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Preface 

THE 1939-45 War was the first in which a scientific and co-ordinated raid 
r.eporting and fighter control organisation was employed in air battles. 

The essentiai requirements of this air defence scheme were the provisi0n of some 
method of detection whereby early warning of hostile raids could be obtained, 
a. communications syste~ over which the early warning reports were passed to 
suitable centres from which intercepting aircraft could be controlled, a means of 
distinguishing friendly from enemy aircraft; and• the use of suitable devices 
carried in the aircraft whereby interception was aided. The foundations of this 
Royal Air Force system were based on Signals facilities, being dependent on 
radar devices and on ground and air telecommunications. A comprehensive 
narrative of Signals in air defence during the Second World War is too extensive 
to be included within the confines of one book. This Volume is therefore con­
cerned only with the first of the essential air defence requirements, namely, 
the method of detection by means of which efficient raid reporting was possible. 

Tbe method of detection employed was known as "Radar " 1, a system · 
which was to revolutionise the ?-rt of raid ,eporting during the War. The secret 
research in radar before hostilities broke out made a most important contribution 
to the preparedness of this country to face aggression- thanks to the foresight of 
scie11tists and Royal Air Force officers who had developed this radiolocation 
system. This narrative, therefore, begins at a time (1935) when the whole 
question of air defence was being reviewed and the first proposal for radio 
detection was made. After describing the scientific background, the introductory 
chapters continue the story to the point where a practical radio warning system 
was emerging and Royal Air Force Signals personnel were beginning to take 
over radar duties from research scientists. From that point onwards, the field 
of applicatio,n of raid reporting radar in the Service expanded rapidly i:lnd 
became world-wide as the War progressed. 

The story has been written in some detail , since radio detection wa.s a novel 
principle in the military field and played a great and ever-increasing role 
throughout the War. From the original demonstration of the radar principle 
in the United Kingdom on 26 February 1935, a lead was established so that 
Britain, and later her Allies, maintained a supremacy over the enemy in the 
radar field. The importam~e of this cannot be emphasised too fully, as radar, -
rnore than any other single development since the aeroplane, changed 1he face 
of warfare by blunting the edge of one of the greatest weapons in war, namely, 
surprise. 

Although radar was developed originally as the basis for defence against air 
attack and it is that aspect which is discussed in this · volume, ultimately 
defending fighter aircraft were contwlled directly from special radar stations. 

1 Tbe detection system was originally koown as " R.D.F." It was renamed " Radar " 
in September 194:3 to confonµ with United States terminology and thus a void technical and 
administrative difficu lties between tbe Allies , 'fhroughout tb.e Royal Air Force Signals 
War Historieaal .... ~nographs the name current at the time under consideration has been 
adhered to as far as possible. A further term introduced for general use was "Radiolocation '· 
-when tile ex:is tence of R.D .F . was ·dlscJosed to toe public on 18 .June l941 by a statem,ent 
in the House of Commons. · . 
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The growth of fighter control radar stations is dealt with elsewhere.1 .Never­
theless, eventually many radar stations, particularly in overseas theatres of war, 
had a dual function, being responsible for both early warning and fighter control. 
As a consequence, the fighter control aspect of these stations after 1942 is 
discussed in this volume as well as their raid reporting functions. 

Finally, the metamorphosis of ground search radar operational technique, 
.from a network of dispersed ground stations (reporting to an operational control 
centre) to a master control radar station which combined all the functions of 
early warning and fighter control in a centralised fonn, is dealt with in the 
dosing chapters of this volume. Perhaps it is at this stage that the most 
valuable lessons are to be learned for the future employment of the radar 
" eyes " of our land, sea and air forces. 

---------
1 VoJ-1.1me V, "Fighter Control and Ioterception." 
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CONFI DENTIAL 

CHAPTER I 

THE CONCEPTION OF R.D.F. RAID REPORTING, 1935 
In 1934, before experiments into radio detection of aircraft were authorised 

by the Air Staff, little work was heing done on technical devices to assist in air 
defence. The only development in hand was Sound Location (Acoustic Mirrors), 
which seemed to have reached a stage where further improvement in operation 
was problematical. Judged by modem standards, sources of.air raid warning, 
communications, and Operations Rooms were all of a primitive nature., · The 
J?eriod of warning from the Observer Corps and the accuracy of prediction of the 
movements of hostile aircraft were inadequate. The time-lag in raid reporting 
and the incre·asing speed of aircraft made it imperative that some means should 
be devised for providing earlier warning. 

Formation of Committee for Scientific Survey of Air Defence (C.S.S.A.D.) 
On 12 November 1934, the Director of Scientific Research (D.S.R.), Air 

Ministry {Mr. H. E. Wimperis), drew attention to t he difficulties of defence 
against hostile aircraft in view of the lugher speed of aircraft, higher ceilings, 
less noisy engines, and the ability to fly with automatic pilot in cloud and fog.1 

He suggested that a committee under the chairmanship of Mr. H. T. Tizard, 
the Chairman of the Aeronautical Research Committee, might be set up in order 
to intensify research into new defence measures, such as the development of a 
ray of energy capable of nullifying engine ignition or capable of detonating 
bombs ; also to determine the effect of this radiation on the human body, or on 
the metal fuselage or wings of aircraft. · He advocated that scientific surveys in 
these and other means of defence at that time untried might open up some such 
visionary channels for exploration. Mr. Wimperis suggested that members of 
the comm.ittee should include Professor A. V. Hill, Professor of Biology at 
University College, London, and Professor P. M. S. Blackett. 

The suggestion was made t o the Air Member for Research and Development, 
{Air Marshal Sir Hugh Dowding) , the Chief of Air Staff (Air Chief Marshal 
Sir Edward L. Ellington), and the Secretary of State for Air (The Marquess of 
Londonderry), who all approved the formation of such a committee with the 
\>,idest terms of reference to cover all possible developments, namely :-

'' To consider 110w far recent advances in scientific and technical knowledge 
can be used to strengthen the present methods of defence against hostile 
aircraft." 

The constitution of this Committee for Scientific Survey of Air Defence was 
as follows :-

Chairman 
Members 

Mr. H. T. Tizard. 
Professor A. V. Hill. 
Professor P:'M. S. Blackett. 
Mr. H. E. Wimperis. 

• Secretary . . Mr. A. P. Rowe. 

The· Air ,Defence Suh-Committee of the Committee of Imperial Defence 
At/about this time, but independently of the proposals for the C.S.S.A.D., 

air defence was- being discussed by Members of Parliament and it was decided 
to set up an Air Defence Sub-Committee of the Committee of Imperial Defence 

1 Air Ministry File S.34763, Miou,te 2 . 



under the chairmanship of Sir Philip Cunliffe-Lister (later Viscount Swinton) to 
co~ordinate all Air Defence development at an inter-Service and inter-Department 
JeveL1 Mr. Tizard was a member of this committee, and his own committee 
(the C.S.S.A.D.) reported to the Committee of Imperial Defence (C.I.D.) through 
its Air Defence Sub-Committee. 

Mr. R. A. Watson Watt's Original Proposal oo Radio Detection 

In January 1935 Mr. H. E. Wimperis consulted Mr. R. A. Watson Watt, then 
Superintendent of the Radio Department of the Nationat Physical Laboratory; 
on tbe possibility of using electromagnetic radiation to damage aircraft or 
aircrew. As a result of this informal approach, within two weeks _Mr. Watson 
Watt, with the collaboration of one of his colleagues, Mr. A. F. Wilkins~ 
produced a note showing that the quantity of energy required was far too great 
to be provided by any known method. Having established the impracticability 
of radiation for ,destructive purposes, Mr. Watson Watt added a commerit that 
certain researches on which he bad been engaged might be of great assistance.in 
the problem of fhe detection and location of aircraft by radio. 

The researches to which he referred had been carried out to investigate the 
properties of the ionosphere--a conducting region in the upper atmosphere 
having great influence on the long-range propagation of radio waves. For some 
ten years before 1935, scientists had been carrying out investigations and much 
effort had been and was being devoted to methods of determining the height of 
this region. In one method a short pulse of radio waves was sent out from a 
transmitter and on l'eaching the ionosphere was reflected and picked up by a 
receiver. By measuring the time taken by the pulse to travel to and from the 
region, the latter's height could be determined, since the speed of radio waves 
was known. The time taken was a minute fraction of a second so that normal 
mechanical timing devices were entirely inadequate for its measurement. A 
cathode-ray oscillograph was therefore used. In this instrument a beam of 
electrons was made to produce. a spot of light on a fluorescent screen. The spot 
was moved uniformly across the screen by electrical means and both the 
transmitted pulse and the puJse received after ' ' reflection" were made to deflect 
the spot downwards., The distance between these two deflections was thus 
proportional to height of the ionosphere. In practice, a regular success-ion of 
pulses was sent out and the horizontal traverse of the spot was synchronised so 
that the beginning of the horizontal trace was simultaneous with the emission 
of the transmitted pulse. The whole process was repeated at such a speed that 
persistence of vision made the path of the spot appear as a horizontal straight 
line with a kink corresponding to the received pulse; the distance of this 
kink from the beginning of the line gave a measure of the height of the 
conducting region. 

It was in work of this nature- though not exclusively so- that Mr. Watson· 
Watt had been engaged, a'nd it occurred to him that the same method could be 
used for the detection of aircraft, the aircraft taking the place of the" reflecting" 
region an9- its distance being found in- the same manner as the height of the 
ionosphere. -

T~ese views were put to the Committee for Scientific Survey of Air Defence 
at its first meeting on 28 J anuary 1935. The committee was agreed that "the 
problem of defence was largely one of detection o'f the positions of enemy 

~ Ministry of Aircraft Production, S.R.l. Folder. 
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aircraft'' and asked Mr. Watson Watt to act on the ideas he had put forward.1 

An immediate recommendation was made to the Air Member for Research and 
Development by the C.S.S.A.D. that a suitable scientific staff from·the National 
Physical Laboratory should be seconded to the Air Ministry for experiments to 
begin at once. The cost of the necessary apparatus was expected to be about 
£4,000 and it was proposed that Treasury authority should be requested for the 
National Physical Laboratory to assist with the experiments, at a cost not to 
exceed £10,000 for the first year. Air Marshal Sir Hugh Dowding, the Air 
Member for Research and Development, while appreciating the benefits of the 
system if it proved successful, was rather dubious at asking for immediate 
authority to spend £10,000 on a purely defensive project in case an offensive 
device should arise during the early course of the Committee's researches.2 

First Practical Demonstration of the Radio Detectlou of an Aircraft 
Mr. Watson Watt rapidly produced a plan which he hoped would successfully 

locate aircraft by a radio echo method, and submitted it as a memorandum to 
the C.S.S.A.D.3 Acting on the advice of Air Marshal Sir Hugh Dowding, a: 
demonstration with an aircraft was arranged to take place before Treasury 
approval was sought for N.P.L. research. This was held on 26 February 1935, 
primarily to determine whether sufficient electro-magnetic energy would be 
u reflectecl " from metal Gomponents of an aircraft structure for measurement 
purposes_4 No attempt was made to determine the location of the aircraft. 
The source of continuous wave radiation was the 10 kilowatt Daventry Station 
beam operating on a frequency of 6,000. kilocycles per second (50 metres). 
The maximum strength of the beam was at an elevation of 10°, little energy 
being radiated at zero and at 20° to the horizontal. The beam was wider 
laterally, the radiation falling to half its maximum value at 30° on either side 
of the beam. 

The receiving apparatus, which had not been specially designed for the test, 
was erected the night before by Mr. A. F. Wilkins (a Scientific Officer on the 
staff of the Slough Radio Research Station) at Weedon, Northants, about six 
miles from Daventry in the direction of the beam. The direct signa'l from 
Daventry was recorded as a linear oscillation on a cathode ray os<;illograph, 
appearing a.s-a single line. It was anticipated that reflection of the Daventry 
radiation from the moving metallic structure of an aircraft would cause phase 
io,terference with the direct . signal resulting in a flu ctuation o the length of 
the oscillograph line. The frequency of the fluctuations would depend on 
the position and ground speed of the aircraft and of the wavelength used. 

It was arranged that a Heyford aircraft should fly at 6,000 feet to and fro 
between Daventry and a point 20 miles·distant along the lateral centre of the 
beam. Four runs were made during the tirne available for the experiment but 
none of them was directly over the receiver ou the ground as intended, although 
three passed very close. On the three runs easily detectable signals were 
obtained, the only disturbance beingoccasionaJ "flicks" caused by atmospherics. 
On the fourth run, the aircraft was not "seen" and must have been well away 
from the beam . When the aircraft passed most nearly overhead , the 9scillograph 
line ftuctuatyd between lengths of one half and one and a quarter inches. The 
maximum .dmge obtained was estimated as being about eight mil~s. 

1 Afr Ministry File S,35290, Minute 2. z Ibid. , Minute 3. 
3 On account of its- historical importance, tbis memorandum is reproduced in full at 

Appendix No. I. ' Air Ministry File S.35290, Encl. 4A. 

3 



The arrangements for the test were not ideal and it was reckoned that 30 times 
'the amplitude could have been obtained with a properly designed fixed receiver 
instead of the one used. The height and spacing of the aerial had not been 
accurately designed and the transmitter power was only 10 kilowatts. To 
obtain good results the wavelength should have been controlled 1n accordance 
with the reflective properties of the aircraft, but for the demonstration the 
wavelength was not under control. l\lr. Watson Watt considered that for much 
of the time during which signals were obtained, the -position of the aircraft off 
its intended track was such that reflection was mainly from the fuselage, for 
which the wavelength used was unsuitable. 

1t will be realised that this trial was not a t est of the method proposed by 
Mr. Watson Watt in his memorandum, since continuous wave and not pulse 
radiation was used; also no range measurements were possible. Rather it was a 
crude demonstration of the fact that an aircraft would reflect radiation to an 

. observable extent, carried out with apparatus readily available but hurriedly 
prepared. 

In his report the Air Ministry representative at the demonstration said, " It 
was demonstrated beyond doubt·that electro-magnetic energy is reflected from 
the metal components of an aircraft's structure and that it can be detected. 
Whether aircraft can be accurately located remains to be shown. No one 
seeing the demonstration could fail to be hopeful of detecting the existence and 
approximate bearing of aircraft at ranges far in excess of those given by the 
200 feet sound mirrors."1 The success of the demonstration was reflected in 
the first report2 of the Committee for Scientific Survey of Air Defence which 
stated, " In the circumstances the result was much beyond expectation." 

Preliminary Investigation Authorised 
' In view of the success which attended this demonstration, the Director of 

Scientific Research advised the Air Member for Research and Development 
thatjt provided, in embryo, a new and potent means of detecting the approach 
of hostile aircraft, one which would be independent of mist, cloud, fog or 
nightfall, and at the same time be vastly more accurate than present methods 
in the information provided and in the distances covered.3 He· pictured the 
existence of a. small number or net work of transmjtting stations which would 
between them fill the entire sky over the eastern and southern part of England, 
using a frequency of probably 6 megacycles per second (50 metres wavelength). 
This radiation would cause every aircraft then in the sky to act as a secondary 
oscillator (whether it wished to or not) and these secondary oscillations would 
be received by a number of local receiving stations (equipped with cathode ray 
oscillographs) dotted around the coast much as acoustical mirrors might have 
been under the older scheme. These receiving stations would thus obtain 
continuous records of bearing and altitude of any aircraft flying in the neighbour­
hood (including those still SO miles out at sea) and would be able to deduce 
course and ground speed. He recommended that there was every justification 
in requesti~g T;95ury authority for the preliminary investigation. 

The Orfordness airfield was suggested as being ideally situated for the 
immediate en.quiry. It was secluded, had unused buildings in good condition 

• Air Ministry File S.35290, Encl. 4A. 
' A summary of the releva1,t sections of this report is given at Appeadix No. 2. 
3 Air Ministry File S.35290, Minute 9. 
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that with litUe expeuditure could be utilised as a radio laboratory, and was 
·within easy flying distance from the Aircraft and Armament Experimental 
Establishment (A. and A.E,E.), at Martlesham. The erection of four 75-feet 
wooden masts and an additional hut would be needed, and apart from local 
telephone lines and a suitable power supply, no further work would be necessary 
to enable Mr. Watson Watt and the National Physical Laboratory staff to 
commence their research. .It was proposed that the programme of work 
should be carried out under the direction of the Director of Scientific Research, 
Air Ministry, in association with Mr. Watson Watt and the Air ·Defence Com­
mittee. 

Treasury sanction to go a.head with the scheme up to an expenditure of 
£12,300 in the first year was obtained.1 This excluded the cost of aircraft 
required for co-operation in the research programme as the necessary services 
were to be obtained from the aircraft at Martlesham and other Service stations 
in the vicinity, flying in the course of their normal duties. Permission was 
sought from the Committee of the Privy Council for Scientific and Industria:l 
Research for Mr. Watson Watt, together with three Scientific Officers and six 
assistants, to be seconded to the Air Ministry for work at Orfordness. The 
Department of Scientific and Industrial Research agreed to arrange for the 
services of the National Physical Laboratory to be made available for the Air 
Council, and for members of the Laboratory to work at Orfordness, but they 
could not agree to seconding members of their staff. This modification was 
accepted by Air Ministry and arrangements were put in hand for the work to 
begin as soon as possible. The Chief of the Air Staff had been advised of the 
plan and wished to be kept informed of the progress m~de in the experiments. 

Choice of Frf!iJUeucy 
A frequency of 6 megacycles per second (SO metres) was chosen for the 

initial experiments, which assumed that the aircraft had a horizontal metal 
component of its structure of the length of the wing span, responsive to the 
horizontal component of the electric field.2 A higher frequency, say 43 mega­
cycles per second (7 metres), would have been an advantage, as for a given 
range of detection a smaller power would be required. On the other hand, 
the pulse technique had been more fully developed for a frequency of 6 mega­
cycles per second (50 metres) and determination of azin1uth angles was difficult 
and inaccurate for a frequency of 43 megacycles per second (7 metres). The 
use of 6 megacycles per second (50 metres) would also secure some degree of 
secrecy, as the signals radiated would be received in foreign countries, and their 
nature and place· of origin determined. It was reasonable to anticipate· that 
foreign powers would assume such signals were associated merely with 
ionospheric research, known to be carried out at the Radio Research Station, 
Slough, and elsewhere. 

Development and First Trials of Equipment 
While preparations at Orfordness were in progress, Mr. Watson Watt and 

his staff at the National Physical Laboratory utilised their time iri planning a 
scheme of wor~e-otaining supplies for a laboratory and workshop, and building 
an experimental transmitter for a frequency of 6 megacycles per second 
(50 metres).3 This transmitter used Naval type N.T. valves and gave a peak 

1 Air Ministry File S.35290, Encl. 34A. 1 C.S.S.A.D. Minute of 6th Meeting. 
3 M.A,P./S.R.l. C.S.S.A.D. Folder No. 11. 
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output equivalent to a 20 kilowatt C.W. station. It sent out SO pulses each 
second, i.e., it had a pulse recurrence frequency or" p.r.f." of 50. An important 
factor in the design of the transmitter . was the provision for specially brief 
pulses much shorter than the 100 to 300 microsecond pulses previously used 
in ionospheric research, the emitted pulse to .be of any desired duration between 
10 and so microseconds.1 The transmitting aerial, consisting of a single 
half-wave dipole between the two transmitting towers, was not erected at 
Orfordness until 31 May, when aerial rigging commenced. 

An ionosphere receiver was also installed and tried out, using batteries in 
the absence of a mains supply. 2 The first echo pulses from the ionosphere 
were received on 29 May, using temporary receiving aerials and power obtained 
from a temporary mains supply laid by the N.P.L. scientists themselves. 3 

Later, a receiving aerial similar to the transmitting aerial was used. At this 
early stage, aerial arrangements for height-finding (i.e., the measurement of 
angle of elevation) had not been provided. 

Work to improve receiving gear was proceeding at the N .P.L. at Teddington. 
The first receiver was unsatisfactory in that it increased by some 100 micro­
seconds the duration of the pulses injected. Two further receivers were 
therefore developed. Experimental work to reduce the effect of an excessively 
strong ground ray, and discussions on technique with computation .,and design 
work, occupied the greater part of their time after the N.P.L. staff had 
transferred to Orfordness. 

A note on discussions with the staff -at Orfordness on 29 and 30 May is of 
interest in its mention of the special difficulties which Mr. Watson Watt and 
his colleagues foresaw in obtaining long-range detection of ' ' hedge-hopping" 
aircraft or of pilotless aircraft at, say, 2,000 feet, and their · desire to go to 
shorter wavelengths to meet these difficulties. The note also contained an 
assurance that the matter of radio detection aids to anti-aircraft gunnery was 
being watched. 

Results of Preliminary Trials to 31 July 1935 
Promising results were obtained from the early practical demonstrations of 

the equipment. One of fbe first tests with an aircraft took place during the 
visit of the Sub-committee for the Scientific Survey of Air Defence on 15 June 
1935, and was made under very unsatisfactory conditions. Not only was 
interference from other signals very heavy but there were thunderstorms in 
the neighbourhood which increased the receiver background noise considerably. 
In spite of this, however, it was possible to see echoes occasionally from the 
test aircraft, a Valencia aircraft flying at 15,000 feet in the most favourable 
direction for the aerials. A curve connecting range and time on the basis of 
the pilot's log was drawn at the conclusion of the test, and it was found that 
the few observed echoes were in good agreement with the log. A further test 
for the Committee was carried· out early the following morning when it was 
thought that the interference would have subsided, but no better results were 
obtained. 

1 Narrator's ·Interview wl tl;I Mr. A . F. Wilkins, 0 ,R.S., H .Q.F.C, 
2 The names of the N .P .L. party of scientists who arrived at Orlordness on 13" May 1935 

to instal th.e technical apparatus a..nd commence development of tb.e technique were 
l\l[essrs. Bainbridge-Bell and A. F. Wilkin~. Dr. E . G. B<?wen (Scientific Officers). Mr. J. E. 
Airey (Assistant 11). Mr. G. A. Willis (Assistant III) . 

3 M.A.P ./S .R.I. C.S.S.A.D. Folder No. 11. 
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On 16 July, a further demonstration was given to the Secretary of the 
Committee, who stated when summarising the results that it " would be 
difficult to exaggerate to the Committee the advance made in this short interva1." 
During the demonstration a Bristol Type 120 aircraft was flown from Orfordness 
to BircJ1am Newton and back; the maximum height reached was 15,000 fcet. 1 

The frequency used was 12 megacycles per second (25 metres). On the outward 
.run, to about 25 miles, the amplification was reduced to give a straight line 
datum, i.e., there was no disturbance from interference or atmospherics. Up 
to this distance of 25 miles the aircraft response was obvious at a mere glance. 
The amplification was then increased and the datum line was disturbed ; the 
aircraft response was, to the " untrained eye " of Mr. Rowe, quite definite until 
a range of 33 miles was reached. Mr. Watson Watt continued to record 
ranges up to 43 miles~ at times which were subsequently confirmed by the 
dead reckoning record. 

On the return run, Mr. Watson Watt detected the aircraft at 38· miles after 
it had been lost for about ten minutes ; the response was obvious to Mr. Rowe 
at about 32 miles. Severe interference from morse signals was occasionally 
experienced, but at ranges less than 25 miles the aircraft response was obvious 
when the amplification was reduced to eliminate the morse signals. Accurate 
ranges were recorded to a minimum distance of 5 miles, below which ranges 
could then not be given with any accuracy. When the Bristol aircraft turned 
so that i t presented its fuselage as a horizontal dipole, no response was observed. 

In addition to the pre-arranged run with the Bristol aircraft, responses ·were 
observed from many other aircraft. On 0ne occasion Mr. Watson Watt 
detected an unknoWn aircraft at 33 tniles; the aircraft decreased its range 
from Orfordness and the characteristic; aircraft response was obvious to Mr. Rowe 
at about 27 miles. 

Performance Figures 
In a report2 on the work at Orfordness up to the end of July 1935, after 

only two months' research, -the following performance figures were given as 
" obtained with a transmitter capable of some improvement, a receiver capable 
of considerable improvement, and an aerial system capable of very great 
improvement'' :-

(a} Maximum range to which a known aircraft has been 
followed . . 42 miles. 

(b) Maximum range at whicl1 a known aircraft has been 
detected 

(c) Maximum range at which an unknown aircraft has 
been detected 

(d) Maximum range at which an unknown formation has 
been detected and diagnosed as a formation .. 

(e) Maximum angle of elevation (neglecting curvature) to 
which a known aircraft has been followed 

39 miles. 

33 miles. 

25 miles. 

0° 40'. 

Owing to interference from commercial radio signals, which was very 
heavy on the 6 megacycl~ per second frequency (50 metres) especially with 
the use of 75 feet masts, experiments were begun on about 11 · 5 megacycles 
per second (26 metres). It was found that this change in frequency also cured 

~ M.A.P./S.R.I. C.S.S.A.D. FoldeT No. 11 . i Air Ministry File S.34763, Encl. 63A. 
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bad interference (Z-echoes). caused by reflection from the middle atmosphere, 
which had been causing signals on the oscillograph on 6 megacycles per second 
frequency ; these spurious signals were usually negligible on the higher 
frequency. This interference was specially noticeable during 18 :f uly when 
two thunderstorm · separated by a few hours passed over Orfordness. During 
observations on 11 ·5 megacycles per second, Z-echoes appeared only while the 
thunderstorm was nearly overhead and disappeared when the storm passed 
away. A change to 6 megacycles per second during the storm showed excep­
tionally intense Z-echoes over the whole region 12 to 100 ki1ometres in height. 

The main transmitter had been improved considerably and ran normally 
at 100 kilowatts rating on the new frequency of 11 ·5 megacycles per second. 
Design of a transmitter of twice this power was in hand and an experimental 
transmitter had been constructed and tested for a frequency of 37 ·5 mega­
cycles per second. Receiver development was in hand under Mr. Bainbridge­
Bell at the N.P.L., and two new wide-band receivers, one for use on 11 ·S mega­
cycles and one for 37 ·S megacycles per · second frequency, were nearing 
completion. The existing receiver had been modified for use on 37 · 5, 11 · 5 and 
6 megacycles per second. 

The following scientists were working the whole time at Orfordness : 
Mr. A. F . Wilkins, on transmitter and receiving aerial development and 
experiments on height measurement; and Dr. E. G. Bowen, on transmitter 
development. 

Short Title for Radio Detection of Aircraft 
The problem of a name for this system of detection of aircraft which would 

not immediately indicate the method of operation was solved by the initials 
"R.D.F.", a compression of the initials "R.D." for Radio Detection and 
"D/F ".1 This was intentionally misleading since, at the time, the problem 
of Direction Finding was receivjng little attention. 

Probable Service Applications of R.D.F. 
From the research work carried out at Orfordness, the following five distinct 

uses for R.D.F. appeared probable :-2 

(a) Long-range detection for the guidance of the R.A.F. interceptor 
fighter aircraft. 

(b) Short-range detection and location, for the use of Army searchlights 
and anti-aircraft guns. 

(c) Long-range detection apparatus for installation on board Naval vessels. 
(d) Short-range detection for guidance of searchlights and anti-aircraft 

guns at Naval dockyards. 
(e) Long-range detection of sea-going vessels for the information of the 

Navy. 

Proposals for Improved Performance 
Mr. Watson Watt, who had been spending some 50 per cent. of his time on 

radio detection development, mainly at Orfordness, stated that it was unlikely 
that any further substantial improvement could be effected on 11 ·5 megacycles 

1 Air Ministry File S.35982~ Minute 4. 2 Ibid., Encl. I A. 
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frequency (26 metres) until higher aerial towers of the order of 200 feet were 
available instead -of the 75-foot masts employed.i It was thought that with 
no changes in the apparatus other than provision of mastheads 250 feet above 
sea-level on which convenient aerial arrays could be carried, an improvement 
of the order of two to one in range and the extension of operations to notably 
lower angles of elevation would be achieved. The. vulnerability to interference 
by other radio signals, wbich was inherent in the 11 · S megacycles per second 
system (on 75-foot masts) could be very greatly reduced, without change of 
frequency, by the provision of the higher masts. Some of these improvements 
were dependent only on height above sea-level, so that high ground was 
advantageous ; some, on the other hand, were dependent on height above the 
ground at the mast-bases. A site for the erection of two 200-foot towers for 
the transmitter at Orfordness was agreed with the Officer Commanding, Aircraft 
a_nd Armament Experimental Establishment, Martlesham Heath, with a 
conditional site for two more to be erected later if necessary, and it was recom­
mended that sanction should be given for the erection of the first two towers. 

It was also the view of Mr. Watson Watt that experience with two receiving 
stations at the ends of a moderate base-line was an urgent necessity before the 
planning of a chain of stations could be attempted, and it was thought that 
a great de.al could be learnt by the use of the receiving station then operating 
at Orfordness, together with a s~parate receiving station some five to ten 
miles away. 1'he need to develop a method whereby one range and one bearing 
could both be obtained from the same receiving site was also apparent. 

There was no site at Orfordness for the suggested additional receiver develop­
ment station but it was known that the coast at Bawdsey about ten miles 
south of Orfordness was SO feet above sea-level. The acquisition of Bawdsey 
Manor at the mouth of the Deben River was suggested for a central radio 
laboratory.2 The estate had some half-mile of SO-foot high coast-Jine and ample 
land and buildings for workshops, laboratories, and would provide living and 
messing facilities for the research staff. 

First Proposals for an R.D.F. Chain 

In a first forecast of the requirements of an R.D.F. network, Mr. Watson Watt 
had stated that it appeared probable that the ultimate network would be 
composed of equally spaced transmitters with receiving stations midway 
between transmitters. The receiving stations would have composite installa­
tions such that with one main long-range array and one direction-finder, two 
ranges and an azimuth would be visible on three dials side by side, without 
interconnection of stations by wire. Indication of angle of elevation would 
be provided on a fourth dial, so that each receiving station would be its own 
" control-room," capable of feeding complete data into the channels of 
~ommunication without any linkage with other stations. 

This forecast was followed by a memorandum by Mr. Watson Watt dated 
9 September 1935, in which the state of development reached ~s set out.3 

This memorandum stated that development had led to the following of metal­
framed aircraft of various wing spans to distances of 90 kilometres on a 
frequency of 11 ·S megacyc1es per second and to detection at distances over 

1 Air Ministry File S.34763, Encl. 63A. 
a Ibid., Encl. 63a. 6 Aug. 1935. 
"Given in Appendix No. 3, taken !J:om M.A.P./S.R.I. C.S.S.A.D. Folder No. 11. 
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60 kilometres, measuring the distance of the craft from the observing station 
with an accuracy of the order of 1 kilometre. Tests had mainly been made 
on aircraft flying above 10,000 feet with a few trials at 7,000 and 5,000 feet 
and one at 1,000 feet. Comparable performances had been obtained on 
frequencies of 6, 10 · 71, 11 · 11 , I 1 · 54 and 12 megacycles per second although 
no success had been attained in a few trials on 37 · 5 megacycles per second. 
Experiments were being carried out on measuring the angles of elevation of 
the aircraft detected. The detection of low-flying aircraft might be obtained 
by additional mast height, and by selecting coastal sites well above sea-level. 
Research had shown that as a conservative estimate of average performance, 
with 75.foot masts, a detection range of 37 miles on aircraft flying at 13,000 feet 
co.uld be expected. 

The memorandum outlined a scheme for a chain of stations with transmitters 
every 20 miles aJong the coast to be defended, with receiving installations at 
each alteriiate station, i.e. , every 40 miles. Each set,- transnutteT and receiver, 
would require two masts, not under 200 feet high, situated on land not less than 
50 feet above sea-level and not more than two miles fro~ the coast. A range 
measurement by the station equipped with both transmitter and receiver 
would serve to fix the aircraft as lying on a certain 'circle surrounding the 
station. By measuring the time.interval between the pulse transmitted by 
one of the neighbouring stations (fitted only with a transmitter) and its 
reflection from the aircraft, the position of the aircraft could be tied down to 
a certain ellipse . Thus a transmitter-receiver station in conjunction with the 
transmitters flanking it could provide a fix on the aircraft. It was proposed 
not to introduce height-finding facilities· to begin with, but the scheme was 
designed to aJlow the introduction of this and other improvements without 
substantial scrapping of equipment. 

A chain of this character, it was stated, should be able to locate accurately 
all aircraft between the coast and the location frontiers, aod co11nt any 
x;easonable number, say of the order of 30 per sector per five minutes. The 
frontiers were unlikely to lie at less than 83 miles for aircraft flying at 
18,000 feet, 50 miles for 5,000 feet, 35 Il}iles for 2,000 feet and 25 miles for 
1,000 feet. These ranges couJd be increased with improved instaJlations, 
but involving a substantial additional cost. The installation proposed could 
locate in plan position only, could not measure flying height, but included 
provision for minimising the effect of interference, especially of deliberate 
jamming. 

