
forward urgently.®

Fishpond gain and contrast settings had always been subonlinate to the
settings necessary for the satisfactory operation of H2S, and when the H2S
operator switched to the 10-mile scan in the target area. Fishpond could not
normally be used at all.'* The function of the independent brightness control,
as suggested by its name, was to make the operation of Fishpond independent
of the H2S operator's control settings.® It was decided on 26 June 1944 that
the modification should be incorporated as soon as possible, and on 18 July it
w^ decided to go ahead with production without awaiting the results of Service
trijJs. Later, B.D.U. trials showed the addition of this control to be entirely
satisfactory. The total number of aircraft to be modified was expected to be
about 1,000, starting in February 1945.

A forecast of the future production rate of Fishpond and its two modifications
was made on 9 October 1944, Production of Fishpond was forecast as 200 per
month in October and .300 per month thereafter, and of the filter unit Type 189
as 300 per month in October and 500 per month thereafter, but no contract
had yet been placed for the independent brightness control, and the earliest
date for production of this item was forecast as May 1945.® In view of the
importance now attached to Fishpond as the main combat warning device,
Headquarters Bomber Command asked for production of the brightness control
to be accelerated, and by mid-January 1945 it was confirmed that production
would be 100 in March, 200 in April, and 400 per month thereafter. Meanwhile
by mid-November 1944 a total of 100 filter units Type 189 had been delivered
and issued to various squadrons in Nos. 5 and 8 Groups. Unfortunately the
early results with this modification were disapfiointing.
^A.M. FUeCS.21346,

* Bomber Command File BC./527i5/4e.
• A.M, FUe C, 16065/44.
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In October 1944, losses and contacts fell to such an extent that it became

evident that fax fewer German fighters were being employed against the bomber
force. Fishpond was by then the only combat warning device employed in
heavy bomber aircraft, of which about one-sixth were fitted, and a direct
comparison between fitted and non-fitted aircraft engaged on the same raids
showed that Fishpond aircraft had an average loss rate of about one half of that

of the whole force.^ There was a marked improvement in performance and
serviceability, which was maintained until the end of the war. Fishpond
eventually proved to be far more effective than early experience had indicated,
and it was clear that the increased effectiveness was due largely to increased
enthusiasm for the device; some squadrons stiH gave much higher priority to
Fishpond training than others, and they were the squadrons that achieved the

best results.® There were also many reports of the avoidance of collisions due

to the use of Fishpond.

Early Development of Boozer
A receiver capable of accepting the emissions made by enemy ground radar

used for controlling fighters and gunfire was devised by the T.R.E. in 1942,
and given the code-name Boozer. Six experimental sets were supplied to
Bomber Command. The device was arranged so that a red light was observed
by the wireless operator when the Boozer receiver was activated ; thus visual
indication was given when an aircraft was being followed by a ground radar
beam. Boozer was carried in a small number of Stirlings of No. 7 Squadron on
four raids in November 1942, and again on 2/3 December 1942, its first use
against a target in Germany.® Aircrews showed a great interest in Boozer,
and those who first used it were enthusiastic about it, principally because it
indicated when the enemy was taking a direct interest in them. Early results
were encouraging, but it was too soon for an accurate assessment to be made
of its real value.

Research continued at the T.R.E. on improved forms of Boozer, firstly a
double-channel type that would distinguish G.C,I. beams from G.L., and
secondly, after the wavelength of enemy A.I. had been confirmed, a triple
channel type that would give different indications for G.C.I., G.L., and A.I.
In order that further operational trials could be conducted. 18 of the double

channel auid six of the triple-channel receivers were made.* With the double

channel type the same lamp was used to give both indications, a dim red light
showing for G.C.I. and a bright red light for G.L. In the triple-channel set
an additional yellow light gave A.I. indication. The pilot and wireless operator
stations were both provided with indicator units, wired in parallel.

Up to 18 March 1943, 119 sorties had been made with double-channel and
28 with triple-channel Boozer.® Pilots found the bright indications on double
channel Boozer of value in indicating lightly-defended target areas, where
warning was given of unseen flak. In all heavily-defended target areas the
bright indications were too numerous to be of value ; what was needed was some
means of eliminating the shorter bright indications of a few seconds’ duration.
Dim indications also were too numerous and needed some restriction. On

triple-channel Boozer, the A.I. indicator was considered to have great

»A.H.B./II/69/206.
«A.H.B./II/69/168.

» A.H.B./1IH/241/I0/55(A).
• A.H.B./1I/69/I68. B. Ops. Folder Boozer.
‘ A.H.B./n/69/l68.
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possibilities. The value of the A.I. channel naturally depended on the proportion
of enemy aircraft equipped with A.I. It was to be expected that the number
and proportion of such aircraft would increase,

The requirements for Boozer, conditioned by the need for simplicity to help
speed production, were stated by Headquarters Bomber Command in March
1943 to be

(a) The same indication, e.g. a red light, for both G.L. and G.C.I., with a
time delay, preferably variable, of five seconds in the G.L. circuit
and three minutes in the G.C.I. circuit. The times might have to be
modified as the result of further consideration and expenence.

(b) The indication of G.L. and G.C.I. to be given only when the aircraft
at the centre of the beam,

(c) A separate indication, e.g. a yellow light, for A.I.

was

It was requested that, if a version of Boozer with these characteristics
could be developed, it should be put into production immediately, without
waiting for Service trials.^ At that time the possibility that there might be a
gap m the Monica programme after the anticipated jamming of Marks I and lA

causing concern, and Bomber Command was particularly anxious to have
some warning equipment to counteract the A.I. mght fighter, which was
regarded as the greatest potential danger to bomber aircraft. A requirement
was therefore raised for A.I. Boozer to be provided on the basis of one per
operational heavy and medium bomber, and it was emphasised that if the
production of Boozer eqmpment covering A.I,, G.C.I., and G.L. was likely to
be difficult and to delay its introduction, a separate .4.1. warning receiver was
wanted first.* The G.C.I./G.L. equipment could then be provided later, either
as a separate receiver or as a three-channel .set in substitution for the simple
A.I, set.

was

Headquarters Bomber Command asked at the same time for a number of
technical factors to be taken into account:—

(a) Owing to the existing lack of knowledge of the power and performance
of German A.I., it was not yet possible to design  a receiver to operate
at a definite maximum range. The sensitivity of Boozer was there
fore to be variable, the aim being to give a crew five to six minutes
warning before an A.L fighter reached lethal range.

[b) Indication was to be by yellow light to the pilot only,
(c) H2S suppression was to be included to enable Boozer to be used

simultaneously in the same aircraft.

{d) Monica suppression was also to be included if

(c) The aerial was to be positioned so that evasive action by the bomber
did not screen it from enemy A.I. transnuKions.

(/) If Carpet, an airborne radar jammer, were installed in bomber aircraft,
consideration should be given to the feasibEity of A.I. Boozer and
Carpet operating simultaneously.*

necessary.

‘ A.H.B./n/69/T68. , A.H.B./ir/69/l68.
^  ̂0^“ Signals History, Volume VU; * Radio Counter-Measures', for
details of Carpet.
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A.I. Boozer

On 7 April 1943 the Air Ministry informed Headquarters Bomber Command

that 200 A,I. Boozer receivers were to be produced on the highest priority ; the
target date was 1 June.* The equipment was designed so that a G.C.I./G.L.
unit could be incorporated when it became available; the production of 200
G.C.I./G.L. units was being undertaken in parallel with that of A.I. Boozer
but in such a manner that it would not interfere with it. Twelve test sets were

also to be made, and in view of this small number the Air Ministry recommended
that the first 200 A.I. Boozer receivers should be installed in squadrons of a
single group.® The production of a further 1,000 A.l. and G.C.I./G.L. sets was
planned.

Trial installations of A.I, Boozer in Lancaster, Stirling and Halifax aircraft

were completed, and P.F.F. aircraft were the first to be fitted. The policy of
fitting all P.F.F, aircraft had been decided on 16 April, but on 22 May it was
changed and a new priority of fitting was agreed.® As a result A.I. Boozer was
to be installed only in aircraft not equipped with Monica, as delivery from pro
duction began while the Monica fitting programme was still in progress. P.F.F.
aircraft were fitted first, and then aircj-aft of Nos. 3. 1 and 5 Groups in that
order. By the end of June. 127 aircraft had been equipped, chiefly in the P.F.F.,
and 232 operations completed.* Results were most encouraging, and very little
unserviceability was reported.

By 22 August 1943, 248 Lancasters and 123 Stirlings had been fitted. So
far no G.C.I./G.L. sets had been installed. An analysis was made of some
2,000 sorties carried out by aircraft equipped with A.I. Boozer between 11 June
and 11 August 1943, the period in which.Window was first used.® For the pre-
Window period, the loss rate showed little evidence of any reduction traceable
to the use of Boozer, although the perraaitage of attacked aircraft was slightly
less than that for the force as a whole, and there were a few individual instances

in which it seemed that Boozer warning had been of considerable aid to the

bomber in escaping. The loss figures for the post-Window period were more
promising. However, considering the whole period over which A.L Boozer had
been used, the effect on losses was disappointing.

It was decided to modify Boozer to increase the range, and in view of this,
and of the evidence that the use of Window was causing the enemy to rely
more and more on A.I., it was decided that the equipping of bombers with
A.I. Boozer should be continued as rapidly as possible.® About 1,500 aircraft
had been fitted with Monica Mark I, and an installation programme was still
in progress, but Monica Mark lA was not yet in production, and it was thought
that Boozer might be made available in quantity just as quickly. At the time
Boozer was regarded as being more likely to fulfil Bomber Command require
ments than Monica, Although Boozer gave no warning of the approach of
night fighters not using .A.I., and was of no help in avoiding collision, it fitted
in with plans for the further provision of combat warning equipment in tliat it
could be retained as an identification device after the introduction of A.G.L.T.