The development of R.D.F . had so greatly exceeded the expectations of 
the Air Defence Sub-Committee of the Committee of Imperial Defence which 
had -assumed that a range of detection of 50 miles would not be achieved for 
some five years, that at their fifth meeting it was recommended with the Air 
Council 's ag1:eement that a chain of radio detection stations · covering the 
approaches to the coast from the Tyne to Southampton should now be 
established.1 It was estimated that some twenty stations would be needed 
to ptovide detection and location of enemy aircraft at ranges between 65 and 
5 miles from the coast. It was also recommended that Bawdsey Manor should 
be acquired and established as a centre for research work and headquarters 
for the organisation of a chain of stations. 

1 Air Ministry File S.35982, Encl. 40A and Minute 8 of 16 Sept. 1935. 
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First Air Staff Proposals 

A conference was held on 24 October 1935, 1 with the Deputy Chief of tb.e 
Air Staff in the chair, to discuss such matters as-

(a) the form in which the i!ltelligence should reach the Fighter Group 
Operations Room ; 

(b) manning ; 

(c) technical organisation ; 

(d) Servke trials. 

It was agreed that-

(a) Intelligence should comprise the position and number of the 
aircraft as a bearing and distance over the sea, with height to 
within 2,000 feet at extreme range, but with increasing accuracy to 
a limit of about 500 feet at the coast. Observations should be 
plotted at the R.D.F. station .and telephoned at minute intervals to 
the appropriate Fighter Group Operations Room. 

(b) . Manning of the transmitter stations was to be undertaken by Wireless 
personnel from the nearest R.A.F. Station, the maintenance of the 
R.D.F. transmitter being regarded as part of the responsibility of 
the Station W/T personnel as a whole. Each receiving station 
would require four Oscillograph Operators plus one for relief fQf 
leave and sickness. These men would have to be specially trained, 
which would take initially a minimum of three months, with a 
further thirty days training annually, the operators being provided 
as the stations were constructed. 

(c) The Service control of the R.D.F. organisation should be under the 
Signals Staff at Fighter Command Headquarters, and it was 
considered unnecessary to have officers in command of R.D.F. 
stations or groups of stations. It was thought that no advantage 
would be gained by linking the Obs·erver Corps with th.e R.D.F. 
system. 

(d) A scheme to cover the coast approximately between Southwold and 
the South Foreland should be worked out as early as possible to 
provide for training facilities and for Service trials to be carried out. 

In November 1935, an ambitious programme was proposed by the Air 
Staff for seven stations to be available for operations with the Service in August 
l936, and for the first three stations to be in operation by June 1936.2 To 
achieve this programme, it was necessary that the Air Ministry should ensure 
within nine months, the selection of sites, the erection of 250-foot masts at 
each of the receiving and transmitter stations, the design and erection of 
suitable buildings to house the transmitter and receiving sets, and the supply 
of power from the grid system. The Department of Scientific and Industrial 
Res~arch was to provide the radio apparatus on repayment, and the G.P.O.' 
was to take the necessary action for providing line communications bet ween 
the stations and a headquarters from which the Air Intelligence would be 
supplied to Fighter Command Operations Rooms. It was proposed that 

1 Air Ministry File S.35982, Encl. 27 A. 

• 1/nd., Encl. 33A and Minute 33, 15 Nov. 1935. 

11 



civilian personnel would operate the stations for the exercises which were to 
be held in August 1936, but that, if possible, Service personnel should commence 
training before that date. 

The seven stations required by the Air Staff were to be in the neighbourhood 
of Dunwich, Bawdsey, Clacton-on-Sea, Shoeburyness, Birchington, South 
Foreland, and Dungeness, but due to the heavy works service involved it was­
decided to concentrate on five stations only, omi.tting Dunwich and Dungeness. 1 

The Air Council were so impressed with the scheme that in their letter to tbe 
Treasury asking for financial approval, they stated that they had suspended 
construction of the Acoustic Mirrors for Sound Location. By the end of 
1935, Treasury sanction had been received.2 

1 Air Ministry File S.35982, Encl. 33A a.nd Minute 37 of November 1935, 
• lb·id ,, Encl. 42A and Mi□ute 46. 
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CHAPTER 2 

EARLY RESEARCJ-1 ON R.D.F., 1936 -1937 

The result of the recommendation of the Air Defence Research Sub-Committee 
of the Committee of Imperial Defence to acquire Bawdsey Manor as a centre 
for research work and headquarters for the organisation of a chain of R.D.F. 
stations, was that Ai.r Ministry obtained Treasury sanction for tbe purchase of 
the estate.i The necessary buildings for research work were approved, together 
with accommodation and masts to establish Bawdsey as one of the chain of 
~.D.F. Stations.2 Provision was made in the 1936 Air Estimates for the 
establishment of a scientific staff at Bawdsey comprising ten Scientific Officers 
and some twenty-six assistants, and arrangements were made between Afr 
Ministry and the Department of Scientific and Industrial Research for sHtff of 
the National Physical Laboratory to be transferred to the Bawdsey Establish­
ment.3 Among the Scientific Officers were Mr. A. F. Wilkins and Dr. E. G. Bowen. 

Admiralty and War Office Liaison at Bawdsey 
The Admiralty appointed a scientific officer, Dr. A. B. Wood, for liaison duties 

with H.M. Signals School, Portsmouth, and. it was agreed that the staff of the 
Bawdsey EstabJjshment should act in an advisory capacity in connection with 
research at the Signals School.4 In February 1936, the War Office asked 
permission for Dr. E. T . Paris of the Air Defence Experimental Establishment, 
Biggin Jiill, to visit Bawdsey to investigate the development in short-range 
location of aircraft suitable for use with searchlights and guns, with a view to 
the Army Council nominating a small staff of scientific officers to work in 
conjunction with the Air Ministry staff and under the supervision of Mr. Watson · 
Watt on this line of research.:; T his request was readily agreed, and eventually 
staff from the War Department were appointed to Bawdsey under Dr. Paris. 

Transfer of Mr. Watson Watt from the Deparhnent of Scientific and lndmtrial 
· Research to Air Ministry (1 August 1936) 

The second interim report of the Committee for the Scientific Survey of Air 
Defence recomm~nded the transfer to the Air Ministry of Mr. Watson Watt 
from the Department of Scientific and Industrial Research, where he had 
served since ]921 and, since 1933 as Superintendent of the Radio Department 
of the National Physical Laboratory. 6 The Chief of the Air Staff considered 
Mr. Watson Watt should be employed as Superintenden t of Bawdsey Research 
Station as a whole-time Air Ministry official. A meeting was arranged between 
Mr. Watson Watt and a Principal Assistant Secretary of the Air Ministry 
{Mr. J. A. Webster) at which the proposed conditions of Mr. Watson Watt's 
employment were explained :- · 

" To be in charge as Superintendent of radio detection work at Bawdsey 
Manor ; to advise the Air Staff on detection and location work (including 
the transmission of the results) in connection with all schemes of defence ; 
·a.nd to conduct research and technical development thereon as may be 
required."7 

1 Air t-4i.oistry File S.35982, Encl. 40A. • Air Ministry FUe S ,361120, Encl. 57 A, 
3 Air Ministry File S.36728. Encl. 25A. 4 Air Ministry File S.37506, Encl. 1 A . 

$ Air Ministry Fite S.37518, Encl. I A. 6 Air Ministry File S.37745, Encl. lA. 
' find., Minute 8. 
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His position in the Air Ministry organisation was to be :-

" In all matters of research and technical development he would be 
under the Directorate of Scientific Research and Technical Development ; 
and that, in so far as detection and location work in connection with Air' 
Force defence schemes were concerned, his position would be that of an 
Adviser of the Air Staff and Signals on these matters." 

Mr. Watson Watt thought the proposed organisation took too restricted a 
view of the magnitude and importance of the work and its urgency which, he 
felt, indicated the desirability of setting up a separate research system under a 
Director independent of the present joint directorate, for which he suggested 
the title of Director of Investigations on Commw1ications,1 with the following 
duties :-

(a) The special study of the whole of the problems involved in : 
(i) the detection and location of approaching enemy aircraft ; 
(ii) the most rapid determination of positional data for: suGh craft ; 

(iii) communication of data to Fighter Command and other units as 
required; , 

(iv) expeditious plotting by automatic or semi-automatic means ; 
(v) communication to fighters and other aircraft and provision in 

such aircraft of means for direct detection at short range to 
facilitate interceptions without in tervention of a grmrnd 
organisation. 

(b) The inception, direction and direct conduct of research, technical 
development , and initial _produc tion and instaUation work required 
for the attainment of the ends indicated under (a) above. 

{c) Initial arrangements for the training organisation to be developed. 

(d) Maintenance of the special contacts required with other defence and 
civil departments. 

(e) Duties of principal ad'viser to the Air Staff on all problems concerning 
this branch of home defence. 

The Bawdsey Resea.r:cb Station he regarded as only incidental to these functions, 
and the tenure of its superintendentship by the Dlrector as only incidental 
and temporary. 

The Secretary of State for Air held.the view that Mr. Watson Watt had made 
a most ingenious and valuable discovery which could be of the greatest possible 
value in enabling interceptor aircraft to deal efiectively with enemy attack, and 
that Mr. Watson Watt should devote himself to this vital work by pursuing 
this discovery continuously and energetically.2 He thought that although 
Mr. Watson Watt should have the closest li aison with the communications 
authorities at the Air Ministry and Post Office and, to ,a less degree, with the 
War Office in regard to their air defence duties, his primary place of duty should 
be at Bawdsey rather than in the Air Ministry. Following a discussion between 
the Secretary of tate for Air, the Air Member for Research and Development, the 
Director of Scientific and Industrial Research, Mr. Tizard and Mr. Watson Watt, 
it was agreed that the latter should be transferred to the Air Ministry and take up 
an appointment on the staff of the Directorate of Scientific Research as 

1 Air Ministry File S.37745, Encl. HA. l Ibid., Minute i'7. 
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Superintendent of Bawdsey Research Station, and to advise Air Staff on 
detection and location, including the transmission of R.D.F. information. 
The appointment took effect on I August 1936. 

Plans for the First Five-Station Clhain (1936) 
It will be recalled that the ultimate needs of any scheme for locating aircraft 

approaching the coast are the continuous measurements of range, bearing, 
height and number of aircraft over the greatest practicable range of approach. 
As investigations and experiments progressed, it grew clear that the maximum 
range of locafion was largely governed by mast height; that height could be 
obtained by using a special aerial system, as outlined in the original proposals, 
that the bearing of an aircraft could probably be measured by a suitable aerial 
system and that some idea of number could be obtained. It also became evident 
that interference from ground radio stations could largely be eliminated by 
employing special aerial arrays. A particularly attractive forecast of ultimate 
performance was that range, bearing and height could be obtained from one 
locating station, provided that aircraft were within the zone of detection. 

The first three stations planned to be erected by June 1936 were a transmitting 
station at Orfordness (using the research equipment already installed, but with 
the addition of two 250-foot guyed masts, erection of which was in progress), 
a transmitting- receiving station at Bawdsey Research Station, and a trans­
mitting station at Great Bromley. The five stations envisaged for the service 
trials in August were Bawdsey, Canewdon, and Dover as transmitting and 
receiving stations (each requiring one 240-foot tower for the transmitting 
aerial, and two such towers spaced by 500 feet for carrying the receiving aerials 
and height measuring systems), and Great Bromley and Dunkirk as transmitting 
stations only (needing one tower each).1 The Canewdon site was approximately 
four miles north-east of Southend-on-Sea Municipal Airfield. The site at Dover 
was approximately half a mile· north of Swingate Airfield and stood 400 feet 
above sea level. The Dunkirk site was midway between Faversham and 
Canterbury. These stations would work on 011e frequency only, 11 · 54 megacycles 
per sec;:ond (26 metres) and report information to the headquarters where the 
reports would be sifted and the mean aircraft plot communicated to Head­
quarters, Air Defence of Great Britain, by landline. Each station would require 
technical buildings to house the apparatus, the transmitter hut being situated 
as near the transmitting tower as possible and the receiver hut midway between 
the two receiver aerial towers. The huts were to be separated by 500 feet. 

It was expected that the erection of the 250-foot towers would be completed 
by May, ready for the aerial arrays to be installed, but by the middle of May it 
was seen that the contract dates could not be met. 2 The contractors were 
therefore instructed to concentrate on the transmitter and receiver towers at 
Bawdsey, Canewdon and Dover, and defer work on Great Bromley and Dunkirk 
until after the annual Royal Air Force air exercises had taken place. In July, 
o·nly the first Bawdsey tower was in a state to permit of aerial installation. For 
those at Canewdon and Dover, it was now felt that they could not be finished 
before the end of September. On receiving this information, the Air Staff 
decided that the air exercises with the Royal Air Force to take place in 
September should be planned utilising only the one transmitting tower together 
with the 250-foot mast at Bawdsey. This respite allowed the scientific staff at 

1 Air l\jinistry File S.37186, Encl. 27A and Minute 6. 
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Bawdsey to introduce modifications in the construction of the towers still to be 
completed. (It was essential to reduce backward radiation so that the plotting 
of aircraft over the sea should not be confused by responses from aircraft flying 
behind the station.) Owing to the need for a higher degree in accuracy of 
spacing of the reflector curtain from the energised curtain in the transmitter 
array it was found necessary to provide means for setting the spacing to any 
value between 20 and 23 feet so as to minimise the echoes from backwards 
radiation. It was suggested that the simplest method of meeting this require­
ment was to carry each aerial on a cradle which would run on horizontal 
extension arms at the appropriate levels, subject to the strength of the towers 
being adequate for this added loading.1 The actual rigging, and setting in place 
of aerials and cradles was to be undertaken by the Bawdsey Research Staff, 
the supports being fixed by the contractors. 

Research dlil'ing l936 
Both Bawdsey and Orfordness were being used for research purposes until 

1937. Two hundred and fifty foot guyed masts were erected at each place with 
the anticipated jncrease in range. Measurements of bearing and of l1eight were 
made, but little progress could be made with height-finding until additional 
towers were available. Tests were made with formations of up to six aircraft, 
and it was found possible to deduce that one, two, three or more than three 
aircraft were being observed. This " counting " of the numbers of aircraft in a 
formation from the nature of the response seen on the cathode ray tube was a 
most important practical discovery. It ultimately enabled Controllers at the 
Operations Room during the War to decide on the size of the defending fighter 
force which had to be dispatched to meet an incoming hostile attack. 

Direction Finding 

The question of Direction Finding and the method of overcoming this 
problem has been described by Mr. A. F. Wilkins:-

" However bold migHt now seem to be the decision to start work on this 
chain at a stage when ambiguity in pin-pointing was inevitable,2 the 
anticipated troubles never bad to be faced, as revolutionary development 
occurred towards the end of 1935. The need for some system of direction­
finding had been obvious right from the beginning, and p rovision had, in 
fact, been made at Orfordness for a hut (kno~ as " Y " Hut) in which 
research was to be performed. I cannot remember any proposals other than 
nebulous ones as to how D /F was to be done, until on arriving at Orfordness 
for one of his regular week-end visits, Mr. Watson Watt announced his 
proposals for the use of crossed hori20ntal hal!wave aer~als as the solution 
of the D/F problem. He had thought of this scheme on the way to Orford 
that day." 

Investigation into the accuracy of D irection Finding was conducted at 
Bawdsey, using a single pair of crossed dipoles at 250 feet with the 0rfordness 
transmitter.3 A design for a full D/F array system was completed, the accuracy 
of which was found to be adequate. The whole aerial array required at a 

1 Air Ministry File S.37186, Encl. 65A. 
a This ambiguity in establishing the location of an aircraft from a knowledge of its ranges 

from two o.r more stations was caused by the fact that the range position lines intersected 
at two points at least, only one of which was the true position ol the aircraft. 

• Bawdsey Research Station File B.R.S, 4/4, Encl. 21A, Dec. 1936, 
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receiving station to give bearing, range and height of an aircraft, could be 
<;arried on two wooden towers not less than 240 feet high, the transmitting 
station having one similar tower. After th~ initial difficulties of direction­
finding were overcome, the original proposal for obtaining fixes by using the 
re-radiated impulses from the adjacent transmitters at the receiving station 
was dispensed with, and each station became·. both a transmitter and receiver. 
Accordingly, Great Bromley and Dunkirk (transmitting stations) required 
two extra masts. With the extra masts, each individual station in the chain 
would be independently capable of locating aircraft in height, bearing and 
range.1 This would thereby increase the effective concentration of stations 
along the East coast, with better results in locating and following low-flying 
raids, owing to the smaller spacing between stations and the faster determination. 
of the plan position of the aircraft by the observers. 

Research and development continued rapidly. The number of frequencies 
used was increased and new apparatus designed.. Work was. proceeding on 
frequencies between 75 and 11 ·5 megacycles per second (4- 26 metres wave­
length). It was anticipated that mobile gear would be needed for the Service, 
and work was put in hand on the higher !requeocies. A requirement for short­
range location in aircraft had arisen and experiments were continued on the 
75 megacycles frequency-band.2 Little success was achieved using this 
frequency for detection from tbe ground, although Mr. Dewhurst made a, long 
d istance detection record by being the first to record a range of over 63 miles 
using this frequency. He was, however, unable to repeat the performance . . 
1t was felt that the ultimate need for a set which could be installed, in Service 
aircraft would require a frequency of 300 megacycles per second (1 metre 
wavelength) and Dr. E. G. Bowen was put in charge of this research. Improve­
ment o-f range was looked for in a better utilisation of energy in the transmitter, 
and in a reduction of receiver noise background by a re-design of the receiver 
on a frequency of 11 · S megacycles per second (26 metres) and an increase in 
gain of the 75 megacycles frequency-band receiver. The need for a utomatically 
communicating the information obtained from R.D.F. stations with no 
unavoidable delay to the Fighter Headquarters produced a ' 1 polar co-ordinate'" 
repeater for use over telephone lines. This repeater utilised a screen on a 
cathode ray oscillograph tube, on which a spot appeared showing plan position . 
of a formation on a grid. 

First R.D.F . .Ak Exercise, 1936 
The original plan for the 1936 exercises comprised a preliminary test in May, 

-and then full-scale exercises with the Royal Air Force from 31 August to 
11 September.3 These trials were to be the responsibility of Headquarters, 
Air Defence of Great Britain (which was re-formed as Headquarters, Fighter 
Command, at Bentley Priory, Stanmore, on 14 July 1936, under the 
command of Sir Hugh Dowding). Aircraft capable of operating 100 miles 
from the coast were to be loaned from Coastal Command. Single aircraft and 
formations of up to nine aircraft were to carry out a series of approaches at 
different heights over the East Anglian coast. However, .owing to delays, 
mainly in the erection of the 240-foot towers , the date of the exercises was 
postponed to October and then November. Only a small-scale test was 

1 Air Ministry File S.35982, Minute 66. 
2 Air Ministry File S.37929, Encls. 7A and 13B. 
8 Air Ministry File S.37364 gives all details of the first R.D.F. Air Exercise. 
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actually carried out in September, with aircraft supplied by Coastal Command 
-Anson aircraft from Manston and flying boats from Felixstowe. The R.D.F. 
apparatus at Bawdsey Research Station had one 250-foot mast and later one 
unfinished 240-foot tower for transmission, with the receiving aerials on the 
completed 240-foot tower. Range and bearing but not height measurements 
could be made. An Operations Room was improvised at Headquarters, 
Coastal Command, on the lines of the No. 11 Fighter Group Operations Room 
at Uxbridge, and by means of direct tie lines from Uxbridge the plots reported 
by Bawdsey were simnltaneously reproduced in each Operations Room. 

Seven flights were planned, six by day and one by night, and involved 
six to sixteen aircraft operating singly or in formations at a true air speed of 
95 knots. The first flight serial, consisting of a formation of nine flying-boats 
flying at 10,000 feet and followed ten minutes later by a single Anson aircraft 
to make good the same track at the same height, took place on the morning 
of 17 September 1936. The reports from Bawdsey were irregular and not 
forthcoming until the aircraft were within 30 miles of the English coast. The 
positions given were very inaccurate and d id not include bearing. On 
18 September, two further flights were carried out consisting of a formation of 
six flying-boats, a formation of three Anson aircraft and one Anson flying at 
10,000 feet. The reports from Bawdsey were very few and far between arid 
the information was vague and for the most part inaccurate. Flight serial 
No. 3 in the afternoon of 18 September, consisted of four flying-boats and 
six Anson aircraft acting independently. The flying-boats flew at heights 
varyip.g between 5,000 and 7,000 feet and the Ansons between 7,500 and 
10,000 feet. A considerable amount of low cloud upset tbe flyjng programme, 
causing some of the aircraft to return without completing their runs. The 
infonnation received from Bawdsey was almost negligible, and useless from 
an operational point of view. 

The Air Officer Commanding-in-Chief, Coasta l Command,. decicled to visit 
Bawdsey on 21 September, and further flights were postponed until after 
this visit was made. As a result it was decided to cancel further flight serials 
and substitute three simple flights by approximately six flying-boats flying in 
formation at a height of not less than 5,000 feet. Advantage of the flying on 
22 September was taken by the Bawdsey staff for recalibrating their 
apparatus, and positions of aircraft were not reported by them. On 
23 September a formation of five flying-boats flew on a track Felixstowe­
North Hinder Light Vessel- Felixstowe at a height of 8,000 feet. The quality 
and frequency of the information suppJied by Bawdsey showed a marked 
improvement on the previous results. Ninety reports were made in 90 minute~ 
and the information supplied was far more comprehensive, the flight being 
followed with reasonable accuracy during the outward journey. However, on 
the homeward journey the ranges given in the reports indicated that Bawdsey 
had become confused between the two_ returning flights of aircraft. 

On 24 September, a format ion of five flying-boats was ordered to fly 
Felix~towe-Kentish 1<nock Light Vessel- West Hinder Light Vessel-Felixstowe 
at a height of 8,000 feet. During the outward flight the information given by 
Bawdsey was accurate to 3-6 degrees in bearing and 5 miles in range : aircraft 
on the outward tracks were followed up to a range of 45 miles, beyond which 
distance the errors increased rapidly. On the inward track the formation was 
picked up at an extreme range of 40 miles and followed homeward to a distance 
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of 12 miles, when the errors in bearing increased from plus 5 degrees north to 
plus 16 degrees north. The information received in the reports varied from 
one to more than four aircraft. The range was always given but the bearings 
were sometimes missed. 

The First Air Exercises SWWDarised 

·. Tbe tests were summarised by Headquarters, Coastal Command, who pointed 
out that it was not until after Bawdsey had recalibrated their apparatus on 
22 September, that even reasonably accurate results were forthcoming.1 The 
progress made aiter the recalibration could be gauged by a comparison between 
the number of reports received on 18 and 24 September. On 24 September, 
l24 reports were given in ll S minutes as opposed to n ine reports in 60 minutes 
on the l8th. There was a tendency for '' loose " bearings and ranges to be 
given. It was suggested that the increased accuracy of the plot received at 
No. 11 Fighter Group Operations Room may have been due to Bawdsey passing 
the bearing and distances by direct speech instead of usjng the more elaborate . 
and somewhat untried cathode ray tube method. The report concluded : 
" While the results achieved are somewhat disappointing it is understood that 
unexpected difficulties were encountered with certain new equipment at 
Bawdsey. The Air Officer Commanding-in-Chief, Coastal Command, is very 
anxious that a further exercise of a similar nature sbouJd be held as soon as 
·the new equipment is functioning properly. Until this ex.ercise is held he 
considered that no attempt should be made to carry out t he more ambitious 
programme originally envisaged for November. " The Deputy Chief of the 
Air Staff, commenting on the trials, stated that their object was to enable the 
Air Staff to satisfy themselves that the system was sufficiently sound to justify 
its adoption on a more extensive sc1µe. It had soon become obvious that the 
programme of flights originally devised was much too ambitious. One of the 
difficulties was apparently that the programme of construction of Hie R.D.F. 
stations concerned was very late and that there had been insufficient time for 
proper calibration. He did not think that the analysis of the results of the 
exercises should be regarded as representative of what the system could achieve. 
The Air Staff were proposing to repeat the trials as soon as the apparatus was 
ready and it was l1oped that the results would then be ll}Ore satisfactory. In 
the meantime, they were not yet in a position to say/that the system had 
proved itself in practice. ·· 

With this conclusion the Chief of the Air Staff disagreed, expressing the view 
that the R.D.F. system wa.s already proved.2 H e reaJised front a visit to 
Bawdsey in October that the apparatus and the personnel were not really ready 
for the experiment in September. The apparatus used included a new trans­
mitter of a design which had not been thoroughly tried before the commencement 
of the trials, also one of earlier design. Further, it was found necessary to 
stop transmission from the ISO-foot mast and instal hurriedly erected aerials 
on an unfinished 240-foot tower. At one time men were found working on the 
towers while the apparatus was being operated. 

Measures following the First A.it Exercise 

As a result of a general ruscussion during a visit to Bawdscy by Professor 
E. V. Appleton after the September trials, it was decided by the Committ~ 

1 Air Ministry File S.37364, Encl. 8GB. 0 ibid. , Minute 94. 
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that work should be concentrated at that Establishment for the purpose of 
obtaining consistently satisfactory results, including height measurement on 
a frequency of 11 · 5 megacycles per second, with the three self-supporting 
towers.i This involved the postponement of trials using Bawdsey, Canewdon 
and Dover, until the S(>ring of 1937. It was considered tha.t insufficient 
attention had been paid to the engineering aspect up to that time, and Colonel 
A. G. Lee, Engineer-in-Chief of the G.P.O., visited Bawdsey to investigate 
what facilities the Post Office could offer. A G.P.O. Engineer, Mr. E. J. C. 
Dixon, was seconded to Bawdsey to co-operate with the scientific staff. It 
was agreed that in future experiments in the presentation of R.D.F. information 
by a cathode ray tube, data should not be relayed to Uxbridge, but that records 
should be transmitted to a point some 30 miles distant and back again in ·order 
that errors in the system could be examined before its introduction to Service 
users an'd until actual Air Staff requirements were known. 

The revival of an early suggestion that a form of " Radio Searchlight " 2 

might possibly be used to follow aircraft at relatively close ranges (after 
location at longer range by the Chain stations) had prompted research using 
a frequency of 75 megacycles per second (4 metres wavelength), employing a 
mechanically-swung beam. T he G.P.O. Engineering Department now under­
took to assist with the design of the mechanical equipment. (In the earlier 
discussions, Mr. Watson Watt had said in October that "he was loath to 
substitute the operational difficulties of radio beam technique for the simplicity 
afforded by floodlighting." He suggested that the situation should be reviewed • 
when a II floodlighting" scheme had been provided for the Service.)9 

Attac~ent of Service Personnel for R.D.F. Duties 

The progress made with radio detection caused the Director of Signals to 
send a minute to the Air Member for Personnel with proposals for the training 
of Service personnel and the attachment of a Royal Air Force officer as 
Commandant of R.D.F. training. 4 Squadron Leader R. G. Hart, attached £or 
Signals duties to Headquarters, No. 11 Group, was selected, and his duties in 
addition to training, included liaison with the Royal Air Force for adminis­
tration and operation of R.D.F. Stations. This latter responsibility involved 
the development of ti:).e operational system for the applied use of R.D.F. in 
Home Defence. It was planned to train initially thirty airmen and thirty 
civilians at a school to be formed at the Dover R.D.F. Station. It was 
estimated that the course would last three to four months, after whi.ch time it 
would be possible to man stations as they were erected, and thus obtain 
experience of R.D.F. plotting without recourse to scientific staff at Bawdsey 
or the utilisation of Bawdsey Research Station. It had been found that 
Service trials and demonstrations had on occasions seriously held up development 
work. 

Squadron Leader Hart visited the existing five station sites in December 
1936, for the purpose of choosing the most suitable for the Training Centre, 
and a recommendation was made that buildings should be made available 

1 Minutes of C.S.S.A.D. 2 Lst Meeting, M_inute 137. 
~ It is convenient to use in a radio sense terms normally applied to visible light such as · 

illumination, floodlighting, searchlight, telescope, etc.; this will be done without comment 
except where ambiguity is possible. 

11 Narrator's interview with Mr. R. A. Watson Watt. 
• Air Ministry File S.39100, Encl. IA. 
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at Bawdsey for accommodation, training, and messing of personnel.1 Grounds 
for this decision were that more ''casual" flying would be proceeding in the 
Bawdsey district, and closer co-operation obtained with the Research 
Establishment. In his memorandum, Squadron Leader Hart suggested the 
following establishment for a single watch:-

(a) One supervisor trained technically, of N.C.O. Wireless Operator 
Mechanic standard. 

(b) One Mechanic of experienced L.A.C. Wireles.s Operator Mechanic 
standard to operate the transmitter. 

(c) Two observers, of L.A.C. Wireless Operator standard to change duties 
every hour. 

On the above basis the staff required for a 24-hour watch. would be twelve 
(three .C.O.s, W.O.M., three W.O.M.s and six Wireless Operators) all of whom 
would have to undergo special training in the use oi R.D.F. apparatus. He 
suggested that s1:1pervisors and mechanics required the same course, but that 
observers could have a less extensive course and could complete their training 
at operational stations where they could obtain practice in observation on actual 
aircraft. On the assumption that four stations would be completed during 
1937 this would necessitate the training of forty-eight aimien, 

Bawdsey Research Pr1>gramme for 1937 
The Bawdsey research programme for 1937 contained the following items 

of first priority :-
Multiple waveband system for reduction of jamming. 
Attainment of maximum radiated power in desired directions. 
Improvement of accuracy in height determination at all ranges . 
Improvement in accuracy of plan and height determination at ranges 

over 50 miles. 
Synchronous working systems for a number of stations. 
Communication systems to carry R.D.F. data to Fighter Headquarters. 
Production of transportable ground installations for inland location by 

R.D.F. methods. 
Less important items for research were :-

Mitigation of jamming by means other than wavelength change. 
Improvement of accuracy in direction-finding in azimuth at short 

ranges.2 

_During 1936 development had been progressing at Bawdsey on the 
23 megacycles frequency (13 metres wavelength), and after the September 
tria1s it was decided that the chain frequency should be established on 23 
instead of 11 · 5 megacycles per second.3 The advantages of the shorter wave­
length of 13 metres were :-

(a) less interference lrom the ionosphere ; 
(b) better coverage for a given mast height. (Heights were limited by 

mechanical and economic factors) ; 
(c) less liability to jamming. 

1 Air Ministry File S.39100, Encl. 25A. 
' • Bawdsey Research Station File B.R.S. 4/4, Encl. 22A. 

3 Air Ministry File S.37929, Encl. 13a. 
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Height Fiuding 

At this stage the first really practical' heigbt-nnding system :was introduced: 
The method normally employed by the Radio Research Station, and which 
was .suggested by Mr. Watson Watt in his original proposals, made use of two 
horizontal dipoles some distance apart. The angle of elevation (and hence 
height) was determined by comparing 'the phase of the received signals in the 
two aerials. This system was very sensitive to changes in the bearing of 
aircraft and as there was no accurate system for detemrin.ing azimuth in the 
early sta-ges, trials were confined to determini ng elevation on aircraft flying 
on a p,eviously-knoWJJ beating. Mr. Dewhurst, who was conducting the 
research on 23 megacycles, thM tried a weJi-established system in which the 
signals from two horizontal dipoles at different heights up a mast were 
compared. The· comparison was one of ampJitude and not phase, so that th~ 
height-finding was independent of bearing. In practice, owing to inequalitie$ 
in tl:ie aerial and surrounding ground there was some slight dependence on 
bearing. Even at a, later date when reasonably accurate bearings coµld be 
obtained, it was this second method of height-finding which was_ generally 
used . The problem of sense-11.nding was solved by Mr. A. F. Wilkins, who 
emp1oyed switched reflectors behind the dipole aerials. The satisfacto~y 
solution of the problems of height-finding and sense-finding mark a notable 
step forward in the progress of R.D.F. 

Bawd.scy Air Estimates 19371 

The Air Estimates for 1937 were considerably increased and covered 
extensions in the laboratory accommodation at Bawdsey, and an increase in 
the scientifi~ staff, which Mr. Watson Watt estimated would total 8l by the 
end of the year. These additions could re inforce the existing groups, who 
would have additional work as a re~ult of design and _development activities, 
and permit the formation ,of new groups to include work on ;-

Cathode-ray direction-finding. 
A.A. gun and searchlight control (War Office). 
Jamming methods (including means for the mitigation or avoidance of 

jamming). 
Identification of friendly aircraft. 
Homing devices for defensive aircraft. 

The estimates for wireless and electrical equipment alone amounted to £59,000, 
of which £12,000 was i:n respect of equipment for completing the four R.D.F: 
stations already under construction, viz., Great Bromley, Canewdon, Dunkirk 
and Dover. In presenting the est imates, the Director of Scientific Research 
stated:-

" The technical advances recently made and the preliminary results 
of the Service Exercises make it clear t hat the future application of this 
research work on a large scale is virtually certain, and although big strides 
have been made in recent months, there rema.in a great many directions 
in which the technique ·will have to be improved and applied to special 
purposes." 