On 27 August 1943 it was decided to increase the production of Boozer to

600 per month to enable all bombers on aircraft production lines to be fitted.
This decision necessitated further trials by the T.R.E. to enable the final

design to be completed.

‘ A,H-B./IIH/241/22/l(a). Bomber Command FUe BC/S.28806.
• A.H.B./lI/69/ie8. ».A.H.B./1IH/241/10/43{A).
• A.H.B./n/69/168.

* A.H.B./n/^/168.
* A.H.B./n/69/168.
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Meanwhile operational use of the existing A.I. Boozer was continued but
generally it was unsatisfactory because its effective range was too short. The
original specification had been for a maximum range of approximately 3,000
yards, but design was based on an estimate of the radiated power of the enemy
A.r., and experience showed that this estimate had been too high.*
effective range of Boozer was reduced to not more than 1,500 yards, and in
fact the range for any direction of approach other than dead astern
considerably less. This was one of the most disturbing features, and a very
much greater all-round range was wanted.® It was clear that Boozer in its
existing state should never be depended upon to the exclusion of visual
warning, and that the disappearance of an indication was no guarantee that
a fighter had given up or had been shaken off ; the fighter might be making a
different approach. It was recommended that immediate action in the form
of a defensive manoeuvre should be taken on receipt of any Boozer warnings.

G.C.I./G.L. Boozer

TTie main fault of the original G.C.I./G.L, Boozer had been the large number
of indications received, and two modifications were introduced to reduce
them. They consisted of split discrimination, which caused an indication to be
received only when the aircraft was at or near the centre of the Wursburg beam,
and separate and variable time delays in the G.C.I. and G.L. circuits.* These
were first set at 5 seconds in the G.L. circuit and about 30 seconds in the G.C.I.
At the beginning of June 1943, five sets modified by the T.R.E. were ready for
operational use.< They incorporated split discrimination, but the time delays
were not variable. They were fixed at 5 to 10 seconds in the G.L. circuit and
25 to 35 seconds in the G.C.I. Up to September 1943, 76 sorties had been flown
\vith the modified experimental sets. The number of indications received was
very much smaller, and averaged about one per sortie of each type. The
er.ndence suggested that the value of G.C.I./G.L. Boozer was thus much in
creased. A G.C.I. time delay of one minute was recommended for future
operations.

During the summer of 1943, following the introduction of Window, it was
for consideration whether G.C.I./G.L. Boozer was still necessary. The use of
Window afforded the main bomber stream a considerable degree of pro
tection against Wunburg, However, the evidence collected suggested that the
enemy was still using his ground-controlled fighters whenever he had the
opportunity, and stragglers from the main concentration of bombers were still
m danger from this source.® The requirement for the provision of G.C.I./G.L.
units in all aircraft therefore remained.

Triple-Channel Boozer

Three hand-made models of the complete triple-channel Boozer were made
at the T.R.E., and were tested operationally from 24 July 1943.® They included
variable time-delays and used a new form of aerial, and the A.I. range was
beheved to be about 2,500 yards. Production was expected to start in December
1943. Arrangements Were made to modify existing A.I. Boozer receivers, by
,  ̂ "» A.H.B./nH/241/3/262.

Sism^lsH^torTvSlnil^wr Searchlight and A/A control. S« Royal Air Forcesignals History. Volume VII . Radio Counter-Measures , for further details.
* A.H.B./nH/24I/3/263. Bomber Command File BC/S.30343/2.
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the addition of a pulse transformer^ to provide the same range. Full production
of triple-channel Boozer did not in fact begin until February 1944.^ A priority
of allocation was decided, and 250 sets were allocated to four different groups in
March 1944; a further 200 were allocated during April. Production was
expected to be 400 sets per month from May onwards, up to a total of 2,000,
and they were aU to be fitted retrospectively in aircraft of Bomber Command.
On operations, the G.L. delay was set at 7 seconds to ensure that unnecessary
evasive action was not taken, and the G.C.I. delay at 60 seconds as it was

considered that any Giant Wurzburg beam following for less than 60 seconds

could not be engaged in arranging an interception. There was no delay on the
A.I. beam, the range of which was found in practice to be about 1,700 yards.

The operation and recommended action for triple-channel Boozer was as
follows:—®

G.L.—^The appearance of a bright red light indicated that a fiak battery
might be about to open fire. The action recommended was an alteration

of course of 20 to 30 degrees to port or starboard about every 25 seconds
when below 15,000 feet and about every 30 seconds when above. Irregular
alterations were then made until the bright red light went out, indicating
that the Wurzburg was no longer following the aircraft.
G.CJ.—The area covered by the Giant Wurzburg beam at any height

above 10,000 feet was so large that no manoeuvre by an aircraft could shake
it off. The only action possible on receipt of this warning was intensification
of search for enemy aircraft and preparation for combat, since an indication
meant that the aircraft was being plotted by a G.C.I. station with a view to

arranging an interception.
A.L—^The recommended action was corkscrew evasive action until the

warning indication disappeared.

Operadonal Use of Boozer

Early reports on operational use of the various production types of Boozer
conflicting. The first reports, analysed in November 1943, suggested

that the G.C.I. and G.L. channels had proved most useful in enabling pilots
to avoid accurate predicted flak. They indicated that, in spite of Window,
the enemy was still using Wurzburg for flak and searchlight control with some

Further reports made up to March 1944 suggested that the usefulness
of G.C.I./G.L. Boozer was much diminished by the change in enemy control
methods since Window was first employed. On the A.I. channel there was a
similar divergence of opinion.® Some reports stated that Boozer was popular
and effective but in No. 1 Group, from December 1943 to April 1944, the loss
and attacked rates for 1,031 sorties made with Boozer-equipped Lancasters

rather higher than those for non-equipped aircraft on the same raids. A
general assessment of combat warning devices showed that whereas Monica
and Fishpond appeared to have had a definite effect in reducing the loss and
attacked rates, Boozer did not.

From the time when A.I. Boozer was first brought into operational use in
June 1943, up to September 1944, during the period of introduction first of
G.C.I./G.L. Boozer and then of triple-channel Boozer, at no stage could it be

were

success.

were
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said that there was direct evidence that Boozer was saving aircraft. During
a great part of this time the A.I. range of the device was, without doubt,
inadequate.i^ An increase in sensitivity was provided by the addition of a pulse
transformer, and the triple-channel receivers were operated with a new aerial
system which brought a further improvement but the equipment was still
unsatisfactory after many months of operation.®

Boozer was intended to be complementary to either Monica or Fishpond.
It had been expected that the association of Boozer with Monica or Fishpond
would enhance the value of both members of the combination, since the
identification given by Boozer would sometimes be added to the information
on position given by the other devices. However, due to the general shortage
of warning equipment, for a long time many aircraft were fitted with Boozer
only, and by itself Boozer suffered from the serious deficiency that it gave
indication of range or direction.

Because Boozer was fundamentally sound in that it did not radiate and
responded only to enemy transmissions, it was persevered with for longer
than might otherwise have been the case. Had the attempts to improve the
usefulness of Boozer been successful, it would have been extremely difficult for
the enemy to counter it without changing his own system. Boozer was stiU
regarded as a standard requirement for all bomber aircraft, in addition to any
other warning equipment, in the early months of 1944, but by the end of March
enthusiasm was waning, and in June it was confirmed that no further sets
would be required beyond the 3,000 then on order.®

Withdrawal of Boozer

no

Boozer was removed from all bomber aircraft except Mosquitoes in
September 1944, as a direct result of the adoption by the enemy of a new form
of A.I. known as S.N.2, working on a frequency outside the range of Boozer ;
it was known that S.N.2 was fast becoming a universal installation in night
fighter squadrons.* A secondary reason was the final acceptance of the fact
that Boozer was a failure. The G.C.I./G.L, channels were not affected by the
new German equipment, but they too were abandoned; and there was no
move to produce an A.I. Boozer to cover the new S.N.2 frequency. There
remained, however, the possibiUty that jamming of S.N.2 might force the
enemy to revert to the use of Lichtenstein, and against this eventuality stocks
of Boozer were conserved.®

Development of A.G.L.T.

The use of automatic gun-laying in aircraft was first suggested by Squadron
Leader F. V. Heakes, then R.C.A.F. liaison officer at the Air Ministry in
July 1939. Squadron Leader Heakes believed that the basic weakness of
radar for fighter interception was that although it might bring the fighter
within striking distance of an enemy aircraft, it did not thereby ensure that
the fighter pilot made contact, or that he would be able to hit bis taiget if

• A.M. FUe C,16038/44.
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he did. A further step was needed: the provision of an R.D.F. gunsight of
such qualities that the pilot could open fire without actually seeing his
opponent.^

By 1942 three versions of a radar automatic gun-laying system were und^
development at the T.R.E. The turret equipment included a scanner, a
simple radar control box, a complete Mark II gyro gunsight installation and a
small cathode ray tube. The scanner, with a rotating dipole, was mounted
externally underneath the turret and moved in azimuth with it; it was linked
to the guns for movement in the vertical plane. The cathode ray tube was
housed in a collimator and fixed to the gyro gunsight. It projected an image
in the form of a green spot in the line of sight of the gunner when he looked
through the gunsight. When the scanner picked up  a target aircraft, the
green spot moved oS in the direction of the target and sprouted wings ; when
it was pointed within 4 degrees of the target aircraft the green spot was super
imposed upon the target and the gunner was thus presented with a visible
target at which to aim with the aid of the moving graticule of the gunsight.
Radar equipment located in the fuselage provided an automatic ranging device
for the gyro gunsight, a visual indicator, showing range in yards, which was
watched by the wireless operator, and a warning which was audible on the

intercommunication system.