1 These estimates are given in detail in Air Ministry File S.39070. 
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R.D.F. announced to Chief Signals Officers 
On 19 May 1937, Mr. Watson Watt gave a lecture on R.D.F. to the_ Chief 

Signals Officers of Coastal, Bomber and Fighter Commands apd No. 11 Fighter 
Group. This was the fust official disclosure of the subject to personnel of 
the Royal Air Force outside Air Staff and tbose directly concerned with its 
development for Service use under Squadron Leader Hart.1 By July 1937 it 
was agreed that the Directorate of Signals should have direct contact with 
members of the Bawdsey Research Station on the following matters concerning 
the installation of the R.D.F. scheme2 : - · 

(a) R.D.F. Policy. 
(b) Operational matters relating to R.D.F. 
(c) Manning of R.D.F. Stations for use by the Service. 
(d) Training of Service personnel . 
(e) Communications as they affect the R.D.F. System. 

(/) Administrative m.atters connected witb Service Stations. 

The 1937 Service Trial.s 
Further air exercises were held from 19 to 30 April 1937, the organisation 

for the trials being similar to that for 1936. Their putpose was to determine 
the value to the Royal Air Force of R.D.F. in its present stage of development.3 

( t was the view of the Director of Scientific Research that th.e apparatus should 
obtain plan position by reference to map squares, and height of raiding aircraft, 

.with some indication of the number of raiders. The R.D.F. information was 
t<> be transm..itted by telephone to Uxbridge and Headquarters, No. 16 Group, 
Lee-on-Solent, and would subsequently be compared with the position of 
aircraft obtained by dead reckoning and D.F. The Commands were asked to 
suggest in their reports " the direction in which efforts should be made to 
improve performance from the user's point of view." The Air Officer 
Commanding-in-Chief, Fighter Command, raised the question of identifying 
aircraft as hostile or friendly, and it was arranged thi.s should·be attempted by 
friendly aircraft malting a code recognition signal at a -fixed distance of 
30 miles from the area. It was anticipated that the resulting increase of 
signals traffic WOltld not interfere with the main purpose of the Exercise. The 
Air Officer Commanding-in-Chief, Coastal Command, asked for the prohibition 
from the observed area of aircraft not engaged in the trials, and all Units Were 
advised of this restriction ; it was deemed neither practicable nor desirable 
to ban civil aircraft from the prohibited area. 

Resu]t'i of the 1937 R.D.F. Service Trials. Report bJ Air Officer Commanding, 
o. 16 Group, Coastal Command4 

(a) Ra.tige.- Most of the aircraft operating in the Observed Area were reported 
by R.D.F. with good accuracy for ranges- up to 80 miles (the maximum range 
tested), except when an aircraft was masked by a stronger echo from another 
aircraft about the same distance from Bawdsey. The reason that some of the 
flights were not reported at all by Bawdsey m~ght be that the operator could 
not observe more than one group of aircraft at a time. 

1 Air Ministry File S.40493, Encl. 26A. 2 Air Ministry File S.41234, Encl. l 7 /\ , 
3 Air Min istry File S.40260 b-as fuU details of the 1937 Trials. · 
~ Air Ministry File S.40260, Encl. 39c. 
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(b) Bearing.-The R.D.F. accuracy for bearing was not so good as for range, 
but gave useful indication of aircraft positions. 

· (c) Height.-The accuracy .with which height was reported by R.D.F. was 
good above 8,000 feet, deteriorated as the height decreased, and was 
unreliable at heights below 5,000 feet. 

(d) Composition.-R.D.F. reports of the number of aircraft in a formation 
were unreliable. During the approach of a raid it was very difficult to form 
an accurate opinion, from the R.D .F. reports received, of the number and 
dispositions of the forces taking part. The R.D.F. plots received from Bawdsey 
after the end of the Exercise, did however indicate this information to some 
extent by joining the points attributed by them to one aircraft or groups of 
aircraft. This information was not available to the Operations Room during 
the time that flights were being made, and as will be seen from the results, was 
not always right. 

R.D.F. Accuracy 

An interesting incident from the detailed analysis supplied by Headquarters, 
No. 16 Group, instances R.D.F . accuracy provided by the record of the flight 
of a flying-boat on 27 April when it left Felixstowe at 1125 hours on a course 
Kentish Knock-Galloper and thence back to Felixstowe. Bawdsey came on 
watch, and reported the aircraft's track from 1115 until 1225 hours when the 

· aircraft landed. Two officers of Headquarters, No. 16 (R) Group were present 
at Bawdsey. At 1144 hours the flying-boat informed Lee-on-Solent by W/T of 
its position (over the first turning point), and its estimated time of arrival over 
the · second · turning point. This information was passed immediately by 
telephone to the two Royal Air Force officers at Bawdsey. These officers 
confirmed that the Bawdsey records accurately indicated the flying-boat's 
estimated track as regards both time and position. , It was later noticed at 
Lee-on-Solent that the R.D .F. plot was not following the pre-arranged track 
of the flying-boat. Instead of recording a line towards the second turning 
point, Bawdsey showed a number of observations around the first turning 
point. At the time of these observations, it was believed in the Operations 
Room (as a result of the last signal from the aircraft) , that the flying-boat was 
well on its way to the second turning point. At about 1230 hours, after the 
flying-boat had landed at Felixstowe, the pilot was cross-examined from 

• Lee-on-Solent by telephone. He stated tI,at he had been unable at first to 
pick up the first turning point, but had had to circle several times before 
identifying it. This diversion from the programme had been correctly indicated 
on the Bawdsey plot. · 

Views of the Air Officer Commanding-in-Chief, Coastal Command, on the 1937 
Air Exerciscs1 

Air Marshal Joubert, Air Officer Commanding-in-Chief, Coastal Command, in 
a letter to the Air Ministry, dated 21 May 1937, said that he wished to place 
on record his opimon that sufficient experience had been obtained to justify 
the erection of a chain of R.D.F. Stations. He based this view on the fact that, 
although it was not yet possible to locate with absolute precision an aircraft or 
a formation of aircraft flying at more than 30 miles from the coast, yet sufficient 
indication of enemy aerial activity could be regularly obtained up to 80 miles 

1 Air Ministry File S.40260, Encl. 41A. 
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from the coast to faeilitate very greatly.the task of Fighter Command. He made, 
this interim recommendation because he felt there was no time fb be los.t in 
carrying out further trials on a large scale, and. with the additional faciliti().s for 
correcting observations that the increased number of stations would provide. 

Views of the Air Officer Commanding-in-Chief, Fighter Command, on the 1937 
Air Exercises 1 

Air· Chief Marshal H . C. T. Dowding, Air Officer Commanding-in-Chief, 
Fighter Command, in his report dated 7 June 1937, was more reserved. He 
regarded the existing achievements of the R.D.F. system as being of great value 
to the defence of this country in so far as they indicated generally the approach 
of aircraft towards our shores. This was but a fraction of the benefit which he 
hoped would eventually be obtained from this system, but he emphasized that 
it was all that had been attained up to the present. A general view of the charts. 
accompanying the report showed that the average track as plotted by Bawdsey 
bore no recognisable relation to the track flown by the aircraft and, although 
there were a few exceptions, even these plots were not sufficiently accurate to 
enable interceptions to be attempted before t he coast was reached. He thought 
the principal reason for this was the inaccuracies of the R.D.F. observations in . 
azimuth, particularly when oth~r aircraft were in the neighbourhood. The 
observations for height also were sometimes very erratic. It seemed to him that · 
the most important objective for technical development in this connection, was 
to improve the azimut h reading by some form ·of cut, or combination of the 
observations of t wo or more stations. - The D .F. system for the recognition of 

· fri'endly aircraft was a complete failure. This he attributed largely to defective­
liaison ; he would expect no difficulty in obtaining satisfactory results if the 
whole system were under unified control ; but the matter was at present of 
minor importance, since, even if the D.F. system had been successful, there . 
were no recognisable plots on the Operations table to which the identifications 
could have been applied. He recommended that if, and when, another exercise 
of th:is type were held, it was important to ensure that Coastal Command,­
Bawdsey, and Fighter Command, used the same scale charts for recording,, 
owing to the difficuHy of making comparisons when the scales of charts differed .. 
He regretted that the results of the exercise did not yet enable him to put 
forward definite proposals for the "transference of R.D.F. plots to the various ­
Operations Rooms concerned. 

Technical Views by Mr. Watson Watt on the 1937 Air Exercises 

A detailed technical report on the 1937 R.D.F. Service trials was prepared · 
by Mr. Watson Watt. ln it, he recorded that the apparatus used .in the R.D.F . 
observations for this exercise was whoUy designed and constructed at Bawdsey. 
The working frequency was 22 megacycles per second (13 · S metres wavelength). 
tb.e transmitter power was approximately 40 kilowatts. The stand-by 
transmitter was used on one afternoon to enable pem1anent improvements to be 
introduced in the main set. The total lost time, wholly at the transmitting 
end,- was 19 minutes in 60 hours operation : of this, 7½ minutes was due to an 
error of judgment as to starting time, and 4 minutes to experimental changes, 
unessential but thought worth trial in the midst of exercises. · There were 
no failures in valves or components, either in transmitter or receiver. Aerials 

1 Air Ministry File S.40260, Encl. 43A. 
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and receivers_,.were tested each day, but no changes in performance were detected 
nor was any repair or adjustment required. On no occasion during the exercise 
did interference by signals, atmospherics, or ignition systems produce 
troublesome interference. It was not found necessary to prohibit the running 
o( internal combustion engines, save in the area of about 100 yards radius 
round the receiving aerials. 

The direction of maximtim sensitivity was designed to lie South-East, and 
t,he sensitivity was expected to fall substantially to zero along a line N.E. to 
S.W. through Bawdsey. The useful sector of operation was therefore expected 
to he between East and South. The power radiated inland was reduced to 
about 1 per cent. of that radjated to seaward, and means for discriminating 
between craft inland and over sea were provided. No calibration corrections 
were introduced in the bearing and height determining gear, and no practice 
runs on formations of more than three aircraft had been made. The minimum 
objective to which design had been directed was a location range of 30 miles 
for a formation not below 5,000 feet. No provision was made for following 
raids into the zone of 8 miles radius surrounding Bawdsey. Jt was found · 
during the exercise that effective locations could be made in the unfavourable 
sector West of South, nearly, in fact, to the.South-West axis, but that the 
corresponding sector North of East was one of much lower relative sensitivity. 
This discrepancy was ascribed to distortion of the energy distribution from the 
transmitter by the stays of a temporary stayed mast, from which distortion of 
unforecastab1e amount had, in fact, been expected. It would appear that, after 
al)owance for this extraneous distortion, the useful sector of the station is nor 
less than 120°. 

The time taken for the observation and transmission of positional data 
(plan position and height) varied between 12 and 22 seconds. Of this time, the 
observation occupied 8 to 14 seconds, both this and the reading and transmission 
time (forming the balance of the total) could be reduced by practice and the 
latter by the improvement of speech on the telephone lines, the poor quality of 
which involved frequent repetitions. It was clear during the exercise that the 
interpretation of the individual observations in terms of ground track and speed 
was notably easier in the Operations Room at Bawdsey itself than elsewhere. 
PFeliminary experiments to facilitate a rudimentary raid identification system 
were made late in the exercise, and showed very considerable promise. They 
were being carried further. The charts available from Bawdsey contained only 
such interpretation as was effected during the period of observation, without 
improvement after the event, and were therefore representative of the material 
which could be made available at any R.D.F. filter centre. The need for such 
a centre had been clearly established in the exercise. 

Mr. Watson Watt's Condos.ions on Operational Performance 
The performance of the system as it stood, in so far as it could be judged from 

an exercise · carried out in weather conditions which, without affecting the 
obs_ervational conditions, were unfavourable for navigation on long tracks over 
;;ea, and employing comparatively small formations, is estimated in" Conclusions 
:>n Operational Performance " :-

.. (a) A_ccurate plan location of close fonnations of six or more aircraft at 
11eights of 10,000 or more feet can be effected at ranges of 100 or 
more miles from the coast, by co-operation of t wo or more R.D.F. 
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stations, in cases where the raid density in the 100-mile .zone is 
not high and where observers can be provided to watch t his zon1;1 
without impairment of observations on nearer zones. (The height­
reader and teller would normally be able to take this additional duty,) 

(b) Plan location in similar circumstances can be effected by a single 
calibrated station with an accuracy in range better than 1 mile and 
an accuracy transverse to mean apparent track better ·than 5 miles 
in the 90-mile zone, 3 miles in the 70-mile zone, l l miles in the SO-mile 
zone, ½ mile in the 30-mile zone, and¼ mile in the 12-mile zone. At 
20 miles the range is accurate to a q_uarter mile. (A zone is taken as 
approximately 20 miles with control on t he range named.) 

(c) P1an location for formation of three or more aircraft at heights between 
5,000 and 10,000 feet can be effected with high accuracy, by two or 
more stations, at ranges of 60 or more miles from the coast. 

(d) · Plan location in the conditions of (c) above can be made by a single 
station with accuracy better than 1 mile and an accuracy transverse 
to mean apparent track better than 5 miles in the 50-rnile zone. In 
other (nearer) zones the improvement is in approximately the ratios 
,;hown in (b) above. 

(e) The range of location for a single craft flying at a height of 1,000 feet 
is normally better than 20 miles, the accuracy of a single station 
location is better than I mile in range at 20 miles, the accuracy 
transverse to mean apparent track is better than 1 mile at 20 miles. 

(/) The flying height of a formation can be determined with a consistency 
of 7 per cent. for flying heights of the order of 15,000 feet, at ranges 
of 50 miles, 10 per cent. for 10,000 and 40 miles. Whether these 
consistencies can be regarded as applying to the true flying heights 
is a matter to be determined by calibrations which can be made against 
flying data of exercise and in later experiments. 

(g) The number of aircraft in a close formation cannot be determined with 
certainty at present. This determination will depend on experience 
not yet sufficiently acquired by observers. The discrimination 
among single aircraft, formations of three to six, and large close 
formations, appears likely to be made with considerable certainty 
by sufficiently experienced observers. Special flying arrangements 
will, however, be required to give experience with la1·ge formations." 

·The Exercise clearly showed a vast improvement in operation u;;ing the 
22 megacycles per second frequency in place of 11 · 5 megacycles per second, 
which had been used during the 1936 trials. The performance and standard of the 
whole .equipment- transmitter, receiver and aerials-were better. Direction­
finding and height-finding were both carried out by means of a goniometer ; in 
the case of height a series of conversion curves were used to convert the 
goniometer reading and range into height. The D/F errors were not more than 
2 to' 3 degrees and it was possible to average out the zigzag of individual plots : 
about five to ten numbers were required before the true track of an incoming 
raid could be determined. 

* * 
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The opmions of the Air Officers commanding Coastal Command and Fighter 
'Command, and the impressions of the Air Ministry representatives at the 1937 
Service triaJs of tl:e R.D.F. equipment installed at Bawdsey were all, in the main, 
very favourable. Although it was agreed that there was not yet precision in 
the location of formations of aircraft flying at more than 30 miles from the coast, 
there was no doubt that the air exercises had verified that sufficient experience 
had been gained to justify proceeding with the erection of a coastal chain of 
R.D.F. Stations. The exercise therefore provided a valuable impetus to the 
need for accelerating the construction of the Home Chain. 
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CHAPTER 3 

INCEPTION AND PROGRESS OF THE R.D.F. HOME CHAIN, 
AUGUST 1937-THE MUNICH CRISIS, SEPTEMBER, 1938 

After receiving the reports on the 1937 Exercise, the Deputy Chief of the 
Air Staff suggested to the Chief of the Air Staff that the R.D.F. equipment 
had shown itself sufficiently satisfactory to go into production.1 He pointed out 
lhe five stations sanctioned by the Treasury in November 1935 were designed 
to provide data as a first step towards the complete chain of twenty stations 
recommended by the Air Defence Research Committee. on 16 September 1935. 
These five stations were to have been ready by August 1936, but so far, only 

.,Bawdsey was in operation, with the possibility that all five would be completed 
by the end of 1937. It had been estimated that the complete chain would 
take two years to build, so that if the necessary work were not commenced 
until after the completion of the five-station chain, it would not be finished 
before the Spring of J.940 at the earliest; probably later, bearing in mind the 
example of the five-station chain where construction had already lagged by 
more than a year. He therefore considered that further delay in the con­
struction of the Main Chain as originally proposed could not be accepted and 
that there were ample grounds on which to approach the Treasury for the 
necessary financial backing. 

The Cruef of the Air Staff agreed that the scheme for the Main Chain should 
be put in hand, and the matter was discussed at a meeting between the Deputy 
Chief of Air Staff, the Director of Scientific Research, Mr. Watson Watt and 
others on 30 June, where the Air Staff requirement was stated :- 2 

" That, by means of R.D.F., we should get warning as accurately as 
possible of the position of enemy aircraft approaching the coast between 
St. Catherine's and Lowestoft at a minimum height of 3,000 feet and at 
a distance of 40 miles from the R.D.F. station at this height. From 
Lowe·stoft to St. Andrews a lesser degree of accuracy could generally be­
accepted, and the Air Staff would be satisfied to have warning of aircraft 
approaching at 5,000 feet at a distance of 35 miles from the coast, except 
in four coastal areas, the Forth, Tyne, Tees and Humber, which in view· 
of their importance and exposed condition required the same standard of 
warning arrangements as proposed for the St. Catherines- Lowestoft 
sector." 

Air Ministry Memorandum No. 133 was accordingly drawn up and submitted 
to the Treasury Inter-Service Committee, who gave the necessary sanction at 
their meeting on 12 August 1937.3 

Co-operation of Commercial Firms in Production of R.D,F. Equipment (1937) 
Even before Treasury sanction had been given, tentative discussions on the 

production of R.D.F. equipment by commercial firms had been taking place: 
ln January 1937, it had been recommended that the system of R.D.F. should 
be disclosed to the Metropolitan-Vickers Electrical Company Limited and that 

1 Air Ministry File S.35982, Minute 80 of l 1 Jun. 1937. 
'Ibid., Minute 82 and Encl. 89A. 
'Ibid. , Encl. 100A and Minutes 100/ 101.-This Memorandum is given in full at 

Appendix No. 4. 
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they be asked to carry out certain experimental and development work. 
However, as a result of a conference held on 22 January 1937 under the chairman- · 
ship of the Director of Scientific Research, it was decided that Metropolitan­

·Vickers sJ1ould be informed only in respect of the transmission side of R.0.F. 
The receiving apparatus, it was decided, should be given to A.C. Cossor Limited 
for development. It was considered that there would be little risk as regards 
secrecy if the goniomete~ development were placed with another firm, and this 
_was made the responsibility of the Radio Transmission Equipment Company 
limited. It was recommended that the erection of aerial arrays should be the 
responsibility of the Bawdsey staff assisted possibly by G.P.O. workmen who 
might be made available. 

After discussion between the Secretary of State for Air, the Chief of the Air 
Staff, and the Air Member for Research and Development, approval was given 
for the selected firms to be approached.1 The staff of Metropolitan-Vickers 
were convinced that they would be able to design a satisfactory transmitter 
to meet the requirements (which called for hitherto unattained peak outputs), 
delivering the first experimental model, at a rough estimate, within nine months 
of the date of the contract, and thereafter at the rate of three transmitters 
every two months.2 Arrangements were made for a member of the Company 
who would be in charge of the experiment al work and design to visit Bawdsey 
to draft an outline working specification with the Bawdsey staff. Messrs. 
Cossor anticipated no difficulty in designing and producing the receivers 
provided adequate facilities were #forded to discuss technical details with the 
experimental officers concerned ; they were prepared to set aside certain special 
shops for experimental work and for the assembl.y of oomponents made in the 
general shops. By limiting the assembly work to specially selected and 
trustworthy staff they were satisfied that secrecy could be ensured. Th~y 
estimated that twenty receiving sets could be available in from twelve to 
·eighteen months from the date th,e contract was placed.3 

After Treasury authority had been granted for the Main Chain, the Directorate 
of Signals made a formal request to the Directorate of Equipment for the 
purchase from Metropolitan-Vickers of t wenty sets of R.D.F. transmitting 
equipment to the specification B.R.S, 10001/B, each set comprising two complete 
transmitters; and from Cossors twenty sets of receiving equipment to speci­
fication B.R.S. 10002/A.d Treasury authority allowed for tbe expenditure of 
£320,000 on the apparatus, the cost of transmitters and receivers being as 
follows:-

Transmitters £21,000 for the :first set (comprising two trans-
mitters), £16,500 for the next four sets, and 
£14,500 for the remainder. 

Receivers £1,000 pe.r set (comprising one Receiver). 
On 28 October, Cossors were instructed to proceed with the manufacture of a 
further nineteen sets similar to the apparatus already being developed by 
tht:m. 5 This contract was later increased to forty sets to cover one standby 
at each Station. On the 6 November, Metropolitan-Vickers were similarly 
instructed to proceed, the first set to be delivered within nine months, the 
next three sets by October 1938, and thereafter at the rnte of three sets every 
two months. 

1 Air Ministry File S.39518. 2 Air Ministry File S.40079, Minute 29. 
a Ibid., Minute 40. • Air Ministry File S.42780. 6 Ibid., Minute 109. 
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Preliminary Siting of the Main · Chain 

fn January 1937, at the request of· the Director of Scientific Research, 
Mr. Watson Watt had produced a tentative outline of the requirements of an 
R.D.F. site.1 In the first place there was the obvious requirement of proximify 
to G.P.0. cables, the National Electricity Grid, water supply, and access by 
road. As to the technical requirements, he stated that the site should be not 
more than haJf a mile from the coast and situated on cliffs .overlooking the sea. 
Alternatively the site might be on high ground near the coast. The station 
might be set back from the coastline without loss of working range at the 
rate of 20 miles for every 100 feet gain of height above the average level of 
the country in front of the station. Obstructions in front of the station­
buildings, t rees and the like- and possible sources of electrical interference 
were to be avoided. 

After the April, 1937 exercise, but before Treasury sanction had been giveri 
for the complete chain, Mr. ·w atson Watt urged that the available resources 
for R.D.F. production should be used to give preliminary cover over the 
greatest possible length of coast, lea~ng the chain to be strengthened in its 
second stage by the shortening of indjvidual links as required.2 He also set 
out the results of his preliminary investigation to determine the action required 
to erect a twenty-station R .D.F. Chain . He considered that even with extreme 

' pressure exercised on all concerned and maintained throughout the whole time, 
it would take fully two years to produce the required twenty stations. His plan 
provided that the five-station Intermediate 'Chain from Dover to Bawdsey 
should preserve its existing spacing, but recommended that the Dunkirk station 
snould be replaced by one at North Foreland because it was important to have 
the most advanced possible observation post on the south side of the T hames 
Estuary. Re recommended that the Dunkirk site should be retained in its 
present state for use first as a base for inland R.D.F. experiments, and later 
as one of the additional full-scale R.D.F. stations required round the T hames 
Estuary. He also recommended that the Bawdsey operational station should 
be replaced by a station at or near Lowestoft. 

The Main Chain stations ou tside the important front covered by the Inter­
mediate Chain were to be separated by approx.imately 40 miles which would 
allow for detection of aircraft flying a t moderate to great heights but not at 
low altitudes. The spacing suggested would not provide any margin for loss 
of any station by enemy action, and it was therefore desirable to have a second 
stage of the Main Chain to cover the provision of furth~r stations for improved 
location of low-flying aircraft, and the reduction of risk of a break in cover 
by ct'estruction of individual stations. Dunkirk was to be kept in view as a 
station in t his later stage of the chain. 

Siting of Main Chain Stations 

The approximate positions suggested for the Main Chain stations were 
Portland or St. Albans Head, St. Cathe1ine's Point, Worthing, Peacehaven, 
Ore or Fairlight, Dover, North Foreland, Canewdon, Great Bromley, Bawdsey, 
Lowestoft, Cromer, Skegness, Spum Head, Flamborough Head, High Whitby, 
Seaham, Coquet Head, St. Abb's Head or F ast-Castle, St. Andrews (Strathkiness), 

1 Air Ministry File S .35982, Encl. 68A (l) and (2) . 
2 Afr Ministry File S .40174, E1icl. 2B, 
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St. Cyrus. The sites proposed had been selected from the map having regard 
to the required spacing of the Chain. It remajned to examine in detail the 
positions chosen in order to determine the exact locations most nearly satisfying 
the requirements for a good R.D.F. site. Accordingly survey parties were 
formed including representatives of Bawdsey Research Station, Fighter Com­
mand, and the Air Ministry Works Directorate. Technical requirements were 
the .first consideration, foll,owed by vulnerability to attack from the air and 
the sea.1 No real difficulty between technical requirements and those of the 
Works Services arose. Regarding vulnerability it was realised that as the sites 
would be between 2 and 10 miles from the sea they would mostly be visible 
from surface vessels, but as they were not considered good targets the risk of 
bombardment was accepted. 

As a result of this survey Mr. Watson Watt recommended that fifteen stations, 
including the five stations of the lntermediate Chain already bejng built and 
modified to give full main station performance, would give almost the same 
cover originally calculated for the Main Chain of twenty stations.~ He suggested 
that the sites for the remaining five stations should be delayed for eighteen 
months when the knowledge of R.D.F. , which was growing rapidly, would have 
still Jurther increased. It would then be possible to site them to the best 
advantage, either to reinforce the Main Chain where necessary or to extend 
it in a northerly or westerly direction. No question of moving any of the 
fifteen stations would arise, since each occupied the most favourable site which 
could be found anywhere in a length of front comparable with the main spacing 
between stations. The proposal for a first group of fifteen stations also allowed 
for a small reserve from among the equipments being manufactured. These 
proposals were agreed and the fifteen sites were selected, to include those of 
the original nve-station or Intermediate Chain.3 Further adjustment was 
still necessary, however. 

Owing to opposition from local authorities, the site chosen at Alfriston (08) 
was replaced by one at Poling (08) near Arundel.4 The relinquishment of the 
Fairlight site (06) meant its substitution by two stations at Rye (OS) and 
Pevensey (07), necessitating increasing the number of stations to sixteen. 5 The 
site at Steng Cross (40) also had to give way owing to opposition from the 
landowner, and a site was selected -in the Cheviots at Ottercops Moss (40). 
The sixteen sites thus became :-6 

02 Dnnkirk 
OS Rye 
08 Poling 
22 Canewdon 
26 Bawdsey 
30 Stoke Holy Cross 
34 Stenigot 
38 Dan by Beacon 

04 Dover 
07 Pevensey 
10 Ventnor 
24 Great Bromley 
28 High Street 
32 West Beckham 
36 Staxton Wold 
40 Ottercops Moss 

Research on Operations and Filter Rooms, Communications, and Display (1937) 
Tb~ Spring exercises for testing R.D.F. had thrown into relief the need for 

intensive work on a scientific basis on communications and Operations Room 
technique, including methods of transmitting and displaying the information 

1 Air Ministry File S.42747, Encls. 7" and 9A. 2 Ibid ., Encl. 7A. 
i Ibid., inutes 6-10. _,. Ibid., Encl. 36A_ 5 Ibid., Minute 53. 
• These sites are indicated on Map No. l , 
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obtained by the R.D.F. Chain. This line of research ~as no less important 
and urgent than that of the radio detection system itself, a point which was 
stressed by the Air Officer Commanding-in-Chief, Fighter Command. The 
Air Staff and tba Operational Commanders considered that since raid reports 
would be received from several R.D.F. stations, and from other sources, such 
informat,ion must first pass through a Filter Centre for evaluation of the data 
supplied on position, track and speed of individual raids before it reac11ed the 
Operations Room table. It was therefore agreed that research should be 
undertaken on methods of communication, interpretation and display of 
raid reporting i nformation. This called for a separate laboratory and staff 
at Bawdsey formed under Mr. E. J. C. Dixon in August 1937, for the purpose 
of improving the technique and equipment of tl~e standard type of Operations 
Room and the development of Filter Rooms.1 A full-scale experimental 
Operations Room, modelled and equipped on the lines of the best existing 
Group Operations Room was provided at Bawdsey, and Warrant Officer 
R. W. Woodley at H.Q. No. 11 Gronp was temporarily attached to Bawdsey 
o,t account of his exceptional experience of Operations Room developmen't 
and planning. 

Commooications for Raid Reporting 
It was clear that a most efficient conin1unication system between the reporting 

stations, the centres of control and the operational squadrons associated with 
them wou1d be required. Since R.D.F. stations would be the main source 
of raid reporting traffic to be passed to Operations Rooms it was decided that 
the Superintendent of Bawdsey should become a member of the Technical 
Development Committee for Air Defence Communications, which had been 
set up in March 1936, under the chairmanship of the Assistant Engineer-in-Chief 
of the General Post Office, and whose members were representatives nominated 
by the Air and Army Councils. 2 The duties of this Committee were to make 
technical arrangements for the Air Defence landline system, including the 
standardisation of equipment to conform with the best modem technique 
and to deal with the safeguarding of landline insta1lations in time of war. 
After the formation of this Committee, there was a considerable increase in 
the use of teleprinters for communications, and pneumatic tubes for internal 
distribution of messages in Operations Rooms. This was followed by the 
introduction of the Defence Teleprinter Network. 

A scientist, who had been working on communications problems at Bawdsey, 
was transferred to the General Post Office Research Station, Dollis Hill in 
June 1937,· to collaborate with the G.P.O. Transmission Group. 3 The 
remoteness of most R.D.F. stations from the G.P.O. trunk network and the 
realisation of the need for ql.l.ick and accurate reporting led to the development 
of a transmission system which gave one secret (inverted) speech channel 
and four teleprinter or signalling channels. This system, however, was not 
adopted, and in its place one speech channel with a superimposed signalling 
chai1nel was agreed upon. In co-operation with the G.P.O., work was also 
started on the development of optical and automatic switch devices for R.D.F. 
communications which, after the outbreak of war, led to the installation of 
automatic calculators at Chain Stations. 

1• Air Ministry File S.46357. • Air Ministry File S.36965, Encl. 43B. 
3 Air Ministry File S.40089. 
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In the Air Ministry towards the end of 1937, the communications problem 
was energetically tackled by the Signals Branch with the aim of establishing 
communication links between R.D.F. stations and the Headquarters 
concerned as each R.D.F. station was completed.1 The Air Staff considered 
the completion of the R.D.F. Chain so urgent that it was decided the 
communicatjons system should be completed without delay, even if this 
eventually might prove uneconomical. It was decided that two routes, 
running through sepai:ate G.P.O. centres, would be provided to each R.D.F. 
station, so that interruptions to one route would not disrupt the system, and 
that the following circuits Wottld be provided and divided between the two 
routes :-2 

(a) Main reporting circuit. 
(b) Spare reporting cir:cuit. 
(c) A lateral in each direction. 
(d) Exchange line in each direction. 

· (e) Probable D/F circuits. 

These cables were terminated at a Main Distributing Frame in the Receiver 
Hut. 

. By May 1938, sufficient experience had been gained from the two existing 
R.D.F. stations for future policy to be finnly determined. It was decided 
that the Central Filter Room should be located at Headquarters, Fighter 
Command, Bentley Priory, Stanmore: 3 All R.D.F. plots wet·e to be reported 
to the Central Filter Room where they would be plotted on the table and 
built up into continuous tracks ready for telling to the Operations Rooms. 
The filterer officer would instruct individual R.D.F. stations as ·to which 
particular raids they were to report. From t11ree tellers' positions in the 
Filter Room, lines would run direct to the three Fighter Group Operations 
Rooms (Numbers 11, 12 and the anticipated 13 Group). A line would also 
run from each teller's position to .a plotter's position in the Fighter Command 
Operations Room. T he incoming plots from the Filter Centre to the Groups 
would be relayed automatically to the Sectors under the Groups. High 
quality speech Jines were necessary, especially in view of the fact that the 
information at the Groups would be redistributed simultaneously to a number 
of places. The possibility· of teleprinters was borne in mind as a later 
development. · 

The original line requirement between each R.D.F. station and Headquarters, 
Fighter Command Filter Room, was four telegraph channels for plotting, and 
one speech channel to enable the Filter Room to be in touch with the R.D.F. 
station.4 In December 1938, however, the G.P.O. refused to accept this. 
proposal, and it was decided that the Post Office Research Station at Do1lis 
Hill and the Bawdsey Research Station should together investigate the 
provision of a special circuit with control signalling injected at a suitable point 
of the speech spectrum, and having a sufficiently good intelligibility to enable 
plots to be passed without need of repetition. In the meantime, special 
circuits were used for plotting by speech, and R.D.F. stations were linked to 
the nearest Fighter Command Voice Frequency Centres, which, in the majority 

' , Air Miµistry File S.'37237, Ep.cls. 203A and 204A. 
3 Ibid .. Encl. 236A. 
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of cases were the nearest Sector Headquarters. Fina1ly, arrangements were 
made for two alternative landline routes between each new station and the 
Filter Room to be connected shortly after the station was occupied. 