The first of tlie T.R.E. systems, known as A.G.L.T. Mark I or Village Inn,
had a manually-operated scanner; a 30 degrees cone was scanned automatically
and could be projected in any direction by manual operation of the guns or
the turret. A wider beam could be attained by de-focusing the scanner ; it
was estimated that de-focusing would increase the coverage of the cone to

50 degrees. In the second system, known as Mark II. tlie scanner was auto

matically operated: a 90 degrees cone was scanned automatically,  and this
again could be increased by manipulation of the turret. The third system
was similar to Mark II except for location of the scanner. The Air Staff
decided; that the coverage offered by Mark I was too limited and that it would
be better to concentrate on the development of Mark 11, although this meant
accepting an additional nine months delay, since it was unlikely to be available
for trials before the end of 1944. The drawback of Mark I was that with a

cone of only 30 degrees centred around the longitudinal axis of the guns,
continuous manipulation of the turret would be necessary to give reasonable
cover. It was considered that such manipulation, besides quickly exhausting
the gunner, would also tire the pilot, since it would not be easy to maintain a
steady course while the turret was being continually swung.* Mark II was
therefore accorded the higher priority, although development of Mark I was
continued.

The success of the flight trials of Fishpond in May 1943 inspired the idea that
A.G.L.T. Mark I, if used in conjunction with Fishpond, would be acceptable.^
A.G.L.T. Mark I could be made available some nine months before A.G.L.T.

Mark II, and used in conjunction with Fishpond it gave the required cover.
The Air Staff therefore decided to develop Mark I as quickly as possible,
relegating Mark II to the role of a possible successor to Mark I, which it was
hoped would be ready by June 1944. It was not known at first what the

»A.H.B./IlH/24l/I0/55(a).» A.M. File CS.9853.» A.M. R.E. FUe D.2153.
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performance of A.G.L.T. alongside H2S/Fishpond would be, as the prototype
A.G.L.T. Mark I was fitted in a Wellington without H2S, but trials at the
T.R.E, soon confirmed that the directional accuracy was satisfactory. Develop
ment contracts were placed, the target date for production being 1 April 1944.
The T.R.E. expected to have two complete prototypes by September 1943
and four more by November. The early introduction of A.G.L.T. Mark I
w^ given the highest priority, additional staff, labour and other facilities
being ̂ corded to this end,*^ The Air Staff requirement was that it should be
fitted in all H2S aircraft, and early in July the target dates were advanced ;
it was planned that 200 sets of equipment, for 100 Lancaster aircraft
installations with 100 per cent spares, should be produced on a crash programme
starting on 1 February 1944.

An air-to-air identification system was a fundamental requirement of
automatic gUn-laying. and that developed for use with A.G.L.T. Mark I was
known as Type Z, a trial installation of which was made in a Lancaster on
11 February 1944. Infra-red ray transmitters with automatic coding box and
two downw^d identification lamps were mounted in the nose of bomber
aircraft; the emissions were made visible to the tail gunner of preceding
aircraft through a simple infra-red telescope aligned with his gunsight. When
he observed a contact on his A.G.L.T. display, he checked to see if infra-red
transmissions were being made. If no emissions were visible he was entitled
to assume that the cont^t was hostile and to open fire. Thus the system
suffered from the same failing as did the IJF.F. system; it was purely negative.
It did not meet the Air Staff requirement for positive identification, but
did any other method when in Fe^ary 1944 all other possible systems were
surveyed. The best solution to the problem seemed to be offered by a system
known as Liquid Lunch, in which it was intended that warning would be
received when A.G.L.T. was pointed within 4 degrees of the target aircraft.
Grera, amber and red lamps would indicate respectively when Liquid Lunch
was in operation, when the aircraft was illuminated by A.G,L.T., and when it
was being aimed at by A.G.L.T. It was decided to develop the system as a
replacement for Type Z and to investigate by experiments the possibility of a
reverse signal triggered by Liquid Lunch being received by the A.G.L.T. beam
m such a way that the aircraft contact blip was neutralised.
A.G.L.T. was suitable for installation in the more modem turrets only. The

only turret in operational use which could accommodate A.G.L.T. was the
Frazer Nash 120, two of which were modified and delivered to the T.R.E. for
trials.® A Lancaster fitted with an F.N. 120 turret and A.G.L.T. Mark I
tested for aircraft stability and gunnery at Boscombe Down, and the report
was satisfactory. Modification of the F.N. 120 to enable it to accommodate
A.G.L.T., and also of the two new types of turret which were expected to come
into production in 1944, the F.N.82 and the Boulton and Paul Type D was
initiated. On 28 July 1943 the Air Staff stated the requirement afresh as
inst^ation of A.G.L.T. Mark I in all Bomber Command aircraft equipped
with F.N,82. and also in Type D and F.N. 120 turrets, but only until and
without prejudicing the introduction of the F.N.82. It was decided at the
same time not to proceed with A.G.L.T. Mark 11, but to develop a new and
• A.H.B./IiE/6/63. A.G.L.T. Agenda and Minutes of Meetings.
’ A.H.B./IIE/6/63. A.G.L.T, Agenda and Minutes of Meetings.
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improved equipment designated A.G.L.T. Mark III, which included such
refinements as automatic search, lock-foUow pemitting blind firing, and
improved presentation. In the event, development of Mark III was delayed
because all available effort and resources were required for Mark I. By
July 1944 it was, however, being undertaken at the T.R.E. with the object of
overcoming the major weaknesses of Mark I revealed by operational experience,
although it was realised that, despite any pressure that naight be brought to
bear, the equipment was unlikely to be available before the end of the war.*

By September 1944 it was possible to estimate that production could be
started about one year later. At the same time the R.A.E. had been engaged
on development of Mark IV, a completely miniaturised equipment suitable for
tropicalisation. It was estimated that production could begin about six months
after that of Mark III.