In March 1939, the Air Officer Commanding-in-Chief, Fighter Command 
proposed additional landline communications to be laid between the R.D.F. 
stations and the Fighter Sectors. In the event of the Filter Room, or 
important cables to the Filter Room, being put out of action, Sector Head• 
quarters should be able to obtain R.D.F. information direct from the R.D.F. 
stations. This proposal was accepted by the Air Ministry, and the necessary 
lines were installed by the G.P.O. The lines could have been converted into 
teleprinter lines, making it possible for the R.D.F. stations to teleprint plots 
to plotter positions in the Operations Rooms, but although this facility existed, 
it was ·never used. 

In accordance with usual procedure, all the cable and telephone equipment 
on R.D.F. stations was taken over from the G.P.O. by the Royal Air Force 
and became Air Min'istry property, the G.P.O. laying the lines as an agency 
service, and in the event of failure, replacing and repairing them on a cost 
and time repayment basis.1 The advantage of this arrangement was that 
the Royal Air Force could legally make alterations to the lines on the stations. 

'Calibration of R.D.F. Stations 
• The need for accuracy in locating aircraft detected by ~.D.F. Stations brought 
the need for careful calibration into prominence. Calibration was not necessary 
to secure-accuracy in the matter of range, for the type of terrain snrrounding 

• an installation had little effect on the timing of rndio transmissions aud 
reflections. The methods of determining bearing and height of aircraft were 
both materially affected, on the contrary, by the contour and quality of the 
earth in the neighbourhood of the R.D.F. equipment. Most of the signal 
picked up by the receiver arrived by the sl10rtest path, or direct ray as it is 
called, but some of it was received after ricocheting off the surrounding part 
of the countryside. When a R.D.F. station 'was sited on perfectly flat smooth 
land, the behaviour of. the reflected ray, as the ricocheting signal was called, 
could be anticipated and the equipment would give readings of bearing and 
height approximating to theoretical accuracy. The perfect site was rarely 
found in practice, however, wit11 the resul t that accuracy of bearing was affected 
by reflected rays which ricocheted sideways, and accuracy of height was lost 
because some rays had been abnormally reflected in the vertical plane. The 
effect of the site on beight-.finding was, in point of fact, far more serious than 
it was on direction finding. In the latter an irregularly reflected ray was 
merely a contributory factor, but in height-finding the direction of the 
reflected ray was of basic importance in the calculation. 

The type of site from which the greatest accuracy in height and direction 
finding was to be expected was a peninsular at sea level, around which the 
sea would act as a non-distorting reflector. Such sites had a grave disadvantage 
in practice, however, because tbe lack of effective height of the aerials imposed 
a serious limitation on the range of the equipment at low elevation. In order 
to obtain good low cover, therefore, accuracy of measurement was usually 
sacrificed to obtain maximum range. Although the best possible sites were 

l Air Ministry File S.37237, Encl. 239A·. 
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selected, errors of the order of 15 miles transverse to the lirte of shoot and of 
thousands of feet · in height at long range were to be expected from an 
uncalibrated station.1 

Methods of Calibration 
The method of calibration was for the station to take readings on an object 

whose actual bearing and elevation were knoWn. Corrections for the difference 
in the two could then be incorporated in the equipment.., It was estimated 
that the average station required calibration for ten target heights at each 
of ten points on a semicircle of 30 miles radius centred on the station, for 
each of four wavelengths, so that four hundred primary observations, with a 
few check observations at other ranges, were required for each station. Two 
methods of calibration were adopted. The fiTst method, that of taking 
observations on returns from London aircraft of R.A.F. Station, Felixstowe, 
was not very successful. 2 At that time there was no mett"!od of amplifying the 
signal from the calibration aircraft to ma,ke the indications distinctive and easy 
t.o read, and observations requfred much checking. The pilot reported his 
position by radio telephone when he was over points of known position, such 
as lightships, and several hours of flying were necessary to obtain these 
transitory observations. Moreover, minor modifications to the equipment 
were sometimes required, and as bad weather might then delay further 
ooservations, progress was often slow. It was. held that observations on 
aircraft, while necessary, were not alone sufficient. 

- The second method, that of taking observations on returns from a dipole 
aerial carried on a kite-balloon, seemed more promising. An experiment in 
June 1937 was successful, and this method of calibration was made applicable 
to both Chain and transportable ground fostallations for location inland.3 

Bawdsey Research Station proposed the formation of a mobile section, 
comprising transpo(t for takiog the balloon and accessories to points within 
20 or 30 miles from Bawdsey. Ascents were rcquiJ-ed to heights between 
5.,000 and 15,000 feet. This proposal was implemented in September 1937, 
when the inland station at Dunl<irk, Kent, was calibrated by balloons flown 
at Manston, Eastry, Gharing and the Isle of Sheppey.4 

For stations on tbe coast, it was suggested that attempts should be m'ade 
to procure from the Admiralty a vessel suitable for the work, which would 
involve cruising at distances up to 50 miles from the shore. As a temporary 
measure, it was suggested that a Royal Air Force surface craft should be 
allocated, to work at distances up to 20 miles from the shore, where useful 
calibration could still be done. 6 The formation of the mobile crew was approved, 
and the question of the allocation of a boat investigated. Progress was, however, 
slow. In February 1938, Bawdsey Research Station reported that calibration 
work had made no substantial progress during the preceding five months. 6 

Until stations were calibrated, it was not possible to assess the requirements 
for a filtering process, or to study the general problem of recording and 
communicating data on a number of raids. Bawdsey urged that consideration 
should be given to the immediate provision of a balloon, having a ceiling of 
7,000 feet, capable of operating out to sea at a distance of 30 miles from the 

1 Air MioistTy File S.427l9. Encl. 65A. 
8 Ibid. , Enals. lA and 3,1.. 
1 Ibid., Minutes 5 and 6 , 
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coast. If a ceiling of 7,000 feet were not immediately realisable, a ceiling of 
5,000 feet would be useful. This recommendation resulted in the supply of 
a 60-foot Diesel Pinnace carrying a small balloon with a ceiling of 5,000 feet, 
with which a certain amount of progress was achieved.1 

In September 1938, Mr. Watson Watt stated that if the Air Staff require­
ments for the R.D.F. Chain to be working on one wavelength by Aptil 1939, 
and on all wavelengths by the end of December 1939, were to be met, two 
balloon units, working simultaneously, would be required for calibration. 2 

He recommended that authority should be sought for the acquisition of two 
vessels capable of carrying LZ- A balloons, which had a ceiling of 7,000 feet 
and could be used for continuous operations. Financial sanction was given 
for the charter of two ships, and the Admiralty was approached regarding the 

Joan of a trawler. As no hawler was able to be released, the S.S. Ialine, a 
motor tanker, and the S.S. Recovery of lecith were chartered.3 The former, 
after fulfilling part of the programme, was considered too small for the duty, 
and, in December 1938, the vessel was returned to the owners, and the motor 
vessel Miss ElaJine chartered in addition to the Recovery of Leith. Balloons 
continued to be used during 1939, a number of additional vessels being used 
for this purpose. However, it was realised that the method, in addition to . 
its inherent slowness, would be seriously hampered in the coming winter and 
by restrictions on balloon flying in the event of war,4 Consideration was 
therefore given to alternative methods. 

Aircraft were known not to be very useful for azimuth calibration, since 
they could not .fix their position accurately, nor could they stay in the same 
place to allow bearings to be taken on them with precision. On the other 
haod, for the purpose of height calibration they could be relied on to maintain 
accurate height, and also to keep on course to within the required accuracy 
which was less than was needed fo.r azimuth calibration. These considerations 
suggested the use of autogyros Im: azimuth calibration. In December 1939, 
Fighter Command qbtained three of these machines.6 They were fitted with 
pulse transmitters to assist in taking accurate bearings and tests were carried 
out with the aircraft hovering over known landmarks. In March 1940, this 
method was approved as an alternative to balloons. 6 The autogyro was not 
much use for height .calibration owing to its low cei ling and slow speed, and 
the use of orthodox aircraft for this purpose was continued with the carrying 
of a pulsed oscillator as in the cas~ of the autogyro. 

The story of calibration from this time onwards is one of continually 
increasing work as more and more stations were erected. The work was 
inevitably a source of some friction in that the technical staff, in their efforts 
towards perfection, were always anxious to re-adjust and calibrate stations, 
particularly when the equipment bad been modified or the aerial system 
repaired, as frequently occurred. Fighter Command's concern, on the other 
hand, was to have the stations in as nearly contif!uous operation as possible. 
The sparing of aircra·ft for calibration flights was also a source of difficulty, 
The need for a generous allowance of calibration flying became more fully 
appreciated as time went on, for without it R.D.F. information could be 
unreliable and ·misleading. 

1 Air Ministry File S.41722, Encl. 43.-.. 
3 Ibid., Enols. 75A and 87 A, 
• [bid,, Encl. 18B. 
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Formation of a Directorate to he responsible for R.D.F. Development (JQue 1938) 
The rapid development of R.D.F , during 1937 and ear1y 1938 created the 

need for a separate authority at a high level to deal with the growing· research 
and development. Mr. Watson Watt had advocated the formation of a 
separate R.D.F. Directorate as early as August 1936, at the time of his transfer 
from the Directorate of Scientific and Industrial Research to the Air Ministry.1 

At that time, however, the Secretary of State for Air was unwilling to undertake 
a re-organisation which would " entail a complete redistribution of responsi­
bility for these communications and their development," and wished to centre 
the R.D.F. responsibilities at Bawdsey Research Station. 

In practice, it was foW1d that much liaison on R.D.F. matters had to be 
carried out away from Bawdsey. Mr. Watson Watt was consequently often 
absent from the Research Station, and at these times the duties of Super­
intendent devolved upon Dr. P aris, who in addition to supervising the work 
of the War Office group became involved in general administrative duties.2 

When, in March 1938, a concentration of effort was required on War Office 
work, it was found he could no longer carry out the duties of Deputy 
Superintendent. Consequently Mr. A. P. Rowe, previously Co-ordinator of 
Air Defence at the Air Ministry, was appointed to the Research Station · as 
Deputy Superintendent, with the additional duty of supervisinNhe Air Ministry 

. programme. In view of this vastly expanded programme of R.D.F. research 
and development, a new Directorate was formed in June 1938, to deal with 
the development of all equipment required for radio communication, with 
Mr. Watson Watt as its Director.3 It was named the Directorate of 
Communications Development (D.C.D.). The Research Station at Bawdsey 
was transferred to the new Directorate, Mr. A. P. Rowe becoming the new 
Supe,rintendent in place of 1'4r. Watson Watt. 

The Formation of No. 2 Installation Unit 
It was the Air Staff plan that the Main Chain should reach a stage of 

completion by 31 December 1939. The responsibility for the organisation 
and planning of the installation programme had at first fallen upon Bawdsey 
Researc'h Station. Close co-operation existed between the Research Station 
and the Directorate of Works in the design of suitable tower structures, buildings 
and electrical and other services, but the responsibility of co-ordinating the 
ground equipment and the internal layout of transmitter and receiver buildings 
lay with No. 10 Department of the Royal Aircraft Establishment, which had 
assumed this responsibility in January 1938.~ The co-ordinaHng officer for 
all matters affecting the R.D.F. Chain was Squadron Leader J. W. Rose of 
this Department, he being the link between Bawdsey, the equipment 
contractors, and Air Ministry Works D irectorate. 

It was apparent early in 1938 that the work associated with the installation 
of R.D.F. stations to complete the Chain in accordance with Air Staff policy 
would increase considerably. Consequently in June of that year it was decided 
that a special Installation Unit should be formed to bring the R.D.F. Chain 
into operation. 6 The new unit became known as No. 2 Installation Unit. 
As its functions would be similar to those of tJ1e fitting Party of No. I 

1 Air Ministry Fj)e S.37745, Encl. J.4A, z Ai,r Ministry File S.37211, Encl. 35A. 
• lbid., Minute 43 _and Encl. 73A. 4 Air Ministry File S,45121. , 

5 Ibid., Encl. 2A. 
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Maintenance Unit which was already functioning, it was decided 'that No. 2 
Installation Unit should also be formed at No. 1 Maintenance U nit, which 
became the Accounting Unit. For administrative matters, No. 2 I.U. came 
under the-authority of the Directorate of Equipment, the Directorate of Signals 
(which was ·responsible for co -ordinating the jnstallation policy) and the 
Directorate of Communications Development. In July 1938, the Officer 
Commanding transferred his headquarters from the Royal Aircraft Establish­
ment to the new Headquarters of No. 2 I.U. at Kidbrooke. In the same 
month, l\fr. A. C. Gray of R.A.E. was appointed to assist him in the installation 
of the R.D.F. Chain. Ey August, the new Unit had beg.un work on extensions 
to the R.D.F. station at Bawdsey. 

Completion of the Intermediate Five-Station Chain 
It will be recalled that in the autumn of 1935 Air M,injstcy decided to erect 

a chain of five stations covering the Thames Estuary. This chain was to be 
ready by August 1936, with Bawdsey, Canewdon and Dover equipped with 
transmitters and receivers, and Great Bromley and Dunkirk fitted only with 
transmitters to enable the other three stations to fix or D/F the position of 
aircraft. Thus, regarding stations as centres providing location data, there 
were effectively only three. However, owing to shortage of ,staff and the 
intensity of research work, little of Bawdsey's effort could be sp·~d for this 
five-station project so that even by the beginning of 1937 little progress had 
been made, though the masts had been erected. 1 The Superintendent of 
Bawdsey in January 1937 suggested that, since the Main Chain could not in 
any case be in operation before January 1939, consideration should be given 
to equipping fully the five stations of the Intermediate Chain and thus have 
them ready by the beginning o'f 1938, a full year before the completion of the 
Main Chain.2 He suggested that Great Bromley and Dllllkirk should be made 
into complete self-contained transmitter-receiver stations. This was possible 
since, as has been described, technique had developed to a stage where azimuth 
could be determined by a single station, the use of an adjacent transmitter for 
this purpose being dispensed with. There would thus be five stations each 
indepr:ndently capable of determini11g range, bearing and height. Provisfon 
might ,also be made to mitigate the effects of deliberate jamming and to 
simplify the apparatus so that it could be operated by Service personnel. 

These proposals were agreed by the Air Staff, and provision for th~ erection 
of extra masts and instaUation of the necessary equipment was made in the 
Main Chain scheme for which Treasury sanction was received in August 1937.3 

Extra land was accordingly acquired and the additional towers erected. At 
Dunkirk, however, it was found impossible to incorporate, the existing trans­
mitter tower in the new scheme, so three new towers were erected, the original 
tower being retained for experimental purposes. The construction of Great 
Bromley and Dunkirk proceeded concurrently with the early work on the 
remaining Main Chain Stations. By the end of July 1938, Great Bromley was 
completed, calibrated; and :ready for operation, whilst that at Dunkirk was 
completed though not caJjbrated.4 These stations together w:ith Bawdsey, 
Dover and Canewdon were able to take part in the Home Defence Exercises 
of 1938 and, shortly afterwards, to prnvide RD.F. cover for the Thames Estuary 
during the international crisis of September. 

1 Air Ministry File S.40493, Minute 9. 
3 Air Ministry File S.35982, Minute 66. 

• Ibid., Enols. 1A and 2A.. 
4 Air Ministry File S.40493, Minute 52. 
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The 1938 Air Exercises 
In August 1938, the annual Royal Air Force Home Defence exercises took 

place and were planned for the defence of a line from Lincoln to the Thaznes 
Estuary against air attack coming from ·East of this line. 1 For the· first time 
there existed a chain of R.D.F_ stations ready to give warning · of incoming 
hostile raids. All five stations were operational, although Dunkirk had not 
been calibrated. One frequency only, 22 · 64 megacycles per second 
(13·25 metres}, was used. 

Bawdsey Research Station had decided that the success of R.D.F. in the 
exercises should be made the first claim on the work of the establishment. 
Scientists were attached to each station to assist the Royal Air Force personnel 
on duty at the transmitters, receivers. and landline termination equipment, 
apd a close supervision was kept over the store and workshop organisations to 
ensure the most efficient maintenance of the stations. The power of the 
transmitters was stepped up as far as was practicable, to give the greatest 
possible R.D.F. cover. At Bawdsey itself, the civilian scientific staff took 
the rare opportunity of observin,g R.D.F. reactions. in conditions of high raid 
density by carrying out a continuous watch with Royal Air Force operators, 
while at the other four statioos a fixed period of three b.ours was made during 
which the scientists t9ok over the manning of the sets from the Service personnel, 
and records were taken of all data received £ram the Chain stations. As a 
result of this detailed maintenance watch, the R.D:F. stations remained notably 
free from breakdowns throughout the exercises. 

Results of the Exercises. The First Experience of Large Raids 
The Exercises provided the R.D.F. Chain with Jts first experience of dealing­

with large numbers of aircraft, and the reporting system was inevitably swamped 
by the number of tracks which it was trying to report.2 The situation was 
complicated by the fact that the aircraft which wer~ simulating enemy raids 
had to begin their flights in a " neutral " capacity rom tbeir inland bases 
and fly out to sea through the R..D.F. illuminated area before they reached the 
predetermined point where they turned to fly in as " hostile " raids. This 
gave the R.D.F. stations a confused picture of friendly patrols. outgoing future 
" hostile ,, raids, circling masses of aircraft in their transitional stage, and 
incoming " hostile " raids. Echoes were also visible from aircraft as far as 
80 miles behinp the station, flying overland. 

It had been discovered in a rehearsal prior to the exercises that if four stations 
produced information on four crossing tracks, which they did without difficulty, 
the resulting accumulation of plots on the Filter Room table was too ·great for 
the tracks to be filtered intelligently. The period for which each plot remained 
on the table had consequently been reduced from ten to :five minutes. This 
meant that if a station were to maintain a continuous report on all the activity 
in its area, it would need to report each aircraft at least once in five minutes. 
During the busy periods of the exercises, so many tracks were visible on the 
cathode ray tubes of the R.D.F. stations that it was impossible to plot every 
one of them at five minute intervals, and even at the stations' existing rate 
of plotting, the Filter Room received more information than it could handle. 
In periods of great activity, therefore, all raids detected by the stations were 
not depicted on the Filter Room table. 

1 Air Ministry File S.45848 gives details of R.D.F. in the 1938 Exercise.s . 
2 Air Ministry File S,45848, Encl. 23A, para. 25 . 
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The filterers were further handicapped in their work by the fact that many 
·of the raids reported were not flying on definite tracks, but were circling in 
the neutral zone, preparatory · to turning and becoming '' hostile.'; The 
filtering of a track should have begun as soon as the track was reported by the 
RD.F. stations, but at some periods of the exercises, :filtering was only 
possible when definite tracks emerged from the clutter of circling airctaft. 
Sifting of the reports of individual raids was therefore troublesome ; but the 
filtering of the information on the massed formations was even more difficult. 

· Estimation of the number of aircraft in a formation from the echo which 
appears on the cathode ray tube could only be made reliably by experienced 
operators, and at that time none of the observers at the R.D.F. stations had 
bad previous experience of echoes from large formations of aircraft. The 
R.D;F. estimation of raid strength was consequently very unreliable. The 
aircraft flew in very open formations, the echo from one massed raid being 
sometimes nine miles wide; and such echoes often masked smaller echoes from 
individual raiders, which flew to the coast unreported. 

Height Reporting 
Before the Home Defence Exercises took place, the Filter Room plotters 

had only had facilities. to display on their filter tables the plan positions and 
the raid strengths which the stations reported. The R.D.F. stations were 
by that time, however, capable also of reporting the heights of the aircraft 
in their cover,1 and the reports were considered sufficiently accurate to warrant 
the introduction of separate height counters, whereby height reports could 
be plotted in the colour corresponding to the colour on the plan position 
counters of the station, and also a distinctive filtered height counter which 
was displayed against the filtered track. 

There was a tendency of the stations to report exag~erated heights on distant 
aircrait, due largely to the lack of experience of the eight calibration section. 
It was technically impossible to read accurate heig ts at very low angles of 
elevation, and stations attempting to do so gave inaccurate informatibn.2 

To offset this, orders were given for the height reading area to be curtailed 
and aircraft which gave indications of being below a certain angle were plotted 
with a non-co,mmittal '' No Height" report. Tn 1938, the selected angle of 
elevation was too low, and aircraft flying just above this angle were consequently 
inaccurately measured. The error in reported height caused by an erroneoti'S 
measurement of, angle of elevation was greater at long ranges than at short 
ones, and as the aircraft approached the station the reported height would 
consequently be a little more. accurate. Simultaneously, if the aircraft 
maintained a steady height, its angle of elevation from the station would 
increase, and would therefore be read more accurately. The net result was 
the apparent variation of accuracy of height measurement with range. Later, 
in 1940, the angle of elevation at which height measurement ceased was raised, 
and this tendency of accuracy variation then ceased to be apparent. 

·The Need for Low Cover 
· A disturbing feature of the exercise was the confirmation of the already 
anticipated inability of C.H. (Chain Home) stations to observe low-flying 
raids.3 One low-flying aircraft flew towards the R.D.F. station at Dover, 

1 Air Ministry File S.45848, Encl. 26A. z Narratpr's comment. 
3 Air Ministry File S.45848, Encl. SA and Minute 35. 
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and actually passed over it without being reported. The distribution of the 
R.D.F. cover depended on a combination of the height of the aerials and 
the radio frequency on which they operated. The higher the aerial, and the 
higher its radio frequency, the lower would be the cover achieved. The C.H. 
frequency of 22·64 megacycles per second (13·25 metres) was comparatively 
low, and although the stations had been sited on high ground so that the 
effective height of their aerials might be as ,great as possible, their cover below 
2° of elevation was scanty. As the C.H. installation was the only R.D.F. 
equipment then designed which had given any appreciable range of detection, 
the lack of low cover was an extremely serious matter. 

Operations and Filter Rooms 

In addition to the faults originating from the R.D.F. stations, errors were 
also made in filtering. Some filterers allowed their preconceived ideas on the 
direction the tracks would take to bias their translations of the R.D.F. plots, 
which resulted in wrong interpretations of accurate information. When such 
errors in filtering became realised, they were often only corrected gradually, 
in order that a continuous track might be kept, and this delayed the receipt 
of new data in the Fighter Operations Rooms. The plotters performed their 
duties accurately, but their efficiency dropped noticeably towards the end of 
long shifts. ·On this account it was decided that the maximum length of time 
that fhey should work should be four-hour shifts. The Bawdsey Filter Room, 
which had been specially treated acoustically, was much quieter than were 
the normal Operations Rooms, and similar treatment was recommended for 
all Operations Rooms. 

The entire exercises were handicapped by bad weather conditions, causing 
an excessive amount of circling in the neutral _zones, since visibility was poor 
and the aircraft found difficulty in locating their land and sea marks.1 

Electrical storms p layed havoc with the ordinary radio communications, but 
these storms did not seriously affect the R.D.F. performance. 

Conclusions on the use of R.D.F.. 
As so many features of the exercises were new to the R.D.F. Chain, it was 

natural that its performance, though 1 ndicative of what . could be achieved, 
was rudimentary.2 The problem of the,_ way in which the R.D.F. Chain and 
Filter Room reached a saturation point in. dealing with a high density of raids 
was perhaps best appreciated by Bawdsey Research Station, who held that 
the best way of dealing with R.D.F. data during such periods had not been 
discovered. While Fighter Command and Air Ministry stressed the need for 
practising the existing system, the Research Station emphasised the need for 
operational research as distinct from operational training. 

In spite of its many teething troubles, however, the R.D.F. system can be 
said to have shown signs of its future capabilities. Its performance had won 
the approval of the Air Officer Commanding-in-Chief, Fighter Command, who 
was the chief "customer''. He considered that, for the first trial, the R.D.F. 
system had worked remarkably well. The intelligence system, which lacke_d 
experience, had not convinced the Air Ministry that it was ready to replace tbe 

1 Air Ministry File S.45848, Encl. 23A, para. 25, and Minute 13. 
i Ibid., Encl.' 23B, paras. 96-98. 
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system of continuous air patrols, but it had shown enough promise for their 
eventual replacement to be forecast. The final opinion was summed up by 
the Deputy Director of Operations (Home), Air Ministry, in his report on the 
exercises :-1. · 

' 1 (a) Although the conditions of this year's exercises led to standing 
patrols being adopted, it is considered that when all D /F and R.D.F. 
stations are completed, the standing patrols would not be needed, except 
for interception patrols when enemy raids were so numerous as to cause 
saturation on Group Operations tables. 

" (b) The artificial conditions caused by 'enemy bombers' setting out 
from within or near the defended area, and in many cases not going 
sufficiently far out to sea, led to difficulties and confusions which would 
not arise in actual warfare." 

1 Air Ministry File S .45848, Encl. 18A. 
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CHAPTER 4 

FINAL PREPARATION OF THE . HOME CHAIN 
FOR WAR 

The five~station chain had proved itself capable of prolonged operation 
during the 1938 Home Defence Exercises. At the beginning of September, 
when the Sudetenland problem became acute, the_ R.D.F. stations were brought 
into continuous operation. Between them, they afforded warning of aircraft 
at 10,000 feet to a distance of 80 miles from the coast between Suffolk and the 
South of Kent suffici_ent to provide warning of potential attacks on London 
and the Thames Estuary. But cover was also required for the north, in the 
;Lreas of Forth-Clyde, Tyne and Humber. The Main Chain sites being 
insufficiently advanced, the situation was met by the emergency erection of 
three mobile installations, which were under constroction for the overseas 
R.D.F. programme.1 On 16 September 1938 the Director of Operations and 
Iotelligence, Air Ministry, gave orders for the immediate completion of these 
mobile sets. Positions were found on two sites originally selected for Main 
Chain stations at Drone HiU (for the Forth-Clyde area) and West Beckham 
(for the Wash area). The third site was at Ravenscar (for the Tyne area), 
which, although it was not a Main Chain site, had been previously ear-m,arked 
as likely to give good early warning. 2 These sites were chosen for their height 
above sea-level, and it was hoped that the stations would provide warning of 
aircraft at 10,000 feet to a range of 60 miles. -

On 25 September the erection of the stations was begun by No. 2 Installation 
Unit, under the direction of an emergency Installation Group which had been 
formed at Bawdsey Re~earch Station under Mr. H. Dewhurst. Bawdsey's 
estimate for the erection of the stations, which comprised experimental hand­
made transmitters and receivers housed in wooden huts with aerials erected 
on 70~feet masts, was three weeks, with calibration taking a minimum of 
one week after the installation had been completed.3 T)1e buildings of the 
"Advance '' stations, as they were called, were erected between the Final 
Transmitter and Receiver sites in positions that a.voided the possibility of their 
interfering with future work on towers, buildings and roads. Air Ministry was 
responsible for the provision of the exchange telephone links and private wires 
to Operations Rooms, while Bawdsey provided the inter-communication 
system. 

Training of personnel at Bawdsey was intensified to meet the requirements 
of the new stations. There had been some slight controversy as to the ability 
of Service personnel as R.D.F. observers.about the time of the 1938 Air Exercises. 
Mr. Watson Watt and the Deputy Director of the Bawdsey Research Station 
decided on an investigation under Mr. E. C. Williams on the accuracy of the 
R.D.F. Stations and the ability of the operators.~ One outcome of this 

1 See Chapter 5 of this Volume. ~ Air Ministry File S.46200, Encl. 7 A. 

~ Ibid .. Encl. 25A. 
' 4·This was the forernoner of Ope-ratioual Research Sections. Mr. Rowe anq Squadron 

Leader R . G, Hart n;;;ide an infotrnal atraogement that .if war broke out a smaU group at 
scientists would remain in thesouth when fb.e Bawdsey Research personnel moved to Dundee, 
and form a Research Section at Headquarters, Fighter Command. That group became the 
first official Operatioual Research Section attached to a Roya.I Air Fo.rce establishment. 
So successful wa.s this del iberate application of the .-scieotilic method to the ape.rational -use 
of weapons that ;\ir Minii;try decided to set up Operational Research Sections very widely 
in the Royal Air Force during the summer of 1941. 
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operational research was an agreement that Royal Air Force personnel who had 
been observing for some two or three hours daily for a period of six months 
were even more competent operators than the scientists who, by comparison, 
lacked experience on tp,e observer side of R.D.F, operations. The technical 
establishment of each station con1.pri.sed one Signals Warrant Officer, three 
aircraftmen Wireless and. Electrical Mechanics, and three corporals and six air­
craftmen Wireless Operators. Of these,· the aircraftmen Wireless Operators 
could be picked from newly-trained ex-boy-entrants, but the Wireless and 
Electrical Mechanics needed to be tradesmen of some experience. 

By 6 October all three stations were completed and handed over to the 
Royal Air Force crews for continuous operation. Drone HiJl was capable of 
detecting aircraft at 7,000 feet at a distance of 60 miles out to sea, which would 
afford Edinburgh about 20 minutes warning of a raider flying at a speed of 
240 miles an hour.1 Ravenscar could detect aircraft at 10,000 feet at a distance 
of 80 miles, which would afford 30 minutes warning to the Middlesbrough­
Newcastle ai'ea; West Beckham, owing to its low height above sea-level, 
could not detect aircraft at 10,000 feet at ranges greater than 30 miles. ihe 
stations' facilities for height-reading were inadequate, and this substantially 
decreased their usefulness for jnterceptjon purposes ; but apart from small, 
local faults, their performance as early warning stations was satisfactory. FoC' 
the time being ·each station acted as its own Filter Centre, and it was proposed 
that the information should be passed to the local sectors. With the establish•­
ment of the Filter Room at Headquarters, Fighter Command, the new stations 
were connected normally to the Central Filter Room.2 

\Vhile the first three " Advance " stations were still being erected, it was 
decided that five other "Advance" stations should be instal'led.3 These were 
to be sited at Ventnor (Isle of Wight), Shotton (Yorkshire), Stenigot (Lincoln­
shire), High Street (Darsham, Suffolk) and Beachy Head. As the international 
crisis passed, however, it was decided to abandon the sites at Shotton and 
Beachy Head. At the other three, which were Final station sites for the 
Main Chain, aerial equipment,. temporary huts and emergency power supplies 
were provided. As the work of aerial erection was the most protracted part 
of bringing a station" on the air," these provisions ensured that any emergency 
could be quickly met by using the experimental mobile transmitters and receivers 
from the Bawdsey Research Station, at the expense of denuding that unit of 
its research resources. 

Transfer of Filter Room from Bawdsey to Fignter Command 
It had previously been decided in May 1938 that a new Fil.ter Room should 

be established at Headquarters, Fighter Command. During the Munich crisis, 
this new Filter Room was fitted out in the basement of the Headquarters at 
Bentley Priory. An operations table covering the central area was transferred 
from Bawdsey, and extensions to the north and south of the map were carried 
out by Fighter Command staff. A 54-pair telephone cable was laid from the new 
F ilter Room to the main distribution frame at Fighter Command, and telephone 
wiring arrangements were made so that the contemplated Main Chain of stations 
might be connected to the Filter Room. In October l938 these preparations 
were completed, and the new Filter Room at Bentley Priory took over the 

1 Air Ministry File S.46200, Encl. 52A. "Air Ministry File S.37237, Encl. 268A. 
3 Air Ministry Files S.4.2600 and S.42690. 
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duties of the Bawdsey Filter Room.1 It was manned by Service personnel 
who had previously been·,responsible for the practical development and practice 
in the art of filtering. 

AJ}ocation, of R.D.F. Frequencies 

The frequencies which were to be allocated to the C.H. Chain of stations were 
the subject of discussion between Bawdsey Research Station and the G.P.O. 
The G.P.O. were anxious for the R.D .F. stations to avoid interference ,with the 
Cross-Channel Ultra-Short-Wave service between Dover and Calais (75 and 
84 · 5 megacycles per second), the London Television service ( 44 • 78 and 
41 ·67 megacycles per second), and the proposed Birmingham television service.2 

It was advisable for 1:easons of security to avoid the use of the 27-30 megacycles 
per second frequency band used by radio amateurs. The Lorenz Approach 
:Beacons (30 to 40 megacycles per second) were another possible somce of 
interference, but it was felt that if necessary the frequencies of these beacons 
could be altered. In November 1938, Bawdsey Research Station propQsed that 
four frequencies in the band 25 to 52 megacycles per second should be allotted 
to each C.H. station. On 10 January 1939 a special meeting of the W /T Board 
was held, and the following four spot frequencies were allotted to the C.H. 
stations for use in peacetime: 22·69 megacycles per second (13 ·22 metres), 
27 ·00 megacycles per second (11 · 00 metres), 48 · 00 megacycles per second 
i6 ·2S m~tres) and 50 ·50 megacycies per second (5·94 metres).3 In peacetime. 
it would not be necessary for each C.H. station to operate on more t han one 
frequency. These allocations were subject to the following restrictions :-4 

(a) There should be 20 miles separation between any station using 
22 ·69 megacycles per second or 27 · 00 megacycles ·per second, and 
any Cable and Wireless Company's receiving station. 

(b) There should be no interference by stations using 48 ·00 megacycles 
per second and SO· 50 megacycles per second with peacetime television 
programmes. 

In March 1939 instructions were issued to Bawdsey to proceed with th~ 
design of aelial systems for the " Final " Chain on the basis of the following 
frequency schedule prepared for the stations by the Director of Communications 
Development :-5 

Stat-ion. No. 
Exmoor 18 
Prawle Point 14 
Ventnor 10 
Poling 08 
Pevensey 07 
Rye . . OS 
Dover 04 
Dunkirk 02 
Canewdon 22 
Great Bromley 24 
Bawdsey 26 
High Street . . 28 

1 Air Ministry .File S.4038, Encl. 6A. 
~ Ibid., Encl. 10A. 4 Ibid., Encl. 23A, 

Frequency in Megacycles per Second. 
22·69 27 ·00 48·00 50· 50 

47 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

? Air Ministry Fiie S.45502, Encl. 13A.. 
., Ibid., Encl. 25A. 



Frequency in Megacycles per Second. 
Station. No. 22-69 27·00 48·00 50·50 

Stoke Holy Cross 30 X 

West Beckham 32 X 

Stenigot 34 X 

Staxton Wold 36 . X 

Danby Beacon 38 X 

Ottercops Moss 40 X 

Drone Hill 42 X 

Douglas Wood 44 X 

Stonebav:en . . 46 X 

Kirk wall SO x 

By the outbreak of war eighteen of these stations had been erected, but each 
could operate only on one frequency, in the 27-22 megacycles per second band.1 

I , 
The Main Chain-Progress to the Outbreak of War 

Reference has been made to the " Intennediate " and Main or 11 Final '' · 
Chains ; that is, the five-station chai~ and the twenty-station chain originally 
proposed, and also to " Advance" stations. Roughly it may be said that the 
"Intermediate" Chain consisted of "Intermediate" stations destined to be 
·enlarged to " Final " stations, whilst the remaining stations needed to complete 
the Main or "Final" Chain would be erected directly in the " Final" fonn. 
The " Advance " stations were mobile stations originally designed for overseas 
use but hastily erected at the time of the Munich Crisis to reinforce the 
" Intermediate " Chain. A brief description of each type of station is given 
below. · · 

.The "Advance" Type. or A .C.H. Station 
The equipment was housed in wooden huts and its aerials were mounted on 

i:wo 70-foot, oi· in some cases 90-foot, towers. The receiver tower carried a 
single pair of crossed dipoles for direction-findiqg. The transmitting tower 
carried a. single dipole and a reflector for sense-.fin.diog. The radio equipment 
was experimental in the earlier A.C.H. stations and later a typeM.B.1 transmitter 
was used, Power was provided by a 9 kva. Meadows generator. 'These 
st.1.tions could only operate on one frequency and could not measure height. 

The "Interm,ediate" Type Station (I.C.H.) 
The I.C.H. station consisted of R.D.F. equipment housed in wooden huts. 

Its aerials were erected on 240-foot towers ; the receiver towe.r carried a single 
pair of crossed dipoles with a reflector, and a single height dipole with a reflector 
at 80 feet, while the transmitter tower carried a three element array with a 
single curtain reflector. The equipment used was experimental, or in the case 
of later stations, an MBl transmitter with an R.F.5 receiver. The station 
operated on one frequency only. Power was obtained from the mains, with a · 
standby power supply of 7 kifowatts. ' 

The "Final " C.H. Station 
The "Final" C.H. station consisted of equipment housed in protected 

buildings. The transmitter aerials were erected on 350-foot steel towers, and 
carried a six-element array. The receiver aerials were erected on 240-foot 

1 Air Min.istry File S.45502, Encl. 33A. 
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wooden towers, and carried a double stack of crossed dipoles with reflectors, 
and a s.ingle height dipole with a reflector at 80 feet. Each of the first twenty 
stations was equipped with two C.H . type transmitters, while the lat~r stations 
of the Chain Overseas (C.O.) pattern were equipped with MB2 transmitters. 
Each station was equipped with two RF6 receivers, and was designed to be 
operational on any of four frequencies. The RF6 receiver was provided with 
anti-jamming devices. Power was obtained from the mains, with a standby 
power supply of 75 kilowatts. 

The Accelerated Programme 

It will be remembered that the existing five I.C.H. stations were brought into 
continuous operation for the Mt1nich crisis, and that three A.C.H. stations were 
rushed up to cover the vulnerable areas of Forth, Tyne-Tees and Humber. 

1Further measures were taken for a chain of thirteen stations to be provided in 
the event of a similar emergency, but at the expense of the Bawdsey research 
programme. It is true that in June 1938 two further sites had been chosen at 
the northern end of the Chain, stretching it from the Scottish border to Dundee.\ 
Moreover, the Air Staff had agreed early in September to extend R.D.F. cover 
westward from the Isle of Wight to Start Point, but when the crisis arose no . 
action was taken to obtain this extension.2 It was evident, however, that more · 
permanent measures needed to be adopted in order to be ready for the next 
political crisis. A meeting was therefore called by the Deputy Chief of the 
Air Staff on 6 October 1938 where it was agreed " T hat the R.D.F. Chain be 
hastened so as to be completed by 1 April 1939."3 

From August 1937, when the Air Staff decision was taken to erect the Chain · 
of stations, to the Munich crisis in September 1938, the time had been spent 
in the acquisition of the necessary sites and the erection on those sites of wooden 
towers. At no station had any steel towers been erected, and technical 
apparatus had been installed only at the five !.C.H. and three A.G. H. stations 
operational during the crisis. At the time of the meeting on 6 October 1938, 
the building of wooden towers at the sixteen sites originally chosen was far from 
complete. Three sites had fonr towers completed and one site. had three. At 
none of the remaining sites had more than one wooden tower been completed, 
though eigh t towers were in course of erection. Four sites had no towers 
erected and two of the sites bad not yet been acquired .4 

It was apparent that if all the stations were to be erected by 1 April 1939, 
drastic measures would have to be taken. These were :-5 

(a) That negotiations with landowners for acquiring sites should cease and 
compulsory powers of acquisition should be immediately applied. 

(b) That manufacturers of steel masts should work 24-hours a day for 
seven days a week, both in the shops and rn erecting the masts. 

(c) That manufacturers of wooden masts should increase their output, in 
order to provide an extra number of wooden masts equivalent to the · 
number by which steel masts fell short of requirement. 

(d) That contractors of technical and electrical equipment should work to 
maximum output on a 24-hour day, seven-day week basis. 

1 Air Ministry F ile S.42747, Minute 49. 
1 Air Ministry File S.412:t,r,Errcl. SS/\, 6 1A. and Mfoutes 57 and 59. 
• Tbid., Encl. 62A and Minute 63. • Air Ministry File S.45174, Encl. 13A, 
• Ajr Ministry File S.41234, Encl. 62A .. 
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(e) That there shottld be no delay in obtaining financial sanction for the 
various works required, and in particular for the necessary Works 
Services involved. It would have to be accepted as a principle that 
the needs of security out-weighed financial considerations where 
R.D.F. was concerned. 

If these conditions were fulfilled, it was thought possible to have a chain of 
e ighteen stations. operating on a semi-permanent basis, including the completion 
of the buildings, the partial completion of the total number of masts required, 
and the installation of the necessary receivers and transmitt.ers.1 In addition, 
i.t was thought possible to complete any two stations in the East Anglian salient 
to their final design, with all buildings completed, total number of masts erected 
and all necessary machinery installed. Action was immediately taken to bring 
the essential conditions into effect, and contracts were placed for six emergency 
transmitters, Type MB, and twelve emergency receivers, Type RFS. 

By 15 October, Mr. Watson Watt (at that time Director of Communications 
Development) was able to define the emergency provision. He said that the 
stations would be limited to working on a single frequency without duplication 
of transmitter or receiver units, and with very restricted spares.2 It was­
probable that not less than six of the stations would have full-powered trans­
mitters, Type CH, made by Metropolitan Vickers ; the remainder would ha,ve 
mobile transmitters, Type MB, made by the same fmn, or emergency transmitters 
manufactured at Bawdsey. The stations would be incompletely calibrated for 
direction-finding and height-finding, but calibration would proceed continuously 
as far as weather permitted. He considered that it would be necessary to 
accelerate the programme of provisiQn of telephone lines to the Chain Stations, 
and to expand the training programme i:o provide for tbe considerable increase 
in personnel requirements. It would also be necessary to strengthen D.C.D. 
headquarters staff, Bawdsey Research Station staff for technical supervision of 
chain provision, and No. 2 Installation -Unit staff for the fitting of stations. 
In November I 938, it was decided that in view of the lack of manpower available 
for erecting and lining-up stations, and in order to avoid interference with 
contractors working on the buildings for the " Final " programme, the 
" Intermediate " programme should be extended to embrace' layouts of tem­
porary wooden huts on the recei:ver sites, the layouts to be clear of the "Final" 
layouts.3 This was held to be the best method of securing an " Intermediate '' 
Chain by 1 April 1939, despite the extra cost thus involved at each of the 
outstanding eight stations. 

It was essential in the interests of research, that the whole responsibility of 
the new programme should not fall upon Bawdsey. The installation of stations 
was therefore taken over completely by No. 2 Installation Unit, Bawdsey 
pl'Oviding all the necessary drawings, sketches, instructions and materials to 
enable the unit wo:-king parties to proceed. 4 While the first stations were 
erected, Bawdsey provided assistance from its technical staff to train the 
No. 2 J.U. foremen. It was also Bawdsey's responsibility to provide scientific 
personnel imrneruately after the delivery of transmitters and receivers for 
testing the apparatus, lining-up the aerials, and for final calibration. 5 In 

1· The sites of these stations are 'Shown on Map No. 1. 
~ Air Ministry File S.41234, Encl. 64A. ~ Air Ministry File S.47412, E ncl. 3A . 
4 Air.Ministry File S.46200, Encl 63A . • Air Ministry File S.47412, Encls. 23c and 3. 
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Dec~mber; to .ineet this responsibility; a new group was formed at Bawdsey 
under Mr. H. Dewhurst, consisting ·ot seventeen of the staff previously engaged 
on research. It was this group which became the Base Maintenance Head­
.quarters, and later formed the nucleus of Headquarters, No. 60 Signals Group, 
·Royal Air Force. At the same time, the nucleus of a D.C.D. headquarters 
group was formed for the control of R.D.F. development.1 This was known 
as RDC3, and later, on expansion, as RDC4. 

Financial sanction for the !.C.H. programme was obtained on 14 November 
'l938. Such was the urgency of the programme that no delays were admissible, 
and where these might have been caused by the normal process of tendering 
for contracts, sanction Was obtained from the Permanent Under-Secretary of 
State to dispense with the norma1 process and for contracts to be placed direct 
with the manufacturers.2 Work had been put in hand before the sanction had 
actually been obtained, and by December, the following progress was forecast 
for the end of February 1939 :-3 

(a) The erection of two wooden towers on each site. 
(b) The erection of all necessary buildings. 
(c) The erection of two 350-foot towers at Bawdsey, Canewdon and West 

Beckham. 
(d) The availability of ~ll essential .mechanical and electrical supplies. 

The urgency of the programme had forced the schedule of construction to 
be made without any margin for delays due to bad weather, unusual sickness 
among workmen, and other sttch factors, and when at t.he beginning of 
December severe Weather conditions set in, the erection of wooden towers 
began to drop behind schedule. It was not surprising that contractors found 
'great difficulty in inducing their men to work on the high timber structures 
during periods of strong wind and ve1y cold weather. This delay in the erection 
of the masts threw the entire installation programme into jeopardy, since the 
installation of equipment and aerials was scheduled to follow the completion 
of the masts. The Superintendent of Bawdsey, in a strong protest to the 
Director of Communications Development stated that if it were not possible 
for the towers and huts to be provided by the dates specified in the schedule, 
it would not be possible for the Chain to be completed by 1 April 1939. He 
.submitted that the effort being put into the erection of the masts did not seem 
to be commensurate with the sacrifices in research made by Bawdsey. This 
protest had the desired effect of accelerating the works progi-amme, but by 
January 1939, there were still many sites where two towers had not been erected. 

Conditions at some of the sites made constructiona1 work extremely difficult.4 

At Ottercops Moss, the highest and most exposed site on the Chain, the weather 
since October had been so severe that constructional work had been imprac­
ticable. The greater part of the site was described as " a useless bog in which 
no satisfactory foundations could be found at a depth of 25 feet." Even the 
sites in Southern England presented difficulties. Rye was on a marsh exposed 
to high wind, and the general subsoil water was only a foot below surface level. 
The whole of the Pevensey site was under water, and the buildings were sited 
on silt subsoil. Their fow1dations had therefore to be taken 8· or 9 feet below 
ground level, the floor raised 18 inches, and continuous pumping was necessary 
to keep the trenches clear of water and running silt. To minimise the effects 

t A.ir Ministry File S.4038, Encl. 6>.. 
3 Ibid . . Encl . 21A. 
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created by the delayed erection of towers, departures from the scheduled order of 
installation were made. The Officer Commanding No. 2 LU. installed.ground 
R.D.F. equipment separately at sites where two towers did not exist, leaving 
the aerial installations to be completed when such towers became available, 
and the Bawdsey Research Station ·directed its first installation efforts to the 
four stations where two towers existed and aerial equipment had already been 
:fitted. 

By the end of January 1939, two stations (Ventnor and West Beckham) 
in addition to the five Thames Estuary stations had reached an operational 
stage as "Intermediate" Stations.1 By the end of February, two more were 
ready for operation, and by 1 April, the target date for the completion of the 
progrnmme, all but two of the stations were completed. The Chain therefore 
comprised sixteen I.C.H. stations, and the one A.C.H. station remaining at 
Ravenscar. At the remaining two I.C.H. sites, Ottercops Moss and Rye, the 
receiver towers were not completed, although all other apparatus had been 
installed. Consequently it was not until the end of May that the Offi.cer 
Commanding No. 2 I.U. was able to :report that all stations were capable of 
operation, and had been handed over to their Royal Air Force crews. 

" Gap-Filling " Modifications 

During the process of jnstal)ation, another commitment had been given to 
o. 2 I.U. Since the earliest trials of R.D.F. it had been anticipated by the 

scientists that responses of uniform strength would not be received from 
ai rcrait in every position within range of a R.D.F. station. The cause of this 
variation of echo strength was the fact that the field of transmitted radiation 
from the R.D.F. station did not spread evenly at all angles of elevation, but 
varied. The varjation was caused by a ·combination of the energy directly 
transmitted from the station aerials with the energy transmitted from the 
aerials and then reflected by the surface of the ground. The resulting field 
fell into regular regions of strong transmission and regions of zero transmission. 
The regions where the station was transmitting no energy were known as 
" gaps," and the regions where the energy was strong enough to return a 
recognisabJe response to the receiver were known as " lobes." Each gap was 
separated from the gap above and below it by the same number of degrees of 
elevation. The angle by which the gaps were separated was decided by two 
factors-the frequency of the station and the height of the aerials above the 
earth's surface. The conditions that governed the transmitter field also 
governed the receiver field, which consisted similarly of gaps and lobes. 

As a result of the gaps described above in R.D.F. cover, the resp,onse given 
by an aircraft flying a steady course would periodic.ally disappear from a 
station's receiver, reappearing again as the aircraft flew into the region of 
the next lobe. The disappearance of an aircraft on the instrument at one station 
was often unimportant, however, because the filter room would receive plots 
of the aircraft from a neighbouring station whose lobes covered the gaps of 
the first station. But when the Chain stations began to be used as experimental 
ground control stations of fighter interception aircraft, the fading became a 
,serious difficulty. In the autumn of 1938 it became essential to find some 
method of filling the gaps.2 The position of the lobes and gaps being dependent 

1 Air Ministry File S.451 74, Encls. 30:e and 3413. 
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on frequency and aerial height, it was necessary to find a way of varying one 
of these. In practice the frequency was retained and additional aerials were 
provided in such positions that they radiated lobes and gaps at different angles 
of elevation from those transmitted by the main array. In February 1939 
instructions were issued for the fitting of au additional dipole aerlal and reflector 
at all transmitters, permanently connected to the transmission line, and for 
the lower height receiver aerial to be rearranged as a crossed dipole, with an 
additional transmission line. This work ensured that the transmitter " gap◄ 
filler" was continuously radiating at ii quarter of the strength of the main 
transmitter; while the receiver "gap-filler,'' which became known as the 
"B II System, could be switched into operation when it was needed, without 
prejudice to the height-finding facility of the station. Work on the 
installation of the " gap-filling " equipment was begun while the main 
installation prograrn:rne was still in progress, and by the middle of August 1939 
a,11 the stations of the Chain had been fitted with the new aerials.1 The 
alterations were an improvement but did not give entirely satisfactory results, 
a.nd eventually the transmitter " gap-filler" was also controlled by the switch 
on the receiver, so that when it was brought into operation it could radiate 
the full power of the transmitter,. 

Defence of R.D.F. Stations • 
In October 1938, the policy for the passive defence of R.D.F. stations 

was :- 2 

(a) Technical buildings sh~mld be separated as far as was practicable. 
(b) All technical buildings should be protected against a direct hit with 

a 25-pound bomb, made gasproof, and protected by revetments 
against the effect of blast and splinters. 

(c) W/T towers should be multiplied, in order to provide facilities for 
quick change of transmitting and receiving frequencies, as a protection 
against jamming and damage to or destruction of one or two masts. 

(d) The transmitter and receiver installations should be duplicated, and 
. separate buildings should be provided for the transmitters and the 
receivers. 

(e) Personnel not on duty should be accommodated in a camp sufficiently 
far from the RD.F. station to form a separate target. Where 
possible, this small camp should be placed in natural cover, such as 
that given by trees. o action was to be taken to establish these 
camps in peace-time, but sites were to . be ear◄marked. On the 
outbreak of war, personnel would be accommodated in camouflaged 
tents, which would later be replaced by hutment'$. 

1t was decided in .October 1938, that tbe R.D.F. equipment would not be 
buried deep underground. The advantages gained by doing so were slight 
in comparison with the technical disadvantages which would be involved. It 
was thought that R.D.F. stations offered a target which could only be attacked 
with success by low-flying aircraft, and to such aircraft the high masts would 
offer a co11siderable deterrent.3 As the small sites were unsuitable for night 
attacks, it was expected that attacks would be limited to daylight hours, when 
the attacking aircraft could be intercepted.4 One of the best methods of 

1 Air Ministry File S.45l 74, Encl. 45a. ~ Air Ministry File S.41234,- Encl. 62A, 
3 Ibid. • See Parts 2 and 5 of Volume. V for the interception technique. 
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assuring the defence of the R.D.F. stations, therefore, was to develop : the· 
interception technfque to a point where hostile aircraft could be intercepted, 
either at the coast or while they were still out to_sea. It was agreed, however, 
that each station should be provided with eight machine guns, and should 
ultimately be provided with two-pounder porn-porn defences, and all R.D.F. 
stations were scheduled as Royal A-ir Force vital points. 

Maintenance Organisatioo 
. During the time occupied by the c;:onstruction of the I.C.H. Chain, the 

maintenance organisation which had grown with the original five stations 
continued. Spares for the equipment were requisitioned by Bawdsey Research 
Station, who stored them at Bawdsey Manor, and issued them to the stations, 
as required.~ When breakdowns occun-ed wh ich were beyond the scope of the 
station personnel, assistance was sent from Bawdsey to deal with the faults . 
With the ex.pansion of· the R.D,F. Chain and its continuous employment, i_t 
was clear that a new scheme of maintenance responsibility was needed. R.D.F. 
commitments of the Bawdsey Research Station, both for home and overseas 
use, were increasi-ng -rapidly, and the accommodation at Bawdsey Mano.r was 
too small to house the quantity of spares needed by the continuously operating 
Chain of ninet;en stations. Breakdowns on stations distant from Bawdsey 
were liable to be prolonged while assistance was on its way; and the sending of 
such assistance might interfere with the research programme. 

At a meeting on 14 April 1939 it was suggested that the Directorate of 
Equipment, Air Ministry, should assume the r~sponsibility for the supply of 
spares, which could then be stored at the appropriate Maintenance Units. 
The Director of Equipment was unwilling to accept this responsibility, as so 
much of the I .C.H. Chain, which might. have to remain operational for a period 
of two years before it was re,placed by the " Final " equipment, had been 
assembled at Bawdsey from non-standard components. It was therefore 
decided as an interim measure , that the D.C.D. department RDC•1 should 
assume the responsibility for the supply of stores. Bawdsey undertook to 
compile a schedule of the I.C.H. components, which would enable the Director 
of Equipment to accept the commitment as soon as possible. It was decided 
that each R.D.F, station should itself hold 100 per cent. supply of consumable 
spares, and that adequate supplies of other essential stores should be held at 
three suitably-located R.D.F. stations. It was also decided that a maintenance 
party should be established in a convenient position, from where it could be 
rushed to any R.D.F. station in need of its services. It was to cover three 
fields, and comprise- · 

(a) Transmitter and Rece·ive·r Maintenance 
1 Scientific Officer. 
2 Technical Officers. 
3 Technical Assistants, Grade II or III. 

(b) Aerial JJ,[aintenance 
1 Technical Officer. 
2 Assistants, Grade II or III. 

(c) Commimications Maintenan-ce 
1 Technical Officer. 
2 Assistants, Grade III. 

1 Air Ministry File S.2286, El:1cl. IA. 
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The part:y w.as formed at Bawdsey, coming under the authority of the Director 
of Co!J}.munications Development, and became know.n as the Base Maintenance 
Headquarters. It was decided to establish subordinate sections at three 
R.D.F. stations selected to house essential spares. These were known as 
.Technical Maintenance Sections, and were the forerunners both of the later 
Radio Servicing Sections, and eventually the Royal Air Force · Signals Wings 
of No. 60 Group. 

The three technical Maintenance Sections were located as follows :-

Section. 
Southern .. 

Eastern 
N'orthern 

Area.. 
Isle of Wight to Thames .. 

Thames to Wash 
North of Wash 

Distr£bution. 
Aer:ial parties and technical stores 

at R.A.F. Station, Hawkinge. 
Transmitter and receiver parties 
at Pevensey. 

Complete section at Bawdsey. 
Aerial parties and technical stores 

at R.A.F. Station, Driffield. 
Transmitter and receiver parties 
at Staxton Wold. 

These sections operated unchanged until September 1939, when the expansion 
of the chain to the north made the Northern Section too large and unwieldy 
an area. By that time Bawdsey Research Section had been renamed Air 
Ministry Research Establishment (A.M.R.E.) and transferred to Dundee, and 
a fourth technical maintenance section was formed there, which became 
responsible for the stations between the Forth and the Shetlands. The original 
Northern Section then became known as the North-Eastern Section, the new 
one becoming the Northern Section. 

The maintenance system finally evolved, therefore, was that all technical 
stores were supplied through Base Maintenance Headquarters, who demanded 
the stores from -D.C.D. and could also, when necessary, buy the non-standard 
items direct from civilian firms by local purchase order.1 This local purchase 
power was increased, in August 1939, to an allowance of £ 100 for a single 
order· within a limit of £1,000 a month, for the maintenance of the Chain. 
The raising of contracts to the firms was carried out by the Director of Equip­
ment, Air Ministry, as requested by Air Ministry Research Establishment. 

It had been realised that .Bawdsey, with its exposed position, conspicuous 
towers, and continuously radiated signals, would, in time of war, offer a very 
likely target for air attack and it was inadvisable for the Research Station 
and the :Base Maintenance B:eadquarters to remain there. As already stated 
\ site was found for the Research Station near Dundee, but the Base 
Maintenance Headquarters needed a more centralised position. Tn June 1939 
accommodation was found at Carlton Lodge, Leighton Buzzard. On 
l September 1939 the evacuation of the Research Station to Dundee, and of 
the Base Maintenance Headquarters to Carlton Lodge was effected. 

Traiuing of Penonnel 
As the I.C.H. stations became operational, the problem of providing trained 

crews to man them became an urgent one. In August 1938 the Air Ministry 
had accepted the responsibility for recruiting and training personnel for the 

1 _Air Ministry File S.4038, Encl. 6A. 
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C.H. Chain, for the mobile ground equipment used by the Army and the Royal 
Air Force, and for R.D.F. apparatus used in Royal Air Force aircraft.1 In 
addition, it had undertaken to train a limited number of jnstmctors to assist 
the. training programmes- of the Admiralty .and the War Office. Bawdsey 
Research Station housed the only R.D.F. training facilities in the Royal Air 
Force, and even these were very limited. When, in September 1938, training 
was accelerated to provide crews for the five !.C.H. and ,three emergency 
A.C.H. stations, the largest number of trainees which could be accepted at 
one time was 11 Wireless Operator Mechanics for maintenance duties and 
9 Wireless · Operators for operating duties. To ,bring the personnel of the 
eight stations to full establishment, which necessitated the training of 
2 Senior N.C.O. Mechanics, 3 Corporal Mechanics, 13 Aircraftmen Mechanics, 
9 Corporal Operators and 27 Aircraftmen Operators, training at Bawdsey had 
been greatly speeded up ; but the accelerated installation programme continued 
to keep ahead of the training programme. 

The wartime establishment of an R.D.F. station was :-2 

1 Warrant Officer, in charge. 
3 Wireless Operator Mechanics, maintenance. 
3 Corporal Wireless Operators, i/c watches. 
6 Wireless Operators, watchkeepers. 

The requirement of trained personnel to man tbe home chain of nineteen 
stations, and three mobile stations for the overseas programme, was 286 men ; 
and, with the provision of 50 per cent . reserve, the total number of men required 
was 429. 

In November 1938, it was suggested that an R.D.F. school capable of 
training fifty operators at a time should be established with eight receivers 
incorporating training devices, and a staft" of nine instructors. The site was 
selected for it at the Royal Air Force station at Tangmere.3 Building was 
begun, and it was hoped that the schoo1 would be ready by Jw1e 1939. The 
length of the course was two months ; so the earliest output of fifty operators 
could not be expected before August 1939. An interim programme was 
therefore evolved.4 Two sets of six instructors were trained at Bawdsey, and 
distributed among the operational stations of the Chain. Training attach­
ments, manufactured at Bawdsey, were provided for the receivers of these 
stations, and the instructors were able to train two crews of operators each 
in three. months. The training of the mechanics was more difficult, as the 
apparatus at the stations, being in continuous use, was not often available 
for demonstrations of servicing and repair. 

By the beginning of 19391 it became apparent that requirements for R.D.F.• 
personnel for both ground and airborne equipment at home and abroad would 
be very great. By Apri l 1939, the total possible requirements had risen to :-

Operators : 
For the Home Chain and Overseas programme 876 
For Airborne R.D.F. 600 

Mechanics: 
For the Home Chain and Overseas programme 389 

! Air Ministry File. S.3910, Encl. 162A. 
9 Air Ministry File S.39100, Encl. 192A. 
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The training facilities of the proposed school at Tangmere would obviously 
be too small to deal with these requirements and the Director of Training, Air 
Ministry, was asked to provide a larger school. In the meantime, it was 
decided to train six operators at each of the 19 Chain stations, which would 
yield an output of 114 men every six weeks.1 Approval was sought for an 
instructor to be established at each station, who·, in addition to training the· 
operators, would also try to train six mechanics every three months. For 
this programme, each of the stations would need an extra receiver and a 
training attachment. It was decided also that selected reservists should be 
sent for training to the I.C.I:l. station. The employment of women as R.D.F. 
operators was considered, as it had already been decided that women could · 
be employed as plotters. Mr. Watson. Watt (D.C.D.) had expressed the . 
opinion in February 1937 that they might make better operators than men, 

· but at Air Ministry it was considered that it was not known how women would 
react if flustered by heavy air activity. In June 193f), a site for the large . 
t\"ai11ing school required was selected at the Royal Ail' Force station at 
Yatesbury, in Wiltshife.2 This school was to be capable of training courses 
of 126 operators on a one-shift basis, or 252 operators on a two-shift basis, 
and 126 mechanics. 

Administration of R.D.F. Stations 
Personnel for the manning of the stations were drawn from the trades of 

Wireless Operator and Wireless Operator Mechanic, as no R.D.F_ trade 
existed,3 At :first, these men remained on the strengths of their original stations, 
and were expected to be returned to these stations at the end of their R.D.F. 
training. But in Ocfober i938', it was decided to absorb them into the 
permanent R.D.F. organisation, and withdraw them from their parent units. 
As they remained in their original trades, however, it was necessary to provide 
training not only in R.D.F. but in the normal wireless operating technique. 

When R.D.F. stations were first taken over by the Royal Air Force, Fighter 
CommaTid was generally responsible for their administration and each station 
was administered by the nearest Fighter Command station ; personnel were 
based on this parent unit.4 In times of emergency, it was necessary for R.D.F. 
stations to be manned continuously, and the personnel were then billeted in the 
local villages. Normally, it was possible for one crew to man the R.D.F. 
station, leaving the other two crews at the parent unit, where they were available 
for training in their basic trades. No definite ruling had been made on the 
du,ration of time for which they would remain on R.D.F. duties. In November 
1938, Fighter Command suggested that the system should be altered. 6 Some of 
the R.D.F. stations were at great distances from their parent units, West 
Beckham, for example, being 70 miles away from Wittering, and this made 
administration difficult. Fighter Command proposed that the · responsibility 
for the administration of the R.D.F. stations should be transferred to their 
nearest Royal Air Force stations, irrespective of the Commands in which these 

0stations were. A 1ist of the proposed pare11t units. was prepared, which included 
stations of all the three operational Commands, but avoided where possible the 
allocation of more tban one R.D.F. station to each parent unit. 6 This proposal 
and the suggested distribution were accepted by the Air Ministry. To preserve 

1 Air Ministry File S.39l00, Encl. 199A. "Air Ministry File S.48327. Minute 33. 
3 Air Ministry F ile S.39100, Minute 28. 

• Air Mi11istry File S.43697, Minute 38. ~ Ibid., Encl. 63A. • Ibid., Encl. 66;1,. 
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secrecy the stations were described as "Air Ministry Experimental Stations" 
(A.M.E.S.). Although the new allocation was more convenient geographically 
than the old one had been, the change contained the seed of future confusion,­
as the R.D.F. stations now came under any one of three different administrative 
systems. The R.D.F. stations were secret, entry to them by the parent unit was 
restricted to the commanding officers of the stations, and few of the adminis­
trative officers were familiaT with them:. In some cases, the parent units had 
no operational association with their R.D.F. stations, and some of them 
displayed very little interest in their affairs." 

In November 1938, a design was approved for the small camps which were to 
be the living quarters of the R.D.F_ stations, and the establishment was increased 
,to include a cook, an aircrafthand assistant cook and cleaner, an aircrafthand 
N.C.O. to assist the warrant officer in .charge, and an aircraftman c1erk.1 

Chain Operations (1939) prior to the Outbreak of W ar2 

In March 1939, a new state of tension arose in Europe. German troops moved 
into Czechoslovakia. Fighter Command was given the responsibility o'f ensuring 
that Britain would not be surprised by air attack delivered before a formal 
declaration of war. Guns and searchlights were brought to prepared positions 
in the inner artillery zone ; the Air Raid Warning system was made ready to 
be put into action at immediate notice ; skeleton crews were brought into the 
Operntions Rooms -and the essential telephone Jines were taken over from the 
G.P.0. 3 In April the R.D .F. Chain was blought into continuous operation. 
Fighter Command, with an Operations Table depicting the aerial activity over 
and around an the watc11ed areas of the British Isles, was the authority best 
suited to issue the National Air Raid Warnings. Authority was vested in .the 
Air Officer Commanding-in-Chief, Fighter Command, therefore, to issue an 
initial warning in the event of a hostile formation crossing the three-mile sea 
boundary of fhe British coast with the obvious intention of flying inlap.d. 

The Air Officer Commanding was also given the authority to intercept and 
engage the :first raiders as soon as they had crossed the international boundary, 
and to intercept subsequent formations without regard to the limit of territorial 
waters.4 He could also order action to be taken by the anti-aircraft gun 
defences. In order that such formations could be easily identified as hostile 
raiders, it was arranged between the three Services that prior notification 
should be given to Fighter Command of any friendly formation of six or more 
aircraft by day or of any number of single aircraft by night, flying within 
120 miles of the coast between Saint Abb's Heid to Dover. This area was 
modified in June to include the coast between the Humber and Dover. At 
the beginning of June, German aircraft began to operate jn the North Sea and 
the English Channel. These flights were officially assumed to be training 
flights, but as one of them covered the entire British coast from Wick to Selsey 
Bill. there was a strong appearance of reconnaissance.5 The aircraft did not, 
however, violate the territorial boundary, and consequently no offensive action & 

w~ taken -against them. Fighter Command, however, took the opportunity 
of testing and practising its interception system. 