Prodocdon and Installation

Service trials of A.G.L.T. Mark I installed in a Lancaster were conducted at

the B.D.U. from October 1943 to January 1944, and the results were

encouraging. A number of limitations were revealed, however, which
necessitated specialised technique and operational restrictions. Since a very
high standard of serviceability could not be expected until experience had
been gained it was essential to provide the gunner with means of knowii^
whether or not the equipment was working correctly, and the installation in

the turret of simple test gear to give reliable and quick indication of service
ability at any time was required. With the turret and guns stationary the
scanner searched a cone 30 degrees in width and was effective to a range of
1,330 yards. The area searched could, however, be greatly increased

artificially by movement of the turret and guns, which changed ̂ e direction
in which the scanner was pointing. The F.N.121 turret, a modification of
F.N.120, could be rotated to 85 degrees on either beam and the guns depressed
45 degrees and elevated 60 degrees, although the scanner was limited in
elevation to 45 degrees. Those movements, combined with the field of radiation
of the scanner, enabled A.G.L.T. to be used as an early warning device over an
effective area of search extending to 100 degrees on either beam and to 60 degrees
in elevation and in depression. Blind firing was of course restricted to the

degree of movement of the centre line of the scanner, 85 degrees on either beam
and 45 degrees in elevation and depression. The speed with which the turret

could be conveniently manipulate for continuous search was limited. It
took between 30 and 40 seconds to cover the maximum possible area of search,
during which time an enemy fighter might have dosed in by 600 yards. It
was, however, unlikely that effective attacks would be made from wider on

the beam than 60 degrees or at a greater elevation than 30 degrees. The
gunner, could, therefore, safely limit his gim elevation to about 15 degrees, but
difficulty was experienced in restricting movement in azimuth because the

gunner had little idea of the direction in which his turret was pointing. Incor
poration of a device by which the gunner could be informed when he reached
45 degrees in rotation was consequently required. Rotation of the turret

during search caused a certain ruddering effect on the aircraft but did not
prove to be unduly tiring to the pilot or detrimental to navigation.

> A.H.B./ID/12/315(A). A.I, Equipment.lA.M. File CS.228SI.
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Meanwhile, hopes were entertained that the crash-programme production
of 200 A.G.L.T. Mark I would be delivered by the end of March 1944, and the
first 100 possibly by the end of February. Quantity production of 3,000
equipments was due to b^in in March, deliveries from which were not
expected before July. Two A.G.L,T, trainers were made by the R.A.E.. and
four instructional courses for radar mechanics were arranged at the T.R.E., the
first of which was nearly completed by the end of January. Two squadrons,
one in No. 1 Group and one in No. 5 Group, were to be equipped with
equipment from the crash programme.^^

A number of turret wiring faults were found in early deliveries of aircraft
equipped with A.G.L.T. Mark I. Most of them were due to cables not being
laid in accordance with drawing, but some were more fundamental. On
18 March 1944, by which time eight aircraft had been delivered, the installa
tion programme was suspended whilst trials were continued at the B.D.U.
By 26 April an improvement in reliability enabled fitting to be resumed.
There were still many difficulties, dtie mostly to a shortage of aircraft connector
sets, the varying dimensions of individual turrets, and poor minimum range.*
However, by 5 August 1944, one squadron had been completely equipped
and fitting in the second squadron had begun.
It was the intention to manufacture one A.G.L.T. set for each turret produced

up to the end of 1944. and sufficient sets thereafter to cover the aircraft pro
duction programme in addition to the necessary maintenance and stock
building requirements. However, in July 1944 it became evident that the aim
would not be achieved, and, to make matters worse, even the existing limited
A.G.L.T, programme was retarded by difficulties which arose in production.
The possibility of increasing the rate of production had been under discussion
for over a year, but, with the many other urgent commitments that industry
had to meet, increase was found to be impossible. It was apparent that,
for the next twelve months at least, more than half the heavy-bomber force
would be without A.G.L.T.® Production of Type Z equipment had reached
150 by mid-August. The first sets delivered were rejected by the R.A.E.
because the telescope misted at a temperature of 40 degrees centigrade and
production was delayed while the fault was cleared. Instructions for the use of
A.G.L.T. and Type Z were issued by Headquarters Bomber Command
25 June 1944.* The main points were:—

(a) Blind firing was forbidden in certain areas, mainly over friendly
territory, but there was no restriction in the use of A.GX.T.
warning device in those areas.

(b) In unrestricted areas the gunner, before opening fire, had to identify
either visually or by Type Z. It was emphasised that the onus of
correct identification rested entirely on the gunner, who was under
no circumstances to open fire if there was any doubt,

(c) The navigator was responsible for the correct functioning of the Type Z
transmitter during flight.