1 Air l\1finistry File S.43697, Minute 74. 
• Detai ls of the equipment of the chain of nineteen stations as at the end of June 1939 

a.re shown at Appendix No. 56. 
3 Air Ministry File C.S.1033. Encls . 1A and 4A . 
·•Ibid., Eacls. 4B, 10A aad B. • Ibid. , Eacls. BA , 2 l,1. , 23A. 
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The LC.H. Chain, so hurriedly installed, supplied the inlormation necessary 
for the Air Raid Warning System, but in its existing state was not able to provide 
the accuracy and reliability required for interception purposes, and the 
continuous watch was a serious strain on the appa,ratus. By the end of June 
1939 it was obvious that certain essential modifications and maintenance 
would have to be carried out on the stations if they were to continue to provide 
efficient early warning cover, md to reach a state of full war prepar{)dness. 
They were required by the Air Staff to reach such a state by 7 August 1939. 
On 26 June the Superintendent of Bawdsey Research Station W1dertook to 
complete by .August the following requirements stipulated by the Director of 
Communications Development :~1 

(a) The " Intermediate " Chain should be " cleaned up ". 
(b) Vertical gap fillers should be fitted and connected at eighteen stations. 
(c) Rough height-finding should be provided at all stations except Ventnor 

(whose site was technically unsuitable for height~finding). 

(d) D/F and height calibration should be done for all stations. 
(e) Anti-spark (the afterglow cathode ray tube) and anti-C.W. (the 

I.F.R.U.) shoul<l be fitted at all stations (except at two stations using 
old and unsuitable receivers). 2 

It was impossible for stations to remain operational while they were being 
serviced. The servicing programme was at variance-with the Fighter Command 
requirement that the whole chain of stations should be available during their 
Group exercises and the annual Home Defence Exercise, The servicing required 
would also interfere with the 24-hour watch system, To enable the work to 
be carried out, a compromise was effected. 3 Each R.D.F. statibn was paired 
with one of its neighbours, the programme being arranged so tbat one of each 
pair was always Operational while the other was being modified and serv:iced. 
The "cleaning-up" operations were begun on 22 June. Bad weather handi­
capped the work, but by 7 August ,the programme had been substantially 
fulfilled.4 AU of the stations had been overhauled, and the calibration of 
ten stations was the only outstanding commitment. -The performance of 
all stations was good, with the exception of Ottercops, wbose cover was considered 
insufficient. 

Formation of the Inter-Service Committee on R.D.F. (No-vemher 1938) 
The construction of the Early Warning Chain was the first operational 

R.D.F. commitment, but R.D.F. was beginning to develop applications in many 
other branches of the three Services. By the middle of 1938 these applications 
were so numerous that close co-ordination on R.D.F. research and development 
bec,-ame essential. It was, therefore,. d0cided to form an Inter-Service Committee 
for this purpose, with the following terms of reference :-6 

(a) To examine the progress of research and development on R.D.F. from 
the point of view of strategic and tactical applicatio11S. 

(b) To decide relative priorities in RD.F. research and development. 
- (c) To recommend to the Vice-Chiefs of Staffs relative priorities m 

application and production. 
------ ------------ ---

1 Air Ministry Hie S.47214, Encl. t57A. 
• An anti-jamming device which is described in Chapter 14. 
3 Air Ministry File S.47214. E ncl 148A, Minutes 150 and 151. 4 Ibid., Encls. 157A-c. 
~ Minutes of the htet-Service Committee on R.D.F ,--AHB/IIE/68. 
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(d) To recommend to the Vice-Chiefs oi Staffs provision for research, 
development and production in R.D.F. 

(e) To recommend to the Vice-Chiefs of Staffs the action required to 
avoid or mitigate mutual interference between R.D.F. and other 
organisations. 

(/) To arrange facilities for large-scale tactical trials and operational 
research work involving one or more of the Services. 

(g) T0 consider, and, if necessary, recommend to the Vice-Chiefs of Staffs 
submissions from Service R.D.F. Panels. 

It was proposed that the committee should have three panels, one for each 
Service, which would deal with detail work on the application of R.D.F. to 
the individual Service. The terms of reference of the panels were "To consider 
and report to the Inter-Service Committee on matters within the terms of 
reference of that body, predominantly affecting one Service." The first meeting 
of the Inter-Service Commit tee on R.D.F. was held on 2 November 1933, 
under the chairmanship of Air Vice-Marshal W. S. Douglas. 

Extensions to tbe Home Chain 
On 19 January 1939, the Deputy Chief of the Air Staff held a meeting to 

consider the extension of the R.D.F. Chain in the light of the .increase in the 
Fighter Force to a SO-Squadron basis.1 After closely considering suggestions 
made by the Air Ministry and Fighter Command, D.C.A.S. decided that the 
only extensions justified on the grounds of strategy were :-

(a) To extend the Northern flanR of the chain to Scapa, to give early 
warning of air attack on the Fleet, by the provision of two full-scale 
stations at I<irkwall and Stonehaven. · 

(b) To extend the Western flank pf the chain by two reduced-scale stations, 
one at Prawle Point to extend R.D.F. obserVatioos beyond Portland 
to cover the waters in which convoys would be passing, and to give 
warning of attack in the Bristol-South Wales industrial area from 
the South ; and the other at Exmoor, to extend the observation to 
the Bristol Channel, and to reinforce the cover of the Prawle Point 
station. (Reduced- cale stations operated with two instead of 
four frequencies, and though they gave the sai-ne performance as 
full-scale stations in plan location and height-finding, were thus a 
little more vulnerable to jamming. D.C.A.S. considered that, in 
view of the remote positions of the two stations , these disadvantages 
were acceptable.) · ' 

(c) To provide three mobile sets, as a reserve for sfla1ions damaged by 
attack, or to strengthen the chain at points of weakness. 

Treasury sanction was therefore sought and obtained for these· stations, and 
si.tes were chosen at 1etherbutton, near Kirk wall ; School Hill, near Stonehaven; 
West Pi:awle, near Plymouth : and Simonsbath on Exmoor. 2 

ln May 1939, the question of R.D.F. cover for the defence of the Forth- Clyde 
area, Birmingham, Liverpool, and Belfast was raised at an Air Ministry meeting 
called to discuss future R.D .F. requirements for the defence of Great Britain. 
The Air Officer Commanding-in-Chief, Fighter Command, pointed out that the 

1 Air Ministry File S.41234, Encl. 69A. 2 lbid., Minute .122 of 13 Jui. 1939. 
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Observer Corps areas of Lancaster and Carlisle were sparsely populated, and 
' communications there were poor.1 He believed that R.D.F. might give better 

results there than the Observer Corps. The Director of Communications · 
Development agreed with him, and suggested that a station should be placed 
on tl1e Isle of Man. Such a station would be capable of detecting aircraft over 
the sea at a height of 3,000 feet at a range of 60 miles, or, at a height of 10i000 feet 
at a range of more than 100 miles, although the mountainous nature of the 
North-Western coast of England and of the adjacent coast of Scotland would 
prevent detection far inland. Similarly, detection could not occur far inland· 
over Ireland, but Belfast would be covered. As the height indications of such 
a station would not be good, he proposed that a second station should be located 
at Stranraer, where plan location would be poor, but height-finding accurate. 

The R.D.F. cover for the rest of Britain was reviewed. It was d,ecided that 
the station at Simonsbath (Exmoor) was not likely to give the results that had 
previously been expected of it, in that its cover in the English Channel would 
not be good. It was therefore decided to abandon the station. This meant 
that a gap would exist between Ventnor and Prawle Point. - The Air Officer 
Commanding-in-Chief, Fighter Command, however, felt that small gaps in the 
screen were not greatly important, particularly at the western end of the Chain, 
as the enemy could be detected and probably intercepted before he had reached 
the gap. On the northern coast, another small gap existed at the approach 
lo the Moray Firth, bat it was considered improbable that the enemy would 
know of such a gap and be able to navigate through it. More concern was felt 
over the inability -to track raids over the Scottish Highlands ; but as it was 
considered technically impossible for R.D.F. to operate in mountainous <1.reas, 
and the area was too sparsely populated for an Observer Corps network to be 
organised, reliance had to be placed on seaward detection and -the local 
Forth-Clyde Observer Corps posts. The defence of Belfast presented an 
easier problem than did that of the defence of vital points elsewhere in Britain, 
as Belfast constituted the only likely target for enemy raids approaching 
Northern Irela.nd, and fighter aircraft would therefore know where to find the 
enemy. The result of the meeting was agreement to establish two full-scale 
Chain stations at Stranraer and the Isle of Man, with the following priority 
of provision :-

(a) The immediate establishment of an I.C.H. station at Slranraer. 
(b) The establishment of a full-scale C.H. station on the Isle of Man, 

following immediately upon the completion of Netherbutton to full 
&ak. . 

(c) Following upon the provision of the station on the Isle of Man, 
Stranraer to be built to full scale. 

Both the two new stations were to illuminate a full circle of 360°. It was 
also decided that the abandoning of the station at Simonsbath would necessitate 
the strengthening of the station at West Prawle, by the addition of a second 
line of shoot. 

Emergency Provision of R.D.F. Cover fo.r Scapa Flow (June 1939) 

When Treasury sanction had been obtained for the northern stations at 
Netherbuttonand Stonehaven, there had been no provision for their establishment 
in'' Advance'' or "IntermediaJe" form before they were erected as "Final " 

1 Air Ministry File S.41234, Eucl. 87A. 
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stations.i It was a matter of urgency that the Royal Naval base at Scapa should 
be given immediate R.D.F. cover, and it was decided to transfer the temporary 
station from Ravenscar to the Scapa site as soon as the Ottercops I .C.H. station 
was completed. The selected site for the Scapa station (Netherbutton) had 
not been finally purcha~ed, but authority was obtained for No. 2 Installation 
Unit to t.ransport the station by local contract and to take local contract action 
for the works side of the project.2 In order that the station might be erected 
in the shortest possible time, a new site was chosen. On 1 May 1939, Ravenscar 
was dismantled, and the equipment read1ed the Royal Naval Dockyard, 
Rosyth, by S May.3 Masts dismantled from Drone Hill were at the quayside 
at the same elate. It was hoped to erect at Netherbutton within a fortnight, 
when the station would immediately be put into continuous operation. The 
Officer Commanding No. 2 LU. arrived at Kirkwa.ll on I May. There, he had 
to mark ou't and agree with the local agent the boundaries of the proposed 
site, arrange for the work on the site such as excavations for tower foundations 
and the laying of concrete roads, arrange for the estimates to be accepted, 
interview G.P.O. officials for line terminations and ducts, and liaise with 
contractors for the transport of huts and towers from Stromness, before 
beginning the work of installing the equipment. It was due to this officer's 
drive that the installation was completed on 25 May. The Bawdsey installatio11 
party arrived on 23 May, and by the 26th, the RF2 receiver and tbe TMl 
transmitter had been installed and tested. The aerials and transmission lines 
were then erected and phased on a line-of-shoot of 130° and a test run was 
arranged for 1 June. During this test, a Blenheim aircraft flying at 8.000 feet 
was detected at a range of 60 miles when flying on the station's line-of-shoot, 
and at 30 miles when flying nearly 90° from the line-of-shoot, where the cover 
was weakest.4 The performance of the station was considered satisfactory, 
and Netherbutton was handed over to the Royal Arr Force on 2 June 1939. 

Decision to Equip the R.D.F. Chain with C.D. Apparatus for the Detection of 
low-flying Aircraft (August 1939) 

The inability of the C.H. stations to detect low-flying aircraft had early been 
realised, and this disadvantage had been thrown into prominence during the 
Home Defence Exercises of 1938. Air Ministry interest was therefore aroused 
wben the War Office R.D.F. equipment known as the C.D. set (Coastal Defence), 
which had been developed for the detection of ships from th,e shore, began to 
show signs that it couJd detect not only ships but also low-flying aircraft. 5 

The C.D. set had been under development by the War Office group at Bawdsey 
since 1936. It differed radically frorn the C.H. type of equipment in that, 
while the C.H. covered its illuminated ar.ea by " floodlight" and located the 
bearing of its target by means of radio goniometer, the C.D. covered jts" 
illuminated area by means of a sweeping radio " searchlight " beam. 6 The 
beam could be swung anywhere over the area, and -automatically registered the 
bearing of any target it illuminated. The narrow beam of the C.D. was achieved 
by the use of multiple aerial arrays. A bay of four full-wave aerials placed 
horizontally end-to-end gave a horizontally narrow beam ; while each bay 
consisted of a stack of four aerials one above the other, to give a vertically 
narrow beam. The resulting aerial array, consisting of a total of thirty-two 

'AirMiuistry File S.41234, Minute \22. 2 Air Ministry File S.47412,.Encl. 99 .... 
9 lbid., Encl. 117A. •. !hid. Encl. 132A. 6 Air Ministry File S.45843, Encl. 8A . 

• 6 Air. Minis.try File S.42928, Encl. '6s: 
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half-wave aeriaJs, was mounted on a frame which had to be rotated by hand. 
To make this possible, . the aerials, and therefore the wavelength of the C.D., 
had to be small, and a wavelength of less than two m~tres had been adopted. 
To obtain a, narrow beam it is essential that the aerial system shall be of large 
dimensions compared with the wavelength ·-used; _ thus a short wavelength 
allows a narrow beam without too bulky an aerial system . 
. The success of an R.D.F. system in detecting low-flying aircraft is dependent 
on its aerial system being a lai:ge number of wavelengths above the neighbouring 
land or sea to minimise the interference between the direct radiation from the 
aerial and its reflection by the surface of the earth. The lower cover of the 
C.D. was achieved by the employment of short wavelength, and the placing 
of the aerials at a great height from. the ground either by the use of fogh towers 
or by siting the station at the edge of a high cliff.l The development of the 
apparatus had been delayed because it was difficult to obtain valves capable 
of transmitting a high power on what was then considered a very short wave­
length. In view of this difficulty, the development of C.D. set had been placed 
on a lower priority than that of C.H. equipment which was giv:ing promising 
results. But research had not been abandoned, and the group of scientists 
working on the C.D. set were even then looking ahead to the time when the 
wavelengths used would be measured in centimetres rather than metres. 

Slow progress was made at first, but in June and July 1939, the Vvar Office 
scientists, working under Dr. Paris at Bawdsey, began to make considerable 
advances with tb.e apparatus. 2 It was named C.D.2, and, in addition to 
locating ships with great accuracy, located aircraft flying at 500 -feet at ranges 
up to twenty-five miles with far greater accuracy than could a C.H. Mr. Watson 
Watt recommended the placing of a C.D.2 at every C.H. station in the Chain. 
On the 3 August 1939, the Assistant Chief of the Air Staff agreed to this 
recommendation, and action was taken to obtain 24 C.D. sets for the Air 
Ministry.3 When modified for use against aircraft, the C.D. stations became 
known in the Royal Air Force as C.H.L (Chain Home Low-Cover) stations, 
and it is under this name that they are henceforth referred to in this narrative. 

Tb,e- Main Home Defonce Exercise 1939 

On 8 August 1939, the R.D.F. Chain participated in the annual Main Home 
-Defence Exercise.4 By that time, the R.D.F. stations and their Filter Room 
at Stanmore bad been in continuous operation long enough to have developed 
a standard procedure, and their perfonnance was very different from their 
experimental debut of 1938. The Exercise consisted of. the defence of a line 
from the Humber to the English Channel, and lasted for a period of three days. 
The R.D.F. system was in operation throughout this time. In his report on 
the Exercise, Air Chief Marshal Sir Hugh Dowding, A.O.C.-in-C., Fighter 
Command, commented :-

" The R.D.F. System worked e.xtremely well. The Bawdsey staff had 
made strenuous efforts to calibrate and overhaul all stations used in' the 
Exercise, and their work is much appreciated. The Filter Room at 
Command Headquarters worked well, and the system, although doubtless 
capable of improvement as the result of experience, may now be said to 
have settled down to an acceptable standard. 

'Air Miaist ,y File S.42928, Encl. 21-,1._ . 
• Minutes of th.e Inte.i::-Serv)ce Committee on R.D.F.-AH~/ITE/68. 
:i Air Ministry File S.1686, Minutes I , 4, 5, 14 and 20. 
• Air Ministry File S.1659, Encl. IOA. 
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"Two partial gaps were discovered in the R.D.F. screen, one north-east 
of the Norfolk coast and one south-west of Dover. 

"Members of the Bawdsey staff were in the Command Filter Room 
throughout the Exercise, and their report has been very helpful. Counting 
of numbers by R.D.F. was inconsistent throughout the Exercise. This 
will doubtless improve with training, but for the time being, R.D.F. can 
only be relied on to give a very rough indication of the strength of raids. 
The plotting in the Filter Room is capable of considerable improvement ; 
the " telling;" on the other hand, was excellent." 

The ineptitude of the plotter as compared with the other personnel was a 
feature noticeable in ·all the Operations Rooms.1 The Service plotters, who 
were drawn from the unskilled trade of Aircrafthand General Duties, were 
liabJe to reposting to aircrafthand duties at the end of their period of training, 
... ~hich tended to decrease their interest in plotting. The Volunteer Reserve 
plottei:s were better, but remote sectors were unable to recruit the full number 
of one and a half watches of Volunteer Reserve plotters. The Air Officer 
Commanding-in-Chief, Fighter Command, recommended that the aircraltbands 
who were trained as plotters should remain on plotting duties for a period of 
.fifteen months, three of which should be occupied by training, so that experience 
would improve their standard of plotting. 

A new R.D.F. feature of the Exercise was the fitting out of several types of 
bomber aircrnft with an automatic identification device. known as I.F.F. 
(Identification of Friend or Foe).2 This I.F.F. set, which was carried in th,e 
aircraH, contained a receiver sensitive to the C.H. frequencies, which, on the 
reception of a C.H. pulse, triggered a transmitter which sent back an amplified 
pulse to the receiver of the .H. station.3 Aircraft equipped with I.F.F. wer 
th11s recogni able at the C.H. stations by their frequent emission of this 
amplified pulse. The development of I.F.F. had been continued at Bawdsey 
concurrently with the other R.D.F. applications, and, by an effort on the part 
of the Bawdsey Research Staff, some of the bombers were equipped with I.F.F. 
sets in time for the Exercise. As it bad not been possible to carry out Service 
trials of the equipment, it was not surprising that technical failures occurred on 
a large scale ; but the Bawdsey staff were confident that these could easily be 
remedied. The performance of the identification device was sufficiently 
impressive to cause the Air Officer Commanding-in-Chief, Fighter Command , 
to forecast its eventual necessity to all friendly aircraft, and the Inter-Service 
Committee on RD.F. to. estimate a requirement of 24,800 sets for aircraft of 
the Royal Air Force and the French Air Force. 

1 Air Ministry File S.1659, Encl. 10A, para. 22, 
2 J.F.F . is dealt with folly ht Volume V, Part I. · 
3 Air Ministry File S.1659, Encl, lOA, para. 25 . 
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CHAPTER 5 

R.D.F. OVERSEAS-PRE-WAR 
By the autumn of 1937 proposals were forthcoming t hat R.D.F. should be 

included in the deience organisations of British territories overseas. The 
United Kingdom was to have prior claim on the init ial supply of R.D.F . equip­
ment when it came off production and t here was little likelihood that R.D.F. 
apparatus would be av .. ilable for use overseas for at least a year.1 Nevertheless; 
R.D.F. missions visited Overseas Commands ; sites were selected, and plans 
drawn up. 

R.D.F. Missions to Overseas Commands 
Despite the many difficulties in the supply of equipment, the Chief of the Air 

Staff, Air Chief Marshal Sir C. L. N. Newall, ordered that Mr. A. P. R owe, the 
Co-ordinating Officer for Air Defence in the Air Ministry Radio Development 
Depntment, should proceed to the Mediterranean o.n 2 October 1937.2 The 
purpose of this visit was to inform the Air Officer Commanding, Royal Air 
Force, Malta, and the Air Officer Commanding, R oyal Air Force, Middle East, 
of the newly developed R.D.F. system for the detection of enemy aircraft by 
radio. In add ition, this officer was to report on how best R.D.F. could be used 
in Malta and the Middle East and to suggest sites for the erection of the necessary 
stations. 

About the same time, the Deputy Chief of Air Stafi thought that the D irector 
of Scientific R esearch, Mr. H. E. Wimperis, who was visiting Australia, should 
visit some of the Far Easter-n Ports on bis return journey, which would be near 
mid-1938. The places it was suggested he should visit were Singapore, Hong 
Kong and Aden, the jntention being that he would make a r eport of the problem 
of erecting and operating R.D.F. stations in the Far East.3 Mr. Watson Watt 
prepared a memorandum for the guidance of Mr. Wimp2ris in h is impending 
consultation with the Air Officer Commanding, Far East, on the methods by 
which R.D.F. could be employed fo r the defence of Singap:.>re against air attack, 
suggesting possible sites for stations. Mr. Wimp2ris's " Missionary Journey," 
for so he termed it, was naturally of longer duration than that undertaken by 
Mr. Rowe, whose report was available by 24 No-vember 1937.4 

R.D.F. Recommendations for MidtUe East 
Among the places visited by Mr. Rowe were Malta, Alexandria, Cairo, Suez, 

Ismailia a:n,d Port Said. After considering the requirements of both secrecy and 
mobility he recommended most strongly the use of mobile R.D.F. equipment 
for both Malta and Egypt .. 5 In Malta the erection of the 240-foot Fixed Aerial 
Array Towers would have provided too conspicuous a target to an enemy from 
both sea and air. I n Egypt, the erection of sud1 fixed installatfons would 
necessarily have involved permission from the Egyptian Government-dictated 
by Egypt's new status under the Anglo-Egyptian Treaty of 1936. This would 
have placed the secrecy of R.D.F. in jeopardy. It was considered that full use 
of R.D.F. overseas would only be gained in conjunction with a highly-organised 
defence system, a nd the maintenance of secrecy had to be weighed against the 
comparatively small ad~antage whicl1 would be derived from R.D.F. instal­
lations at ports abroad without the support of a iighter organisation. It was 

) Air Ministry File S.40952, Encl. 54A. ~ Ibid., E nds. 18A and 34B. 
~ Ibid., Encls. l◊A and 49a. • I bid., Encl. 42A. 5 Ibid. 

65 



decided that the only places where benefit would outweigh the risk to the 
security of the new radio technique were Malta and Egypt, where it could be 
of considerable use in conjunction with the existing passive defences. 

The British Air Attache, Rome, considered there was an important peacetime 
application for R.D.F. in Malta, as the island was on a direct line between 
Sicily and Tripoli, and it was likely that movements uf Italian aircraft would be 
observed, thus supplementing Intelligence sources. This would also provide an 
excellent means of training personnel in its use. Owing to the isolation of the 

'faland, the warning of the civilian population and A.A. defences of an approaching 
attack, in addition to the above furtctiOl'l, led Mr. Rowe to recommend the 
despatch of a mobile R.D.F. set to Malta as soon as production permitted. ' 

In Egypt, where the political factors were accepted as precluding the erection 
of permanent stations anywhere but in the Suez Canal Zone , Mr. Rowe suggested 
that the use of RD.F. within the near future seemed to be confined to the 
provision of early warning at strategic points such as Alexandria, and recom­
me.nded that a mobile set should be sent, complete with power supply, in order to 
test the most bkely sites for the protection in war of Egypt and the Libyan border, 

Although attention was focussed chiefly on the claims of Malta and Egypt for 
R.D.F. cover, every consideration was being given to its extension to all 
strategic bases abroad. In December 1937 Sir H. Tizard, Scientific Advise;· 
to the Air Council, in consultation with the Senior Air Staff Officer of Air 
Headquarters, Royal Air Force, A.den·, selected a suitable R.D.F. site in Aman 
Rhal Fort, Aden.1 

Initial Decision on R.D.F. Policy for Malta and the Middle East 
After consideration of Mr. A. P. Rowe's report, the Chief of the Air Staff 

decided on 7 February 1938 that two mobile R.D.F. sets should be prepared 
with the object of sending the first available equipment to Malta and the second 
one to Egypt. 2 The Chief of the Air Staff urged also that the use of R.D.F. 
should be extended to Singapore without waiting for the report of the Scientific 
Officer visiting Singapore to be received. The main object in providing these 
mobile R.D.F. :installations was to establish the operational value of R.D.F. 
at places where prior warning of an enemy attack would be of great value to 
garrisons where no air defence organisatfon similar to that for Home defence 
was in existence.3 The Air Staff also advised that all relevant matter concerning 
R.D.F. and its alue in defence against air attack should be put before the 
Joint Oversea and Home Defence Committee of the Committee for Imperial 
Defence, with the object of determining the scope of this equipment for use at 
defended ports abroad. · 

Queries were forwarded to the Bawdsey Research Station, how best the supply 
of two mobile R.D.F. sets for overseas use could be met. In order to meet this 
commitment in the shortest possible time it was decided4 that :-

(a) The R.D.F. installations then operating at Dunkirk in the Home 
Chain should be modified for overseas mobile use- thus becoming 
available for shipment by August 1938. 

(b} A second set should be obtained by ordering a receiver through trade 
channels while the transmitter was to be made and general assembly 
carried out at the Bawdsey Research Stati~m. This equipment was 
to be available by November 1938. 

! Air Ministry File SA0952, Encls , 55A and c. " Ibid . , Minute 47. 
3 Ibid.-, Encl. 44A, para. 12. ' Air Ministry File S.44211, Eocls. 2A and SA. 
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(c) A third set should be produced by the modification of R.D.F. equip­
ment wbich had been housed in Anny lorries during earlier tests,1 
and might be retained at Bawdsey for the training of personnel. · 

A minute was sent by the Director of Operations and Intelligence, Air Ministry, 
to the Secretary of the Joint Oversea and Home Defence Committee,2 in which 
the established uses and possible further applications of R.D.F. were disclosed, 
its limitations explained, and the approximate costs of such installations 
estimated. In addition, the details of the number of personnel required to 
operate the different types of stations, the existing provision for their training, 
and the difficulties of production of R.D.F. equipment were explained. The 
then-existing intention of the Air Staff to send mobile R.D.F. equipment to 
Malta and Egypt for experimental purposes was made known to the Committee. 
Finally, the minute asked for the consideration of the Joint Oversea and Home 
Defenc~ Committee which of the defended ports overseas were to be provided 
with R.D.F. and the priority in which the equipments were to be provided. 

Th.is disclosure was discussed at the next meeting in March 1938, and a 
considerable broadening of the R.D.F. policy resulted. The Admiralty and 
War Office representatives issued a Joint Memorandum to the Committee in 
which a priority list for the provision of R.D.F. detection equipment was 
given.3 This was:-

(a) Air Defence of Great Britain-Detection of aircraft. 
(b) Major ports abroad-Detection of aircraft. 
(c) Fleet bases abroad-Detection of ships. 
(d) Minor defended ports abroad-Detection of aircraft. 
(e) Fleet bases and naval auchorages at home--Detectioi+ of ships. 
(/) Defended ports at home other than (e) above-Detection of ships. 
(g) Defended ports abroad other than Fleet bases- Detection of ships. 

Bearing in mind the limitations of production the immediate requirements 
were :-

(a) Air Defence of Great Britain-Detection of aircraft with large fixed sets. 
(b) Seven overseas port areas, Singapore, Hong Kong, Malta, Aden, 

Gibraltar, Ceylon and Alexandria-Detection of aircraft. 
This was indeed a heavy programme when one considers that the Research 
Station at Bawdsey was struggling to produce three sets of Mobile Equipment. 

Mr. Wimperis had by now visited Hong Kong, Singapore, Colombo, 
Trincomalee and Aden, and had submitted a detailed report on the possibilities 
of R.D.F. in these localities.4 This was to prove of the greatest assistance in 
determining the policy of R.D.F. for the Far East. 

Secrecy- its r~tarding effect on. p,:oduction 
It was inevitable that the stringent secrecy restrictions of R.D.F. informa­

tion would hold back production. This question was raised at the next meeting 
of the Joint Oversea, and Home Defence Committee, the 54th Meeting, on 
20 May 1938.5 At this time only two radio firms were employed on the manu­
facture of R.D.F. sets and each made roughly one half of the apparatus, thus 
giving additional secrecy. The Deputy Director of the Scientific Research 
and Experiment Department of the Admiralty pointed out that a recent 

1 Air Ministry S.44211, Encl. 10A_ • Air Ministry File S.40952, Encls. 56A, 57A. 
3 Ibid., Encls. 62A and B. 4 Ai. Ministry File S.44211, Ends. 26A and B. 

• Air Ministry File S.40952, Encl. 64A. 
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account in an American newspaper, the " Herald Tribune" on 21 March 1938, 
had given a very accurate and comprehensive description of the R.D.F. idea.1 

The Admiralty tbought consideration sbould be given to the whole question 
of whether it would not be desirable to publish the fact that Britain had R.D.F. 
apparatus, describe the general principle on which it worked and even quote 
ranges, exaggerating them in order to have a deterrent effect on potentially­
hostile nations. It was suggested also that in view of American knowledge of 
R.D.F. and possible development by them unknown to Britain, it might l1ave 
been worth while to offer to exchange information with the American Govern­
ment. In this manner too, assistance might also be obtained iu the develop­
ment of the apparatus from American wfreless firms who were highly skilled 
and working in close touch with their Government. Air Chief Marshal Sir 
Hugh Dowding pointed out that although it was quite impossible to conceal 
the existence of the R.D.F. stations themselves, it was essential in his.view to 
safeguard the secrecy of the actual apparatus. Broadening the basis of manu­
facture might compromise secrecy. The Meeting decided :-

(a) To invite the Admiralty and War Office to notify the Air Ministry of 
a forecast of theii; essential needs for the immediate future of the 
vanous types of R.D.F. sets they would require for all purposes, at 
home and abroad. 

(b) To invite the Air Ministry, on receipt of these forecasts, to consider:­
(i) the extent of the existing industrial capacity available fo.r 

R.D.F. production ; 
(ii) what acceleration could be made in production, if existing 
· secrecy restrictions were to some extent relaxed without 

compromising the secrecy of the vital elements in the 
apparatus. 

Subsequent correspondence from Ajr Ministry pointed out the fallacy of the 
argument that other nations were in possession of jnformation on R.D.F. 2 

The " reflection " of radio waves from aircraft was known generally several 
years before. Other nations had worked on methods involving search by a 
highly directive transmitting beam (" radio searchlight ;, ) and a highly directive 
r.ecejving beam (" radio telescope"). The term "R.D.F." did not refer to 
tbis, the essence of R.D.F. being " radio flood-lighting" of a large volume 
with a static watch over the whole volume, giving range-finding, azimuth­
.finding, and height-finding on any one, and all in turn, of many aircraft in 
this " floodlit " volume, without losing sight of the others. With this clarifi­
cation of the meaning of R.D.F. , the Joint Oversea and Home Defence 
Committee decided not to press for any public statement of the knowledge, 
but merely urged a greater production within the limitations of essential secrecy 
regulations. 

The impending use of R.D.F. overseas meant an ever-widening circulation 
of information on this subject within the Services. With the erection of 
R.D.F. stations, it was to be no longer possible to maintain secrecy in regard 
to its exfatence. Air Ministry therefore notified all Royal Air Force Commands 
at home and abroad during April 1938, of the fact that in the near future one 
or more mobile R.D.F. stations were to be despatched to certain Commands 
overseas.3 It was laid down that the subject of R.D.F. should never be 

~ Air Ministry File S.40952, Encl. 6GB. z Ibid .. Encl. 66A. 
3 Air Ministry File S.35982, Encl. 119A. 
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discussed in public places or with anyone not essentially concerned. It was 
stressed that the strictest secrecy should be preserved in regard to :-

(a) The technical aspect of R.D.F. and the equipment of stations. 
(b) The tactical employment of R.D.F. in the detection and interception 

of aircraft . 
(c~ The organisation of R.D.F. in a defence system. 

The Munich Crisis and the R.D.F. Overseas Programme 

The Munich crisis interfered wit~ the programme for th,e use of R.D.F. 
overseas. In connection with the emergency preparations, the three mobile 
R.D.F. stations prepared at Bawdsey Research Station were used to augment 
the Rome Chain on the East Coast.1 The provision of R.D.F. cover at Malta 
and Egypt was therefore once more delayed owing to shortage of equipment. 
At this stage the mobile R.D.F. sets were not now expected to be manufactured 
before June 1939, but due to a determined effort to speed up production, the 
planned mobile equipment for both Malta and Egypt was delivered at -an 
earlier date.2 

The War Office advised Air Ministry during the first week of April, 1939, 
of a scheme for Mobile (M.B.) and Fixed (C.H.) R.D.F. stations for gun · 
defended areas overseas. 3 All these stations were to be maintained and 
manned by Royal Air Force personnel. These requirements were therefore 
a Royal Air Force responsibility, and were submitted to the lnter-Service 
Committee on R.D.F. for approval as follows:-

Pf.iority Dest·ination M.B. Stations. C.H. 
No. of Set. Category A. Category B. Stations. 

l Malta I 
2 Alexandria 1 
3 Aden. . I 
4 Gibraltar 1 
5 Port Said 1 
6 Suez . . l 

7/8 Singapore I 
9 Cairo 1 

10/19 Field Force 
20 Hong Kong . . 
21 Rangoon 
22 Trincomalee 
23 Freetown 
24 Haifa 
25 Mersa Matruh 
26 Port Sudan 
27 Colombo 
28 Penang 
29 - Trinidad 
30 Kilindini 

1 
1 
1 
1 
1 

I 
1 

] 

10 

1 
1 

1 
1 
1 
1 
l 
1 
1 
1 

In each case 
the C.H. 
Station 
replaces 
anM . B . 
Station, 

Nole.- Category A-Unlikely to be moved. Category B-Mobile role. 