(d) As soon as a gunrier was completely satisfied that a contact was hostile,
he was to open fire at 700 yards range. When the range closed to
400 yards the pilot was to start immediate corkscrew evasive action.

• A.M. File CS. 19968.
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> A.M. FUeCS.19968. »A,M, FUe CS. 19968
* A.M. File CS.22851.
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A.G.L.T. Mark I with Type Z identification was used operationally in one
squadron of No. 1 Group from the last week of July 1944. It was recognised
at once that the biggest handicap to the successful operation of A.G.L.T. was
the poor performance of the infra-red identification system: gunners were
forced to rely on visual identification, thereby nullifying to a large extent the
advantages of A.G.L.T.J^ In spite of this severe handicap, and the diflStculties

arising from the need for continuous manipulation of the turret for searching
purposes, A.G.L.T. appeared to be a most efficient warning device and a
formidable weapon against the enemy night fighter. Headquarters Bomber
Command confirmed that A.G.L.T. Mark I was an urgent requirement for
all heavy-bomber aircraft and asked for full-scale introduction to be hastened

on the highest priority.

The A.G.L.T. programme provided for the fitting of F.N. 121 turrets in
Lincoln and Lancaster aircraft, F.N. 82 turrets to supersede F.N. 12I turrets
in first Lincoln and then Lancaster aircraft, and Boulton and Paul Type D
turrets in Halifax aircraft. By mid-September 1944, contracts had been placed
for 9,030 A.G.L.T. Mark I equipments, the requirement being:—

{a) 3,130 at the rate of 170 per month for F.N, 121 turrets in Lincolns and
Lancasters.

{b) 4,120 at the rate of 230 per month for F.N. 82 turrets in Lincolns and
Lancasters,

(c) 1,7®) at the rate of 100 per month for B. and P. Type D turrets in
Halifaxes.

Delivery of Lancasters modified for A.G.L.T. Mark  I installations began in
January 1945 at the rate of 30 per month. This rate rose to over 100 in April
and then fell steadily as Lanc^ter production fell and was supplanted by that
of Lincoln aircraft. All Lincoln I aircraft were fitted with A.G.L.T. Mark I

from the start of production.

It was decided on 28 January 1945 not to fit Halifax aircraft with A.G.L.T.
The trial installation had not been cleared and it was doubtful whether A.G,L.T,

could be introduced on the production line before June/July 1945. By that time
it was unlikely that Bomber Command Would have much interest in the

Halifax, as its production was rapidly declining. The policy was that all
Lincoln and Lancaster aircraft in which H2S Mark IIC or later Marks was

installed on the production line were to be equipped subsequently with A.G.L.T.®
Aircraft of the P.F.F. were to be equipped throughout with A.G.L.T. before a
start was made with main force squ^ons,® Some of the crash programme
equipments withdrawn from No. 1 Group when that group began to re-equip
with the Rose turret were transferred to the P.F.F. to provide initial training
facilities.

InMarch 1945, No. 32 M.U. was installing A.G,L.T, Mark I and H2S Mark IIIA
in P.F.F. aircraft at the rate of 30 per month. The installation programme
absorbed the whole of the manufacturer's output of modified Lancasters, but
in April the flow of aircraft increased substantially, and the unit was able
to equip from 60 to 70 Lancasters per month. Headquarters Bomber Command

> A.M. FUo CS.19968.* A.M. FUe CS.23266.» A.M. FUfcCS.22851.
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therefore agreed that A.G.L.T. should be installed in aircraft of No. 5 Group
when the Pathfinder Force commitment had been met, and in aircraft of other
main force groups, in an order of priority to be nominated at a later date,
when the No. 5 Group programme had been completed.^ It was expected
that the rate of fitting at No. 32 M.U. could be maintained and improved
to the end of May, when other commitments would reduce it. Headquarters
Bomber Command had previously agreed to accept the task of equipping main
force aircraft in due course, provided that aircraft modifications had been
completed. The installation of A.G.L.T, equipment itself was not a heavy
burden, and in any event the flow of aircraft would not be great until the end of
1945. Up to 23 March 1945 the total number of Lancasters delivered to No. 32
M.U. was only 78, and no progress had yet been made with Lincolns.® However,
in Bomber Command, manning in the trade of radar mechanic was some
25 per cent below establishment, and although it had been decided that the
introduction of A.G.L.T. should not be held up because of likely servicing
difficulties, it was no longer possible to undertake an installation programme.
It was therefore requested that the capacity of No. 32 M.U. should be increased
to enable installation to be made in 100 aircraft per month, and that con
sideration should be given to the ̂ ssibility of installing A.G.L.T. on the aircraft production line or at other maintenance units,® However, the rate of fitting
at No. 32 M.U. could not be raised above 100 p>er month, and that figure even
would be reduced in June; from a number of alternative programmes Head
quarters Bomber Command chose the following in order of priority:—*

(a) 30 Lancasters per month for the Pathfinder Force, with F.N. 121
turrets and A.G.L.T.