1 Air Ministry File S.44501 , Encl. 39A and Minute 40. S.40952, Encl. 79B. 
1 Details of this are given later, under the progress made at individual bases. 
3 Air Ministry File S.44211, Encl. 47A and B. 
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In view of the interruption in the delivery of anti-aircraft equipment to certain 
ports, the Inter-Service Committee deferred their agreement to R.D.F. 
equipment at Rangoon, Colombo, Penang, Port Sudan and Kilindini.1 

At the 68th meeting of the J oint Oversea and Home Defence Committee 
on 11 July 1939, the position of the production of R.D.F. stations was outlined 
in some detail by Mr. Watson Watt, as Director of Communications Develop­
ment at Air Ministry.2 He explained that there were three stages of provision 
to be considered. Firstly, the" Advance " provision of sets then in _production, 
of the type which had been sent already to Malta and Egypt. Secondly, there 
was an "Intermediate Scale," i .e., similar ,equipment to that already provided, 
using only one frequency, but with high 240-foot towers. Thirdly, there was 
the " Final Scale," having permanent buildings and provision for four 
frequencies. Although production was not due to start until mid-September 
1939, it was stressed that the deliveries of radio geax were now likely always 
to be ahead of the execution of the Works Services required~ nine months 
was the normal :figure for the execution of the wor"ks for a station. It was. 
thought that this time could be reduced to six months, but the provision of 
timber for the 240-foot towers took time. Only Douglas fir from British 
Columbia or Jarrah wood from Australia were suitable. As a result, the 
technical equipment, though not produced at the date of this meeting, would 
always be on sites overseas awaiting the completion of the Works Services. 
The meeting therefore agreed that the production of R.D.F. sets and their 
provision for ports abroad had now reached a satisfactory {>OSition and that 
there did not seem to be any means of materially improving the rate of 
production. 

Progress of Installations prior lo the Outbreak of War 
The only overseas bases actually to receive R.D.F. Mobile Stations before 

September 1939 were Malta, Egypt and Aden. The progress made in these 
territories and elsewhere is shown in tbe following parasraphs. 

Malta 
One Mobile R.D.F. station arrived in Malta on 21 March 1939.3 Erection 

was begun immediately on the site selected at Dingli as a result of Mr. A. P. 
Rowe's visit late in 1937. The first tests indicated that the site was most 
satisfactory ; a range of 50 miles all round for aircraft flying at 5,000 fee t 
was obtained. Despite the experimental nature of this equipment, it proved 
of sudi a vital and immediately urgent service that it was reorganised on a 
semi-permanent basis by the provision of a duplicate electric power supply 
plant and a stone building, pending the arrival of the permanent C.H. cquip­
ment.4 Good progress was made with the planning of the permanent RD.F. 
station requirements also nearby at Dingli. Thus, at tbe outbreak of war, 
although working on mobile equipment, the island had reasonably satisfactory 
R.D.F. cove:r. 

Egypt 
By 28 April 1939 the mobile R.D.F. station had been unloaded at Alexandria. 

Extensive tests over a period of one month were carried out on a site at 
E l D' Aba. 5 Owing largely to transmitter defects arising from lack of spare 

~ Air Ministry File S.44211, Encl.•49c. 2 Air Ministry File S.40952, Encl. 11 l A. 
• Air Ministry Fite S.47124, Enc!s . 21A, 41A. • Ibid. , Eri.cls. 63A, 99A. 

s Ak Minlstry File S.47125, Encls. 24A. 31A, · 
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replacement parts, the tests were not· completely conclusive. However:, it 
was agreed that the mobile (M.B.) R.D.F. set was not sufficiently efficient in 
range for the defence of Alexandria. At · that time a continuous sea patrol 
9ff the Egyptian coast was the intended method for early warning of the 
approach of hostile· aircraft. It was therefore decided that 240-foot permanent 
aerial masts would have to be erected in the vicinity of Alexaudria in order to 
obtain adequate R.D.F. cover and obviate the necessity of the sea. patrol.1 
This raised two points of difficulty, namely:-

(a) Such masts could not be made in Egypt . Only Australia or Canada 
could supply the timber required. 

(b) Delicate negotiations were necessary with the Egyptian Government to 
obtain its approval for the erection of permanent stations ·at 
Alexandria and Wadi Natrun without infringing essential conditions 
of secrecy.2 The matter was handled successfully by the British 
Ambassador, Sir Miles Wedderburn Lampson, enabling plans to be 
made for the erection, of permanent stations to cover the Alexandria­
Cairo- Suez-Port Said Area. 

With the outbreak of war then, onJy one mobile R.D .F. station was functioning 
in Egypt and tnis was not to the satisfaction of the Command. 

Aden 
Although this important base bad been -visited as early as December 1937, by 

Sir H. Tizard, Scientific Adviser to the Air Council, for consultation with the 
local Command autho.rity on a suitable R.D.F. site, it was not until July 1939 
that the final site was selected when Mr. Atherton, a technical officer of Bawdsey 
Research Station, went to Aden by air to choose a site for a mobile R.D.F. 
station.3 The personnel and equipment were then en route by sea. On the 
arrival of this equipment on 12 August 1939, the erect.ion of the station was 
begun. The outbreak of war occurred just as the aerial towers were being 
erected. 

Sfngapore 
During the visit of Mr. FI. E. Wimperis to this important base, a meeting 

took place at the Headquarters, Far East, in April 1939, at whkh the Officers 
Commanding the three Services were present. Mr. Wimperis attended this 
meeting and advised the Officers Commanding on the progress of R.D.F., its 
advantages and limitations.4 The Air Officer Commanding, Ai.r Vice Marshal 
A. W. Tedder, pressed for the erection of a single R.D.F. station near Singapore 
as soon as possible, to determine any local peculiarities which might exist there 
as being common to this area. A site was selected at Bikut Pengerang, some 
15 miles to the east of the city. 5 Because of lack of equipment, no R.D.F. 
cover could be provided for Singapore by the time war broke out. 

Hong Kong, Colombo, Trincomalee a.nd Gibraltar 
R.D.F. sites had been selected for these ports but it was impossible to supply 

the riecessary equipment. No R.D.F_ cover was available therefore when war 
broke out. 6 

1 Air Ministry File S.47125, Encl, 32A.. 
'Air Ministry File S.5734, Encl. 4c and o, and Air Ministry File S.47125, Encl. 53A. 
a Air Ministry File S.1056, Encls. llA, 13A, 21A and 29A. 
• Air Ministry File S.44211, Encl. 260, para. ·6 . ~ ibid., Encl. 26B . 8 Ibid., Encl. 26A. 
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India 
Towards the end of January 1939, the Air Officer Commanding, Royal Air 

Force, India, Sir Philip Joabert, requested the Joan of a mobile R.D.F. station for 
making- experiments as to the feasibility of employing R.D.F. on the Frontier and 
in defence of the four main ports.1 The Chief of the Air Staff, Air Chief Marshal 
Sir C. L. N. Newall, had to inform the Air Officer Commanding, India, that no 
such set would be available for at least a year, as the whole output of this 
equipment had been allocated to higher priorities. Despite further corre­
spondence on this subject in the form of urgent requests from the Air Officer 
Commanding, Ind.ia, war broke out without any provision of equipment. 

Disclosure of R.D.F, Information to the Dominions 
ResultiJ1g from a discussion between Mr. Watson Watt and the Deputy 

Chief of Air Staff, it was suggested that the Dominions should be informed in 
general terms of R.D.F., a brief paragraph to be inserted in the draft of the 
Chief of the Air Staff's quarterly Dominions Liaison Letter dated September 
1938. However, on ·the instructions oi the Chief of the Air Staff, it was deleted 
so that they could be advised in a separate communica.tion, the circulation of 
which could be reduced to an absolute minimum.2 The War Office and Admiralty 
were opposed to disclosure at this time and the matter was raised to Cabinet 
level, as it was considered necessary to advise the Dominion Governments 
concerning a defence weapon wh.ich was already in operation in this country. 
Approval was given for the Secretary of State for Air to convene a meeting for 
the purpose of expounding the position as regards R.D .F. to representatives of 
Canada, Australia, ew Zealand, ai1d South Africa, and of concerting arrange­
ments for communicating this information to the Governments of the Dominions 
in question. The Secretary of State accordingly arranged to see the respective 
Hjgh Commissioners on 24 February 1939, wh en a statement, which had been 
prepared in conjunction with the Admiralty and War Office, was made. This 
statement which described the use 0£ R.D.F. as a weapon and the progress made 
is considered worthy of inclusion in this narrative and is as follows :-

,, STATEMENT ON' R.D.F. FOR THE DOMINIONS REPRESENTATIVES 

It has been found that wireless waves are reflected by aircraft in fught, 
and a technique of causing and measuring such echoes has been developed, 
by means of which it is possible to dete1mine the range , bearing and height 
of distant aircraft. The system, which is called R.D.F., enables a single 
ground station to determine the position and height of sin,gle aircraft and 
formations in a wide and deep forward sector, and also to give some 
information about the size of each formation. The system is -particularly 
suitable for dealing with high-flying raids, and it enables c.ontinuous watch 
to be maintained over the sector under observation. 

The information provided by an R.D,F. screen enables the Fighter 
organisation to effect interception further forward than is possible with 
ground observation by observers or by means of acoustical apparatus ; 
and in fact it bas been shown as a result of tactical exercises that it is 
possible by means of R.D.F. to intercept the enemy on the coast or, in 
favourable circumstances , out to sea. 

1. Air Ministzy Flle S. 1315, Encl. lA and o, 2n. 
2 Air Ministry Flle S.40952, Minutes 73-75, Encl . 73A, and S.50307, Encl. 12A. 
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The range at which aircraft can be detected by this means depends on 
the hejght at wnicb they are flying. The higher they fly the greater the 
range of detection. Aircraft flying at 10,000 feet can be detected at a 
distance of approximately 100 miles to within an order of accuracy of 
1 mile. At 1,000 feet on the ofher hand the effective range of tlie apparatus 
falls to the order of 20-30 miles. The height of the aircraft can be 
measured to within 500 feet, and as has already been stated, an estimate 
can be made of the number o f aircraft in a formation. 

A chain of R.D.F. stations is in the process of construction along the 
whole of the east coast from Portsmouth to the Tay . Of the 18 stations 
required to cover this front, 12 are now working and the remainder will be 
working by the early summer of this year. 

There is a number of other appl ications of the R.D.F. principle which 
are now under development. A type of RD.F. apparatus has now been 
developed which can be carried in reconnaissance airc1aft for the detection 
of surface ships. Its effective range exceeds that of normal v isibility in 
British waters and is independent of visibility conditions either by day or 
night. This equipment will greatly increase the effectiveness of reconnais­
sance over the sea, by increasing the area searched by each aircraft in a 
sweep, by increasing the closeness with which the area can be searched, and 
by extending to conditions of darkness and of restricted visibility the times 
at which sweeps can be carried out. 

Another form of R.D.F. equipment is being developed for use in ships. 
Its function is to g ive long range warning of the approach of aircraft to 
enable a naval unit either at sea or in harbouf" to be ready for air attack. 

There are other types of R.D.F. apparatus under trials for application to 
the ranging of an ti-aircraft guns and the direction of searchlights on an 
enemy a ircraft. Finally a type of apparatus is being developed for coast 
defence purposes, by means of which the presence of sh ips can be detected, 
and their position determined with sufficient accuracy for barrage fire. 

The Dominions Governments will no doubt desfre to study the R.D.F. 
tec1rnique, in order that advantage may be taken of our knowledge and 
experience in connection with the development of their own future plans 
for defence. It is suggested that, as and when the p lans of the Dominions 
Governments reach the point when a study of the technical and operational 
aspects of R.D.F. appears desirable, faci lities to examine the working of 
the system in this country will be given to an Air Staff and a technical 
representative from the D ominions Governments. 

We do not think that other countries have got as far as we have in this 
technique. The need for the greatest secrecy in regard to the information 
that I have j ust given you is therefore obvious, and I would accordingly 
ask you to treat it as most secret." 

At the meeting it was agreed that the High Commissioners should cable their 
Governments to the effect that they had been informed of a security device 
connected with air defence which was of sufficient importance to warrant the 
despatch of a physicist to th.is country at an early date to study it. The 
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following physicists were given facilities for studying the scientific development 
of R.D.F. at Bawdsey :-

Canadian Government 
Australian Government 

New Zealand Government 

South African Government 

Dr. J. T. Henderson. 
Dr. D. F. Martyn (Senior Radio Physicist 

of the Commonwealth Radio R,esear;ch 
Board). 

Ernest Marsden, C.B.E, (Secretary of 
the D.S.I.R. , New Zealand). · 

Major~General Hoare (S.A. Ministry of 
Defence) and Major Wilmott. 

On the departure of these representatives to advise th~ir respective Government 
authorities, copies of drawings, descriptive data and blue prints were supplied.1 

Aiist·ralia 
In the case of the Australian Commonwealth certain types of equipruent were 

requested, to ensure that in the event of an emergency arising which would 
interfere with deliveries. from Great Britain, full information would be available 
to admit of local production. 2 It was proposed that the Commonwealth should 
proceed with the production of ship detection sets for use in aircraft and in 
coastal gnn batteries in any event, but at our request they agreed not to 
undertake production until we were satisfied this would not involve grave loss 
of secrecy. In June 1939, .a I'equest was made by the Right Honourable 
S. M. 13ruce for a ship set (Type 79Z) for installation in H.M.A.S. "Perth ," 
to which the Admiralty had to reply that these sets were still in the 
experimental stage, and blue prints and specifications would not be available 
before the autumn, while the actual equipment could not be supplied for over 
a year. 3 

The forecast of the initial requirements in R.D.F. equipment for Australia 
based on data discussed at tbe 3rd meeting of the Inter-Service R.D.F. 
Committee on 13 June 1939, was :- 4 

C.O. Stations 5 
Mobile Stations 1 
Gun Laying Sets 6 
Coast Defence Sets 6 
A.S.V. Set$ . . 6 
I.F.F. Set 1 
S.A. equipment 1 

The production of this equipment was to · be reserved to Great' Britain ; 
Australia was to provide the aerjals and Works Services for the erection of 
these stations. 

New Zea!atid 
As a result of demands from New Zealand after the disclosure of R.D.F. 

information to its representative in London, the approved initial requirements 
of R.D.F. sets were :- 5 

C.O. Stations 
Mobile Stations 

1 Air Ministry File S.50307. Encl. 46A. 'Ibi d., Encl. 43A. 
~ P;,.irMinistry File S.41234, EncJs. 1 llA and 121A. 
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Canada 
. The Canadian Governmen t requested blue-prints of the R.D.F. equipment 

used in C.H. stations and the Air Ministry approved of their issue.1 Dui::ing 
April 1939, the Canadian Government raised the point of the manufacture of 
R.D.F. equipment in the D ominion. Up t o the outbreak of war, however, no 
production had been commenced there, as production of this equipment had 
been reserved to Great Britain only, in the interests of secrecy. It was agreed 
i~ J w1e 1939, by the Inter-Services R.D.F. Committee that the following 
equipment should be supplied initially to Canada :-2 

C.O. Stations 2 
:M.B. Stations 6 
A.S.V. Sets 15 

South Af1'ica 
Following the disclosure of R.D.F. information to the Dominions, a 

preliminary discussion was held on 23 March 1939, between the Deputy Chief 
of the Air Staff and Major General Hoare, of the South African Ministry of 
Defence, on the subject of the possible requirements of R.D.F. in the Union.3 

The increased impor tance of Cape Town in the chain of Imperial Communi­
cations in the event of the Mediterranean being closed was visualised. R.D.F. 
aids to the Cape Town defences required were :-

Eire 

(a) Three Coastal Defence (C.D.) sets for ship detection from the shore; 
(b) Sets for ship detection from a ircraft ; 
(c) One mobile M.B. set primarily for co-operation with fighter aircraft, 

but also to be used in a subsidiary role in connection with air raid 
warning systems. The Inter-Service R.D.F. Committee proposed 
U1at the initial scale of issue of R.D.F. equipment to South Africa 
would be :-4 

C.O. Stations 2 
M.B. Stations 5 
Coast Defence Sets 5 
A.S.V. Sets 15 

No information on the development of R.D.F. was given to the Government 
of Eire. During April 1939, a request was received from the High Com­
missioner for Eire for Irish officers at present in this country to visit a Fighter 
Group Operations Room, for the purpose of studying our methods of fighter 
control.5 Permission was given but instructions were issued on the advice 
of the Committee for Imperial Defence that every precaution was to be taken 
to avoid the R.D.F. topic, although its existence was not to be denied. If it 
became necessary, the I rish officers were to be to!d that Standing Orders were 
that the subject could not be discussed, and any request for information would 
have to be put through higher authority. If this situation arose, the Air 
Ministry were informed that a decision would have to come from the Cabinet. 

1 .Air Ministry File S.50307. Encls. 46A and B, Mi1mte 32. 
2 Air Ministry File S.41234-, Encls. 11 1 A .and 121a. 
3 Air Ministry File S-4052, Encl. 95A. 
• Air Ministry File S.41234, Encl. 111A. 
• Air Ministry File S.50307, Encl. 35A. 
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R.D.F. Overseas prior to the War, summarised 

It is clear from the foregoing that., though plans were in an advanced stage 
to exploit fully the advantages to be gained from the use of R.D.F. at defended 
ports overseas, Malta alone had satisfactory R.D.F. cover when the war com­
menced. Despite careful planning, the delay in establishing R.D.F. stations 
overseas during 1938 and the flrst half of 1939 was due to the shortage of radio 
equipment -for the purpose and to the extension of the Home Chain of R.D.F. 
stations immediately after the Munich Crisis of September 1938. The subse­
quent time-lag between planning and actual installation overseas was caused 
largely by the period required for the Works Services in erecting such stations­
approximately six to nine months, varying with local conditions. 

Proposed Provision of R.D.F. to France 

On 16 March 1939, at a meeting of the Committee of Imperial Defence, it 
was pointed out that on balance thi.s country stood to gain more than we had 
to lose by taking the French completely into our confidence with regard not 
only to our plans but also in the matter of such secret equipment as R.D.F. 
on the grounds that, as the French were to be our allies, it was to our advantage 
that they should be as effective a5 possible. Accordingly, the Committee 
decided that the forthcoming Staff Conversations should include disclosure to 
the French of most secret equipment, such as R.D.F., subject to the stipulation 
that such of our secret equipment as the French desfred. to adopt must be 
manufactured in this country.1 . The Committee appreciated that this conclusi,on 
was somewhat in conflict with the Cabinet decision " That the Chiefs of Staff 
should have authority to impart to the French such information as to our plans 
and resources (other than certain technical details) as is necessary to ensure 
co-ordination in peace and efficient co-operation in war."2 The Minister for 
Co-ordination of Defence was invited to bring the conclusion regarding R.D.F. 
of the Committee for I mperial Defence to the notice of the Cabinet for their 
approval, which was given on 30 March 1939.3 

Disclosure of R.D.F. information to the French Air Staff was made in Air 
Staff discussions under this Cabinet sanction. Initial scales of demand of 
R.D.F. equipment by France were formulated in conference between the French 
Mission, the Director of Contracts, and the Director of Communications 
Development at Air Ministry.4 The initial requirements for the purpose of 
the French Defence Service were .:-

C.O. Stations . . 14 Transmitters, 
14 Receivers, 

and accessories for 7 stations. 

The French to provide their own Works Services and aerials. 
M.B. Stations . . 47 complete stations for the French Army. 

In addition a forecast was made of requirements for 128 Gun Laying sets 
for the French Anny, and 300 I._F.F. sets for the French Air Force. 

Arrangements were made for six French officers, two from each of the three 
Services, to be attached to the Bawdsey Research Station for an eight weeks' 

l C.T.D. 1546B, para. 3, sub-para. (d). 2 Cabinet 6 (39). • Cabinet 16 (39). 
• Air Ministry File S.41234, Encts. 111 A, 114>.. and J21A. 
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,ourse on R.D.F. which commenced on 5 Jwte 1.939.1 During this course these 
officers not only were instructed in the operation of a R.D.F. station but also 
saw the collation of information and its use in Operations Room technique. 

The Inter-Service R.D.F. Committee considered the initial demands for 
R.D.F. equipment by the French among tbe tentative estimate of the total 
requirements of the full R.D.F. programme for both home and overseas. 2 

These demands were accepted at_the meeting on 11 July 1939, it being agreed 
that the production of R.D.F. equipment was to be reserved to Great Britain. 
By September 1939 none of the equipment had been supplied. The outbreak 
of war occurred with the French in possession of R.D.F. information, other 
than production details, and six of their officers trained in its u e. 

1 Air Ministry File S .1336, Encl. I A. 2 Air Ministry File S .41234. Encl. 121A. 
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CHAPTER 6 

TIIE R.D.F. HOME CHAIN FROM THE OUTBREAK OF WAR 
TO THE FALL OF FRANCE (SEPTEMBER 1939-JUNE 1940) 

The development of the Early Warning Chain of R.D.F. stations up to the 
outbreak of war has already been described. The Chain had never been tested 
fully, only the stations between Bawdsey and Dover havi.ng taken part in 
full-scale exercises. Technical imperfections were known to exist ; production 
difficulties of equipment for the further expansion of the R.D.F. cover were 
great, and the personnel required to man the stations and filter rooms were 
not available in the strength or experience required. The Horne Chain had 
been placed on a 24-hour watch-keeping basis at Easter 1939, and on 24 August 
1939 the code-word" Afidock" was passed to Headquarters1 Figbter Command, 
bringing it to a war basis.1 

Very severe air attacks were expected in the early stages of the war but, 
in fact, these did not occur. At the outset then, the chief value of the home 
R.D.F. screen was that it rendered standing patrols by fighter aircraft 
unnecessary, thus conserving t.he small number of aircraft available to the 
Royal Air Force at the opening of hostilities. Without the R.D.F. chain of 
stations our aircraft would have had to maintain patrols, involving wastage 
of aircraft, the fatigue of pilots, and the heavy consumption of petrol before 
the enemy started to attack this country in strength. The R.D.F . Home Chain 
thus enabled aircraft and crews to be conserved for the Battle of Britain. 

R.D.F. Chain at the Outbreak. of War 
When war was declared on 3 September 1939, the R.D.F. Chain in operation 

connected to the Stanmore Filter Room consisted of eighteen C.H. stations.a 
The two remaining C.H. Stations of the twenty-station Chain, at Netherbutton 
and School Hill in the north, were operating locally but were not reporting to 
the Central Filter Room. 

None of these stations was a " Final" installation. In the rapid expansion 
of the R.D.F. Chain before the war along the south and east coasts, it bad been 
necessary to establish improvised apparatus in temporary accommodation in 
order to provide the maximum of R.D.F. cover in the minimum of time.3 

Most of the stations were poorly phased and calibrated, although Great Bromley, 
with experimental facil ities for avoiding D/F and height errors, was a notable 
exception. The measurement of the height of an aircraft was limited to below 
about 7° angle of elevation from the station. In addition the height estimation 
was unreliable at low angles of elevation."' Thus the plotting of very high or 
very low-flying aircraft was beyond the scope of the available equipment. 
Back-to-front ·sense discrimination was provided, that is , the operator could 
tell whether an aircraft was in front or behind the R.D.F. station when the 
aircraft was within a reasonable angle of the line-of-shoot. There was, however, 
no side reflector: so that ambiguities could occur when the aircraft was at right 
angles to the line-of-shoot. Since no high-powered vertical gap fillers were 
in use,' it was possible to miss high-flying air~raft altogether. 

-----------
1 Headquarters, Fighter Command 0 .R.B., A11g. 1939 (Signals Branch) . 
! These locations are indicated on Map No. l. 
• Sir Henry Tizard's R.D.F . Committee, Interim Re-port. 28 Nov, 1939- ,A.H.}3./IIE/5 . 

Encl, 3A, para. 4 and para. 7 (b). 
• O.R.S. Memorandum on Chain Performance in Peace and War. 
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During the first days of the war there were many mis-identifications of 
tracks due to' our own aircraft lacking 1.F.F. (Identification-Friend and Foe) 
equipment and also to the inability of damaged bombers returning to this 
country to fly in the pre-arranged lanes for making a landfall. On 6 September 
1939, the plotting of twenty unidentified aircraft tracks in the Thames Estuary 
by R.D.F. and the Observer Corps caused intercepting fighter aircraft to attack 
each other.1 Three friendly aircraft were shot down, one by anti-aircraft -fire, 
although no hostile aircraft were present. In additiog , many false alarms 
were given by sirens to the civilian population. 

To effect an improvement in the use of R.D.F. in air de:fence, two measures 
were applied as vigorously as circumstances would permit. The first was to 
effect a more accur:ate interpretation of the available R.D.F. infonnation and 
an improvement in the efficiency of the control of our fighter aircraft. The 
second was to increase the technical efficiency of the existing R .D.F. cover and 
to increase the number of R.D.F. stations. Neither of these measures was 
capable of instant implementation. Tbe success of the former would depend 
largely on the skin, speed, and e>..-perience of all ground per onnel , from the 
Controller, down through the Filter Room staff, to the R.D.F . operator. Such 
experience could only be gained as operations continued and there 'was the 
additional difficulty of the shortage of trained R.D.F. personnel. The efficiency 
of the Filter Room was increased on 7 September 1939 by the appointment there 
of Controllers, these officers becoming known as Filter Officers on 20 September.2 

On this date also, the first W.A.A.F. watch were on duty at the Stanmore 
Filter Room. 

During the first month of the war, the Air Officer Commanding-in-Chief, 
Fighter Command, laid down that experiments should proceed at Bawdsey in 
the first instance, to achieve the interception of enemy aircraft by a Controller 
operating the R.D.F. receiver himself, with no plotting of tracks, the intercepting 
fighter aircraft being- directed to the enemy bomber by radio telephone 
by the same Controller.3 He would bring the two aircraft together, both in 
range and bearing, on the R .D.F. cathode ray tube itself. In practice, it was 
found that the drawbacks of this. method were that the Controller had too 
much to do. White solving the interception problems in his head he had to 
operate the R.D.F. :receiver and also exercise control of the fighter aircraft by 
radio telephone. Moreover during such interception control, the normal raid 
reporting work of the station ceased. From these experiments, Squadron 
Leader Tester , who had acted as the Controller, developed a simple plotting 
R.D.F. method giving successful interception with a minimum of interference 
to the normal RD.F. plotting. 

The identification of friendly aircraft in use at the beginning of the war had 
proved unsatisfactory." The provision of I.F.F. equipment for a11 aircraft was 
regarded by the Air Officer Commanding-in-Chief, Fighter Command, as of the 
utmost importance. 6 Accordingly, during September, 500 I.F.F. sets were 
being made by hand and an order was to be placed for 10,000 sets, the design 
for which was almost completed. These sets were to operate on the -frequencies 
of the Home Chain Stations, but later sets would respond to the G.L. (Gun 
Laying) R.D.F. equipment as well. · 

' Headquarters, No. l l (Figbter) Group, O.R.B., Sept. 1939. 
Q Headquarters , Fighter Command Signals Branch. 0.R.B. , Sept. 1939. 
• Air Ministry File S.43174 , Encl. 61c, para. 2. 
• The foU story of identification systems is givert in Volume V, Part I . 
"A.H.B./IIE/68-foter-Service Committee on R.D.F. , Minutes of 4th Meeting, para. 39 . 
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By 19 September two of -the Home Chain stations were working on full 
power, thus extendi.ng their range. Plans were being implemented to enable 
the remainder of the Chain to be similarly equjpped at the rate of about one 
per week.1 The Main Chain was also being extended by three further stations 
with a possible fourth near Kinnaird Head to cover the approach to Sea pa Flow. 

The most immediate requirement was cover against low-flying aircraft, based 
largely on the need for giving protection to coastal convoy shipping. Trials 
bad been carried out at Bawdsey using the type C.D. (Coastal Defence) R.D.F. 
set, its effectiveness being well demonstrated in the detection of both surface 
ships and low-flying aircraft. 2 The Inter-Service Committee on R.D.F. agreed 
to the Air Ministry requirement of twenty-four of these sets which were to be 
installed at C.H. stations, though all the sets were not to be avai1able before 
the end of the year. A priority list of the areas of installation of these 
equipments was as follows :-

Thames Estuary. Firth of Forth. 
Flamborough Head to the Wash. Tyne and Tees Area. 
Southwold to Clacton. Scapa Flow. 

These sets became known as C.H.L. sets (Chain Home Low Cover) and 
Pye Radio; Ltd., were given the order to manufacture them immediately.3 

The full operational capabilities of this equipment were not known until 
after the sets were manufactured, If its sole function was to be the 
detection bf low-flying raiders then it was essential to site the station at the 
coast, because any inlaDd site could be expected to produce standing ecboes on 
the cathode ray tube which would impede the operator considerably. Over the 
sea, the range of a C.H.L. station was thirty-five miles but the effect of )and 
reflections on this range was quite unknown. 1 Arrangements were therefore 
made to carry out practical tests a.s so011 as the equipment became available. 

Radio stations near the coast with such prominent features as 240-foot aerial 
towers obviously presented an attractive target to the enemy- the more so if 
his Intelligence discovered the purpose of such stations. A conference was 
held at Air Ministry on 24 September 1939 td consider thE:. means to be adopted 
for the .protection of R.D.F. stations against air attack, as tbe st.ations in their 
"Advance" and "Intermediate'' stages depended on light A.A. defences­
also in short supply.6 The conclusions of this conference we.re cbnsidered by 
the Chief of the Air Staff and he directed that :-

(a) Stand-by mobile R.D.F. stations were to be provided, kept in reserve 
and so disposed that any one might be quickly moved and installed 
to provide cover where necessary to replace any Chain station which 
had been put out of action. A reconnaissance for suitable sites for 
thes mobile stations was to be carried out. 

(b) The "Intermediate" sets, when replaced by Main Chain ''Final" sets 
at each R.D.F. station, were to be used for stand-by purposes a nd 
housed in buildings which were to be sunk to ground level at least 
300 yards from the main buildings and were to be turfed over for 
concealment. 

Steps were at once taken to implement these directions but owing to the general 
shortage of equipment, progress was slow. 

1. A,H.B./IIE/68----Inter-Service Committee on R.D.F., Minutes of 4th Meeting, para. 34 , 
t 1 bid .. para. 38. 3 Air Ministry File S.55 I 53, E.ncls. 27 A and 43A. 
• Ibid. , Enc:-!. 45B. 6 Air Ministry File S.47412, Encl. 168A and B. 
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By the middle of October 1939, a very serious position ha,d been reached with 
regard to the paucity of celiain essential R.D.F. spares.1 Radio valves, 
condensers, and resistors for the Chain stations were in extremely short supply, 
and as a result the Chain operated on a hand-to-mouth basis. These 
deficiencies ofradio parts, which should have been in stock at each C.H. station, 
r esulted in the unserviceability of Chain stations for unnecessarily long periods. 
Certainly, had the Chain suffered the effects of hostile action, its maintenance 
might well have become an impossible problem due to the lack of replacement 
parts. Air Chief Marshal Sir Hugh Dowding, Air Officer Commanding-in-Chief, 
Fighter Command, made urgent representations t o the Under Secretary of State 
for Air stressing that the Air Defence of Great Britain was in jeopardy owing to 
the lack of spares for the maintenance of the Home Chain of R.D.F. stations.2 

A meeting was held at Air Ministry on 19 October, under the chairmanship 
of Air Vice Marshal R. H. Peck, Director-General of Operations, to discuss the 
measures necessary to produce an immediate improvement in the reliability of 
the R.D.F. Chain.3 Decisions were taken on the broad methods of accelerating 
the production of R.D.F. spares. Because of this shortage the Air Officer 
Commanding-in-Chief, Fighter Command, had taken every opportunity 
provided by weather conditions and other operational considerations, to rest 
the apparatus in Chain stations. He was also informed by this meeting that the 
life of the radio valves used could be prolonged considerably by a reduction of 
15 per cent. in the power output. This would have produced only a small 
falling-off in the range of detection. The performance of the R.D.F. Chain was 
causing some concern. Perhaps too much was expected of it in its existing £01m, 
The Director of Signals, Air Ministry, had put forward a scheme for a 
Communications Command whicb would unify control and ultimately provide 
a solution for the various maintenance problems which were the principal 
difficulty as far as the C.H. stations were concerned.11 This matter was being 
considered by the Assistant Chief of Air Staff. 