(b) IS Lancasters per month for allotment to Nos.  3 and 5 Groups, with
F.N. 121 turrets but without A.G.L.T.

(c) 45 Lancasters for No. 5 Group, with F.N. 82 turrets and A.G.L.T.

Operational Use

An Operational Research Section report on the operational use of A.G.L.T.
Mark I crash programme equipment attributed the lack of success to several
factors. The shortage of test gear, the fact that radar mechanics were unfamUiar
with the equipment, and numerous weaknesses in design and construction
combined to make the standard of serviceability a very low one; not unusual
when new equiprnent was introduced on the basis of a crash programme. The
standard of serviceability of A.G.L.T. was limited in any event by that of
H2S, Fishpond and other related equipment, and the expected maximum
possible was rated as 80 per cent; faults in A.G.L.T. equipment itself reduced
the rating to 65 p>er cent. Such a standard was obviously unsatisfactory,
and a requirement was raised for modifications which would make the effective
operation of A.G.L.T, independent of other equipment. Adequate aircrew
training facilities had been provided at heavy conversion units, but there liad
not yet been time to overcome the lack of adequately trained pereonneL In
addition it had become apparent that the introduction of the new types of
A.G.L.T.-equipped turrets made it not only essential that air gunners should

•A.M. FUe'cS, 19968.
Lincolns were to be substituted as they became available.
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be more highly trained but also that a higher standard of personnel selection
was required. The principal factor affecting the successful application of
A.G.L.T. was, however, that of identification. The Type Z, being a negative
system of identification, never inspired confidence in air gunners, whose
responsibility it was to identify a contact before opening fire; they hesitated
to fire even when they received no response.^ 25 Liquid Lunch equipments
were manufactured in 1944, but Service trials indicated that the system offered
no substantial improvement on Type Z.

However, since automatic gun-laying was a very great advance in air gunnery,
possibly the greatest yet made, and was the best solution in sight of the
problem of the defence of the n^ht bomber, it was felt that it would be a

tragedy if it were not given a fair trial before the war ended.® It was considered
that coasiderable effort should be expended to obtain a wider experience of
A.G.L.T. if this could be done without prejudice to operations. Records
showed that the Type Z transmitter was very nearly lOt) per cent reliable,
and it vras thought that knowledge of this fact would devdop in gunners a
readiness to fire blind. The receivers were 91 per cent reliable, and, since
nearly all the 9 per cent of failures were made obvious to the gunner by means
of his test gear, he was able to switch off A.G,L,T. and revert to visual methods
of identification. In February 1945 Headquarters Bomber Command instituted

a drive to ensure that Type Z transmitters were always switched on, and the
Air Ministry recommended that the Type Z circuit should be connected to the
main aircraft electrical switch to ensure that Type Z was always switched on
so long as the aircraft was airborne. It was made clear to all crews that
A.G.L.T. gunners were expected to fire on all contacts not showing Type Z.
A factor militating against implementation of this policy, however, was the
shortage of radar mechanics, a shortage that would be even more acutely felt
when installation of A.G.L.T. by squadrons began. If the A.G.L.T. and

Type Z equipment could not be properly serviced a policy calling upon
gunners to fire on all contacts not showing Type  Z would be untenable, It
remained to assess to what extent the potential value of A,G.L.T. was being
unrealised through users not accepting responsibility for opening fire without
positive identification, and the lack in Bomber Command of sufficient

personnel qualified to install and service the equipment. It seemed that the
second factor was the more fundamental, since A,G.L.T. could never be brought
into effective use unless it Was properly serviced and understood.®

There was. however, another vital factor which prevented full realisation of
the potential value of A.G.L.T, After the introduction of the A.G.L.T. crash
programme equipment on operations in July 1944, enemy night fighter
opposition became negligible. It was estimated that in the last few months
of the war the average sightings of enemy night fighters were one in every
thirty sorties. In other words, during a complete operational tour a gunner
could expect to see only one enemy fighter. It was not surprising therefore
that gunners were reluctant to believe the evidence of Type Z when it suggested
that a contact was an enemy fighter. Their opportunities for firing of any
kind were almost nil.

* A.M. File CS. 19968. The fact that navigators soroetimes omitted to switch on the
Type Z transmitter, in spite of clear instructions, was another factor in undermining
confidence.
* A.M. Fjle'CS.2285I. » A.M. File CS.22851.
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The squadrons equipped from the crash programme were unable to build
up either the confidence or the experience necessary with such a revolutionary
equipment as A.G.L.T. Then and later, due to the high rate of effort, crews
were finishing their tours in record time, with the result that, although A.G.L.T.
was occasionally used for blind firing when it was first introduced, the initial
experience became progressively diluted. By the end of April 1945 it
apparent not only that there was insufficient operational experience of A.G.L.T.
for its value to be accurately assessed, but also that it was most unlikely that
conditions favourable to its use would recur. In June 1945 it was decided that
A.G.L.T, would not be a requirement in overseas theatres during Stage 11, and
the total number of equipments to be produced was reduced to 2,000.
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