Alt.hough the Air Officer Commanding-in-Chief, Fighter Command, was 
reassured that efforts were now being .made for the adequate provision of spares, 
be was not satisiJed with the existing machinery of the Chain organisation. 5 In 
his reply to Air Ministry on 20 October 1939, he pointed out several factors 
which did not tend towards efficiency in the working of the R.D.F. Chain. 
Fighter Command was responsible for operating the R.D.F. stations but the 
organisation for maintaining them was not under its direct control, but under 
the Research Branch which had been responsible for designing and erecting 
them. A few of the many R.D.F. failures which had occurred were due to 
faulty operation and lack of detailed technical knowledge on the part of the 
operators, although the general standard in the circumstances was highly 
creditable. These personnel had been intensively trained for a short period and 
then sent out to distant and often inaccessible localities where adequate 
supervision was difficult, yet the responsibility for the efficiency of these 
personnel devolved upon Fighter Command. The actual Chain equipment in 
use had not been properly calibrated and modernised, largely due to the 
insistence of the Air Staff that a 24-hour watch should be maintained for the 
six: months prior to the outbreak of war. Air Chief Marshal Sir Hugh Dowding 
therefore suggested that a small committee should be formed, under the 

1 Air Ministry File S.51906, Encl. 38/\. 2 Air Ministry File S.2286, E ncl. ta. 
3 Air Ministry File S.51905, Encl. 49n. • lb·id. 

6 Air Ministry File S.2286, Encl. 2c. 
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chairmanship of Sir Henry Tizard, to investigate the working of the R.D.F. 
system and· to make recommendations for its improvement. The Air Staff 
immediately approved this suggestion and the committee was set up, composed 
as follows :-1 

Sir Henry Tizard, K.C.B., A.F.C. (Chairman). 
Air Marshal Sir Philip Joubert, K.C.B .. C.M.G., D.S.O. 
Director of Communications Development. 
Director of Signals. 
A representative of Director-General of Operations. 
A representative of Fighter Command. 

Sir Henry Tizard's R.D.:F. Committee 
There was no delay in dealing with this important question of the improvement 

of the working of the R.D.F. Chain. The Committee held its first meeting 
within two days of being set up, and produced a detailed interim report by 
28 November 1939.2 After examining the existing technical imperfections of 
the C.H. stations then working, the Committee pointed out that it was a sur­
prising fact that the stations were working so well. Although in the remainder 
of th_eir report they dealt with defects rather than the successes of the Chain, 
the Committee stressed that it was not with the object of criticising the 
remarkable technical achievements and progress made in the past but rather 
to help in bringing about improvements in the future. 

The Committee then commented on certain defects in the operation of the 
chain which were of special importance to Fighter Command. Coverage was 
insufficient owfag to lack of stations, lack of special equipment such as the 
new C.H.L. sets for the detection of low flying aircraft, and lack of sufficient 
power supply. All these defects would disappear when the new equipment, 
already planned and in production, was available. There was also a loss of. 
coverage which resulted in the observed track of an aircraft disappearing. The 
underlying cause of this defect, the gaps between the lobes of R.D.F. trans­
mission, was well understood and could be removed by improved installations, 
though some cases might need investigation by scientific personnel. There 
were serious errors in bearing and height, but the notable exception of the 
station at Great Bromley showed that this specially designed equipment, 
combined with careful calibration, could eliminate such faults. There was a 
real inability to track with certainty aircraft flying above 25,000 feet at 
moderate ranges which called for special experiments. On some occasions 
operators had reported aircraft which were behind them as if they were in 
front, with consequent confusion. Instrumental defects had contributed to 
this confusion in the early days of the war, but there had been no defects since 
and only mistakes by operators could account for such ambiguities, provided 
that the aircraft we,e well within range. 

The Committee decided that everything which could have been done to 
remove criticisms of the C. H. Chain in operation was now being done under 
the present system, but expressed their conviction that tbe operation of the 
Chain. would not be satisfactory until the system of responsibility was changed. 
They recognised the important conh(bution to the defence of this country which 
the Chain had made whilst most of the responsibility had rested on the Director 
of Communications Development, but feared that unless the system of 
responsibility were changed, the position in another year's time would be 

1 Air Ministry F ile S.2286, Encl. 8A , • Ibid., Encl. 9A and e, and A.H.B. /ffE/5, Encl. 3A. 
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u_ns;1.tisfactory. 1t was therefore strongly recommended in the report that there 
w~ much to be said for the formation of a separate Command solely for the 
p.urpose of organising the various means of tracking aircraft. The Director of 
Communications Development was to have experimental control of a complete 
operational R.D.F. Unit in at least one station in the .Chain in order that new 
experimental equipment could be installed or altered. Such a station would be 
primarily a research unit and secondarily an operational unit reporting its 
observations into the main R.D.F. system. 

In submitting this report to the Chief of the Air Staff, Sir Henry Tizard 
pointed out the unanimity of the views of the members of his Committee, 
except on the question of when such a change of responsibility should occur.1 

The Chief of the Air Staff did not concur with these views but upheld the view 
of the Air Officer Commanding-in-Chief, Fighter Command, that he should 
control and administer the R.D.F. Chain, leavfog the training of R.D.F. 
personnel to some outside organisation like a Signals Gi•oup.2 

First C.H.L. Emergency Programme 
While the question of improvement m the complete organisation of the 

R.D.F. Chain was under consideration, concrete progress was being made in 
establishing increased coverage. As an interim measure only, on 12 October . 
1939, a trawler screen, which might be described as fulfilling the role of a 

-ship-borne Observer Corps, was temporarily posted in tbe North Sea to augment 
RD.F. information. 3 This screen reported by wireless telegraphy to the R.D.F. 
stations at Stoke Holy Cross and Stenigot. Within the limitations of aural and 
visual observation, its timely reporting was quite a success. An increase in the 
range of observation of this trawler screen by fitting R.D.F. sets on the ships 
themselves was not possible as no R.D.F. set suitable for trawlers had yet been 
designed ; no ship smaller than a cruiser could carry and use such a set as the . 
C.D. equipment:l 

By November, seven C.H. stations of the 20-Station Chain were Working 
on full power. This gave an estimated increase of coverage per. station of 
30 per cent.6 The C.H.L. programme was being pushed ahead with all speed, 
and on 1 November the first of these stations came •On the afr at Fifeness, to 
be followed shortly by Foreness and Walton (7 December), Easington 
(19 December), Shotton (24 December), Ha_ppisburgh (25 December), 
Dunwich (1 January 1940), Cockbnrnspath (26 January). and Dover 
(11 February). 6 The •completion of this first "crash" C.H.L. programme 
was an achievement, as the extremely severe winter weather severely retarded 
progress. These C.H.L. sites were in ex'Posed coastal positions and much of 
the equipment had to be man-handled on to the sites and dragged into 
position.7 

This programme for the establishment of C.H.L. stations was begun originally 
because of the jnability of the C.H. stations to ' 'see" low-flyilig aircraft, and 
was intended to give protection to our coast.al shipping convoys against direct 
enemy air attack. It was, however, carried out with emergency speed because 

1 Air Ministry File S .2286, Enc\. 13A. 2 A.ii- Ministry File S.4038, Mint1te 3. 
:< Headquartirs, Fighter Command Signals Branch, O.R .B., Oct. 1939. 
4 A.H.B./IIE/68-Inter•Service Committee on R.D.F., 5th Meeting, Minutes, page 5. 
~ A.H.B./IIE/5, Encl. 3A, para. 5. Sir HeoryTizard's R.D.F. Committee, Interim Report. 
• Headquarters, Fighter Command Signals Brancb, O.R.B., November/December 1939 .and 

January/February 1940. These Jocatioll!; are shown on Map No. 1. 
1 Afr Ministry File S.45174, Part I , Encl. 78B. 
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of the enemy's use of mine-laying aircraft.J. The original intention of establishing 
one C.H.L. set on each C.H. station had to be lef.t in abeyance, the sites of 
the C.RL. stations being selected to combat to the maximum effect the new 
enemy tactics. Owing to the delay in the p roduction of C.H.L. sets, G.M. sets 
(Modified Gun-Laying sets) were used in lieu, though the term C.RL, station 
was used because of the role they were employed in. Each C.H.L. station 
was placed under the administrative control of the nearest Royal Air Force 
station as hs parent unit and linked by telephone lines to the Filter Room . 

Seoond C.H.L. 'Emergency Programme _ 

Owing to the increasing tempo of enemy attacks upon our· shipping a second 
"crash" progrnmmc of C.H.L. station installation was started in January 
1940 to give addit ional East Coast R.D.F. cover.2 C.H.L. stations were 
installed at Ingoldmells, Flamborough Head, Bamburgh, Cresswell {near 
Morpeth), Doonies Hill (near Aberde n), Rosehearty (Kinnairds Head) and 
St. Cyr1ls (near Montros ). All these seven stations were working before tile 
end of February 1940. 

The strain of these two "crash " .H.L. programmes, one immediately 
following the other, was fe lt most of all by No. 2 Instal lation Unit, Kidbrooke, 
and it became necessary t o call on personnel normally employed on C.H. 
fitting work. 3 Mr. Watson Watt e>..-pressed concern that C.H. installation in 
a dependable form was being delayed by the installation work on C.H.L. 
stations. He stressed the point that the C.H. Chain had given valuable military 
results-not so far demonstrated by the C.H.L. installations. Above all, a 
good C.H. system, which had not yet been developed fully, was essential to 
the successful functioning of the C. H.L. system, the latter being designed to 
supplement the work of the C.H. Chain. As a fesult of t hese observations, 
Air Ministry agreed that No. 2 Installation Unit would revert to devoting itself 
wholly to .H. st ation work . 

Plans for the extension of the R.D.F. Chain to the South-West and West Coasts 

Enemy aircraft were now making deeper penetrations ranging over the 
western districts of England and the Irish Sea-though not in strength . The 
Home Chain covering the East and South coasts only was obviously insufficiently 
extensive to provide the necessary early warning system. This was so urgent 
a requirement that on the 2 January 1940, the Prime Minister accorded the 
highest order of priority to the provision of R.D.F., the Air Staff having pointed 
out the gaps of greatest importance in our defences.4 These were :-

Area. Deficiency. 
Weymouth-Torquay. High and low cover. 
Bristol Channel. H igh and low cover. 
Liverpool. Low cover. 
Clyde. High and low cover. 
Cromarty Firth. Low cover, 
Central Scotland. . High cover. 
Shetlands (No Observer Corps). High cover. 
Devonport. Low cover. 
Scillies. High cover. 

1 Air Ministry File S. l686, Minute 49, Encls. 12A and 28A. 
2 Air Ministry File S.3142, Minute 17, and Encl. 107A. 
~ Air Ministry File S .44282, Part l, Encl. 287A. 
• W.P.G./40/327 and Air Ministry File S .1686, Encl. 113A. 
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The Chief of the Air Staff approved a list of additional C.H. and C.H.L. 
stations as the minimum requirement to fill these gaps:-

C .H. Stations. C.H.L. Stations. 
Portland Bill. Rye. 
Lyme Regis. Poling. 
Bristol Channel (2). Ventnor. 
Clyde. P evensey. 
Ben Nevis. Scapa. 
Shetlands (2). Cromarty. 
Orkneys. Clyde. 
Scillies. Liverpool. 

Bristol Channel (2). 
Devonport. 
Weymou th. 
Scillies (anti-submarine). 

The Director of Communications Development submitted this list to the 
Air M.inistry Research E stablishment during January 1940, in order that the 
general siting problems arising from these proposed extensions could be faced.1 

A special survey party was formed in order to speed up the work, having 
representatives from the Director of Signals, Fighter Command, the Director 
of Communications Development Department, and the Directorate of Works, 
together with a G.P.O. representative- thus establishing the correct degree 
of liaison between the interested Departments, a feature which had been 
lacking in previous sitings.2 F or such an urgent and large programme of 
extensions to the H ome Chain in the South and West it was obvious that only 
the minimum requirements could be supplied. At a meeting at Air Ministry 
on 27 February 1940, jt was decided that for these new stations the ·scale of 
provision would be two frequencies (instead o{ the normal provision of four 
frequency working) with unprotected buildings wholly above ground.3 

Formation of No. 60 Signals (R.D.F.) Group 
The Tizard Committee had pointed out the inadequacy of the organisation 

for maintaining and· controlling the existing Home · Chain at the end of 
November 1939, and suggested the formation of a separate Command for 
this J?Urpose.4 In December, it was decided to form an R.D.F. Group with 
the least possible delay. Establishments were developed and some filty 
technicians from the Director of Communications Development's Department 
were transferred to this new Group under Mr. H . Dewhurst, who had been 
running the Maintenance Establishment previously. On 23 February 1940, 
the new formation, known as No. 60 Group, was formed at Leighton Buzzard 
under Air Commodore A. L. Gregory, taking over from No. 2 Installation Unit 
the responsibility for all Chain maintenance and modifications.5 There were 
twenty-two C.H. stations and fifteen C.H.L. stations in operation at this time. 
Most of t he C.R. stations were incomplete and plotting instructions were vague. 
They were working on " Intermediate " equipment with optical convertors 
for- height estimations, t hough one electrical calculator :for this purpose planned 

1. Air Ministry File S.44282, Part 1, Encl. 254A. 
~ A.H .B./IIE/64-The Organisation of No. 60 Group-Encl. 10A. 
3 A,ir Ministry File S.44282, Part l , Encl. 317A. 
• A.H.B./IIE/64, Encl. I A. and Ai.r Ministry File C.S.2824, Encl. 8A. 
• Headquarters, No. 60 Group. O.R.B .• February 1940. 
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in February 1939, was ready for testing at tbe C.H. station, Poling.1 Ther.e 
was a large legacy of outstanding work to be hurried on. For aerial installation 
and phasing alone t here were eighty receiving towers and one hundred and 
sixty C.H. aerial anays await ing immediate attention. A vast programme 
of work therefore confronted the new Group. 

The responsibilities of No. 60 Group were laid down as :- 2 

(a) Planning and developing the operation of the R.D.F. Home Chain 
to meet operational requiretnents. 

(b) Continuously examining and, where necessary, .improving t be 
operational, technical and administrative efficiency of the Home 
Chain, including the well-be:ing of personnel. 

(c) Examining new developments in R.D.F. with a view to their adoption 
and efficient tactical application. 

(d) Liaison through Air Ministry with the Admiralty, War Office and 
R.A.F. Commands abroad on R.D.F. questions. 

(e) Supervision of installation, calibra tion, equipment, maintenance and 
manning of the Home Chain. 

(/) Assisting Air Force Units by technical liaison in t he maintenance of 
all aircraft equipment. 

(g) Ensuring the training needs of R.D.F. operating personnel were 
adequately and promptly represented to the Air Ministry. 

(h) Collating and disseminating technical information concerning the 
operation and maintenance of R.D.F. apparatus. 

Because of the numerous interests involved the chain of responsibility was 
necessarily complicated. Briefly, technical policy was to be controlled by the 
Air Ministry, but opera tional control in all its aspects remained under the 
Air Officer Commanding-in-Chief, Fighter Command. ft was estimated that 
it would be April 1940 before No. 60 Group would be able to assume full duties, 
because the change-over of control had to be sufficiently smooth not to interfere 
with the efficient working of the Chain. 3 

The inception of the new Group was not without its troubles. Prior to its 
foonation, personnel of the Air Ministry Research Establishment, No. 2 
Install-ation Unit, Signals Staff from H eadquarters, Fighter Command and 
representatives of the Director of Communications Development had all had 
access to R.D.F. stations and all had some responsibilities in connection with 
the drive for greater efficiency of the Chain. As No. 60 Group took over its 
responsibilities, the former state of affairs tended also to continue due to the 
zeal of the individuals concerned.4 Thus the No. 60 Group new organisation 
received some interference from the formerly directly-interested parties. A 
firm attitude was taken by the Director of Signals, Air Ministry, who sent a 
signal to all Commands and Departments concerned stressing that entry to 
all R.D.F. stations was forbidden unless the purpose and details of such visits 
had been approved by the Air Officei- Commanding No. 60 Group. 

By 1940 the maintenance of the Chain was found to be beyond the capacity 
of the· four Maintenance Sections, owing to the large increase in the numbers 

1 O.R.S./4/10/2, Electrical Calc1<lat01's and Optical Converters, a nd Air Ministry File 
C.S.2824, Encl. 8A. 

~ Air Ministry File C.S.2824, Encl. 13A. 
• A.H.B./IIE/66, R.D.F. Organisation...:..Ge.aetal, Enct 2A. 
~ Ibid. , Encl. 6A and 11 A. 
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of R.D.F. stations. The total of stations opei;ating and proposed by that 
time amounted to thirty-three C.H. and forty C.H.L. This situation was to 
be aggravated by the planned duplication of frequency channels and the 
resulting increased maintenance work. In addition, the handling and issue 
of spares and technical knowledge had become centralised a.t the former Base 
Maintenance Headq_uarters, Leighton Buzzard. 1 Both for security against 
enemy action and for facility in distribution, a much more effective decentralisa­
tion of equipment was necessary. Tl1e Air Officer Commanding, No. 60 Group 
therefore recommended on 3 April 1940, that the various R.D.r-. stations 
should be grouped into Radio Wings, each Wi°'g being administered and 
technically maintained by a Unit which would replace the inadequate 
Maintenance Sections. These U11its, named Radio Maintenance Units and 
later Radio Servicing Wings, eight in number, were formed on 10 July 1940.2 

Calibration of Chain Stations 
By January 1940, a few R.D.F. stations had been re-calibrated and re-phased 

for both height and direction finding, but technical experts were doubtful that 
these calibrations would remain true for any worthwhile period.3 The variation 
was due mainly to the fact that ·end-sealing insulators were not fitted to the 
reGeiving transmission lines. A further complication was that there were no 
recognised methods for phasing the receiver aerial arrays and no two scientists 
used the same method for aerial phasing. \iVhen a method was eventually 
prescribed it involved frequency-measuring instruments of a standard accuracy.' 
Such instruments for the frequency range of the C.H . stations were then 
non-existent. Thus the R.D.F. information passed to Filter Officers was in 
many cases based on information which was probably inaccurate.4 On 
25 March No. 60 Group became responsible for the calibration of all Chain 
Stations. To face this enormons task there was one detached flight of aircrait 
from the Special Duty Flight, St. Atl1an, which combined height and perfor­
mance calibration duties with interception training for Ground Controllers at 
Bawdsey. Three autogyros and two pilots, together with two balloon ships 
and balloons, completed the resources available. To illustrate the inadequacy 
of the equipment, during the fast seventeen days of December 1939, ninety-nine 
flights were ordered but only thfrty were attempted . Only twelve were folly 
successful and six partially so. From the outbreak of war until the end of 
March 1940, balloons had calibrated on1y two stations for direction findin", 
whilst autogyros, since the middle of January, had calibrated five stations. 

It was obvious to the Air Officer Commanding, No. 60 Group, that the 
calibration of stations was actually falling behind the rate at which new stations 
could be established, even though Fighter Command had rendered assistance 
by providing aircraft for performance testing. He therefore recommended that 
each new Radio Wing should have personnel, technical equipment, and aircraft 
established on it for adequate calibration. Experimental work continued to 
attempt to discover simple methods of calibration of R.D.F. stations. 6 An 
establishment was agreed in August 1940, but owing to the shortage of aircraft 
it was not until after the Battle of Britain that the requirement could be satisfied. 
The whole Chain was then re-calibrated :in some 12 weeks. 

1 A.H.B.(1IE/6G, para. 5. a Headquarters, No, 60 Group, O.R.B., July 1940. 
3 Air M}nistry File S.427 19. Encl. zg.,, _ 
; A.H.B. /IIE/66, Encl. SA, pa.ta. 6, a11d A.it Mi1tistry File S.42719, Encl. 22A. 
5 1/Jid., E nt:1 . 3.~. para. 1 I, -aod Ait" Ministry File S.42719, Encls . 36v and SIB . 
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R.D.F. Personnel 
From the beginning of the war there had been a shortage in R.D.F. personnel, 

both for operating and for maintaining the Chain stations. At the end of 
NovemJ?er 1939, experimental crews of W.A.A.F. operators were sent to the 
C.H . stations at Poling and Dover. It was considered by January 1940 that 
-they were quite capable of carrying out the work under Royal Air Force N .C.O.s, 
so further W.A.A.F. courses were arranged at Bawdsey and W.A.A.F. operators 
were subsequently gei~erally introduced in Chain stations.1 The training of 
R.D.F. mechanics, also Qriginally at Bawdsey, were transferred to No. 2 Radio 
School, Yates bury, on 18 January 1940. 

Not only had the manning of the Home Chain to be considered. By April 
1940, the overseas demands for R.D.F. personnel had ri'sen and some 
sixteen Transportable or Mobile R.D.F. Units had been formed and manned for 
use overseas.2 As a result, r o. 60 Group and ro. 2 Installation Uni t were 
generally below their establishment in personnel and faced with an overload of 
work in their h1creasing .responsibilities. 

1 Air Mioistry File S.3523, Encl. 8A, Air Ministry File S.47112, Enc\. 25A, and No. 2 Radio 
School. O.R.B., January 1940. 

: A.H.B./IIE/66. Encl. lOA~ 
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CHAPTER 7 

R.D.F. IN THE FRENCH CAMPAIGN, 1939-1940 

Prior to the outbreak of war the French technique for warning against hostile 
aircraft was based principally upon their " Syst&me de Guet," which was similar 
to the British Observer Corps organisation. This was supported, rather weakly, 
by a radio system of aircraft detection which the French han developed 
independently, called" Detection Electrorna,gnetique" (D;E.M.). 1 This consisted 
of a chain of alternate radio transmitters and receivers, producing a rough 
plan position of aircraft by observations on the beating produced between the 
direct wave from the hansmitte-:r to the receiver and the " reflected II wave 
from the aircraft. This system was inferior to R.D.F., having an approximate 
ranie of tliirty mjles and not giving satisfactory results on more than one 
aircraft. 

The limitations of the French system of raid-reporting were realised by both 
the French and British Governments. After the disclosure of British R.D.F. 
information to the French Mission under General Ga01-elin during April 1939, 
plans were drawn up for tl1e initial requirements in R.D.F. equipment for the 
French. It was inevitable that they would require a further considerable 
supply of apparatus in the near future. but the whole of this R.b.F. equipment 
was to be n1anufact1,1red in Great Britain for secrecy reasons.-z No R.D.F. 
stations had been supplied to France by the time the war commenced, though 
~ome French Officer technicians had been trained in our R.D.F. technique. 

R.D.F. for the British Field Force-luitia] Requirements 

Prepai:atiorts for war included plans for the despatching of three mobile 
(M.B.1) R.D .F. sets to France with the British Field Force. It was thought 
that the eventual requii:ements might be four of the new type mobile (M.B.2) 
stations.3 However, the development of the M.B.2 sets proceeded very slowly 
and the M.B. l transmitter in production gave djsappointing performances : 
thus when the Chief of the Air Staff called for three complete M.B. stations at 
the outbreak of war, the only set available was one M.B. l which was being used 
for research and development purposes at Bawdsey. The set was re-erected, 
tested and despatched to France. It was erected on a site between Calais and 
GraveJines and commenced operating on 24 eptember, the Un it having 
previously reported to Headquarters, o. 60 Wing, Allonville.4 

In order to meet the requirement for two more mobile R.D.F. stations, the 
Bawdsey Research Station was Lnstructed to develop a mobile set from whatever 
apparatus was available, giving the best possible range on aircraft and all-round 
searching. The Army type Gun Laying (G.L.2) set was bcing produced in 
quantity, so this was adapted for M.B. purposes. 5 The resulting sets, given the 
nomenclature" G.M.", were supplied to two other R.D.F. units which proceeded 
to France during the first week of October 1939. 

1 Air Ministry Fil<:: S.2538, Encl. 6A. 
2 Air Ministry File S.1306, Encl. 60, Air "Ministry File S.4.l 234, Enc ls. U I A a nd 102A. and 

.I.D. 15460, para. 3. a Air Ministry FileS.45967, Encl. I2IA. 
• Air Ministry File S.1796, Encl. 2A (Folder No. l ). 
• Air Ministry File S.45967, Encls . 117.A and B, Encl. 140B, and Air Ministry File S. l 79 

Encl. 7,\ (Foldet No. 2), and Encl. 23A (Folder No , 3) ,. 
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foitial Deployment of R.D.F. Stations in France 

As no experience had yet been gained with a mobile R.D.F. set deployed 
inland to operate over an area of military activity, it was quite possible that the 
apparatus might not prove satisfactory. The primary source of raid reporting 
was therefore a Wireless Intelligence Screen (W.I.S.) in the British zone in 
Northern France, consisting of Army Observer Posts linked directly to Wing 
Headquarters by wireless telegraphy.1 A simple code, based on the British 
Observer Corps system, was used for rapid reporting of observed aircraft. By 
this means the Wing Headquarters had a modicum of intelligence on which to 
direct fighter aircra:(t. 

On 23 September 1939, at a meeting at Headquarters, Air Component of the 
British Field Force, in connection with the re-deployment of the R.A.F. 
component in France, it was agreed that one mobile R.D.F. station should be 
established in the Calais area to provide early warning of low-flying aircraft 
approaching down the Belgian coast or attacking from seaward across tire 
southernmost portion of the Belgian coast.2 The second mobile R.D.F. set 
was to e.,'Ctend the R.D.F. screen south-eastwards to cover the Field Force and 
to provide the maximum possible warning of the approach of enemy aircraft 
over Belgium. The locations of the third and subsequent sets were. to be 
related to a comprehensive plan aimed at providing continuous R.D.F. cover 
for the area occupied by British Forces and the l ikely avenues of approach 
thereto. According to these decisions the three available mobile R.D.F. 
stations were sited near Calais, at Escobecques, near Lille and at Bar-le-Due 
respectively.3 The siting of the R.D.F. st ations conformed to the plans already 
in force for the Wireless Intelligence Screen, and thus the set at Bar-le-Due 
was for the protection of the Advanced Striking Force and the other two sets 
were for the British Expeditionary F orce and the Air Component. 

The French Grand Plan-R.D.F. Propoi,als for Ftance 
\ 

A French chain of sixteen Chain Overseas Stations (C.O.) extending from 
Abbeville to the Mediterranean was envisaged as the "Grand Plan " for 
providmg R.D.F. cover for the whole of France's threatened frontiers.4 This 
was discussed at a conference held in the Air Ministry between representatives 
of the French Government and the Director of Communications Development 
on 3 Octob& 1939, after British participation in the selection of suitable sites. 
The chain was to be in three sections, reporting to three filter centres, and to be 
built firstly between Abbeville and Auxerre, for the defence of Pa1is ; secondly, 
on the North-Eastern Frontier ; and thirdly, covering the Mediterranean coast 
and Rhone Valley. A fourth chain had been suggested to give warning of the 
approach of aircraft to the Franco-Italian frontier. s It was considered, 
however, that the R.D.F. syst em would be impracticable there on account of 
"permanent: echoes" from the mountains. It was therefore suggested that an 
improved version of the French D.E.M. system would be all that was necessary. 

Deliveries of C.O. station ~quipment from Britain were not scheduled to 
begin until April 1940. It was therefore agreed to supply some mobile G.M. 
stations to operate on or nea~ the sites selected for tbe French Chain stations. 

1 Air Ministry File S . 1306, E ncls. 16A and 17 A. ~ Ibid. , Encl. 29A. 
3 .A,.H.B./IIH/147-D.H.0. F older, '' R.D.F. in France," Encl. 6A. 
4 Air Ministry File S.45967, En.cl. 189.-., para. 23. 
5 A.H.B ./IIH/147, Er,cl. 2A. 
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ln addition, fifty Gun Laying (G.L.2) sets were to be supplied in January 1940, 
and twenty I.F.F. sets (modified to a special frequency range covering the band 
30-37·5 megacycles per second) by I November 1939. 

A training programme for French personnel was to be put into effect thrqugh 
the provision by the British of three M.B.l installations complete with aerial 
towers. Three Scientific Officers were to be lent to the French to set up the 
equipment and instruct their training staff.l Actually two such officers went 
to France for this purpose, Mr. J. F. Atherton and Mr. E. N. Shaw of the 
Directorate of Communications Development, Air Ministry. The French Army 
and Air Force training was to take place at Montpellier and the Naval training 
at Cannes . 
. There was a meeting in October between the Chief of the Air Staff and the 

Ajr Officer Commanding-in-Chief, Bomber Command.2 The latter expressed 
the .opinion that R.D.F. in France might be found to be not worth while. 
It was therefore arranged that a mission, beaded by Air Marshal Sir P hilip 
Joubert3 and including Mr. Watson Watt, would go to France and, after ex­
ainining the situation, make the necessary recommendations. The first meeting 
in France with the French representatives, General d'Harcourt, Inspecteur et 
Commandant Superieur de t'Av-iation de Chasse, and Commandant Cazenave, of 
the Ministere de l'Air, took place on 2 November 1939 at the residence of 
Air Marshal A. S. Barratt comroanding No. 1 British Air Mission. The dis­
cussion was limited to the method of deploying British R.D.F. mobile sets to 
cover the British Forces and the approaches to Paris, though there was a 
tendency for the French representatives to turn tbe conversations towards the 
French R.D.F. Cbain.11 Sites were agreed for the first eight mobile R.D.F. sets 
required to provide cover for the British Forces in the field_ These would 
require two filter rooms to be established, the French being responsible for the 
provision of the necessary landlines. The information from these filter rooms 
would be utilised by British Fighter stations in France and French GYO'upes de 
Chasse for active air defence, and by the F rench Systeme de G11tet for inclusion 
in the air raid warning system. 

A further joint conference w}1ich was necessary to consider the permanent 
R.D.F. facilities of the French Grand Plari was held on 7 November, under the 
chairmanship of General de Division ] ullien, Inspecteur General Tech1iique des 
Transmissions de la Dijense Nationale. Some thirty-three officers attended, 
being representatives of the Navy, Army and Air Forces of both France and 
Britain. 5 The meeting accepted proposed sites for mobile (G.M.) R.D.F. sets 
at Bolougne, L ille (two posts}, Arras, Cambrai, Avesnes, Sedan, Verdun 
(Damvilliers), Mont Haut (east of Rheims), Bar-le-Due and Troyes. Each site 
had been considered in regard to its suitability from the point of view of landline 
communications, and whether these would link up with the French Grand 
Plan stations. 

The two filter centres were to be sited at Arras and Rheims and would be 
called respectively Nos. 1 and 2 Filter Centres. Again, the availability of 
French landlines was a deciding factor in the choice of these locations. Each 

' Air Ministry File S.45967. Encl. 189A, paras. 11 and 17. 
1 Air Ministry File S.2538, Encl. 3A. ,, 
, Air Marsllal Sir Philip Joul)ert de Ja Ferte was attached to the Department of the 

Chief of Air Staff for R.D.F. duties on 28 Or-tober 1939. He became Assistant Chief of 
Air Staff (Radio), and held the ~pointment until June 1941. 

1 A.H.B./IIH/147, End. 1 A. ~ Air Ministry File S.B. 65067, Part I, Encl. 94c. 

93 



R.D:F. station was to be linked to its nearest filter-room (plotters' circuits) 
and to its adjacent R.D.F. station (i:eserve circuits).1 Nos. 1 and 2 Filter 
Cenkes were to be connected to each other and to No . 1 Filtec Room, 
Headquarters Fighter Command, StaoxnoTe; for control circuits. Thus R.D.F. 
information from the stations on the South, coast of England would be available 
in France. 

The conlerence then proceeded with a. consideration of the French Grand 
Plan, Mr. Watson Watt outlining this in some detail. The meeting accepted 
his proposition unanimously for the suggested locations and uses of the proposed 
C.O. chains.z- The French Naval representatives were very keen to have theit 
own coastal chai-o of stations as soon as possible. T he question of frequencies 
in use for R.D .F. caused considerable discussion. The British mobile R.D.F. 
sets in France were operating on 40 and 56 · 6 megacycles per second, th,us 
interfering with French Fighter aircraft radio telephony and preventing five 
or six squadrons from operating fully. The French Air Min istry representative, 
feeling rather strongly on this point, demanded on What French authority these 
R.D.F. sets were operating in France. It was explained that the lack of such 
authority was on the grounds of secrecy and that the use of these frequencies 
by the French Air Force had not been realised by the Royal Air Force. It was 
subsequently agreed to change the working frequencies oi RD.F. to avoid 
this clash. 

Dw·ing the visit of the R.D.F. Mission to France t he working of the three 
R.l).F. stations already deployed in the field was examined. The set sited 
north of Calais in a marsh, was working. The set at Escobecques near Lille 
was not yet functioning. It was erected but the transmitter was unservi~eable. 
The third set, at Bar-le-Due was unserviceable due to a burnt-out resistance. 
It is not surprising that the Mission decided that no information worth recording 
had so far been obtained.a This was traceable to the complete lack of organisa­
tion both on technical, administrative and tactical grounds. No specific unit 
or formation appeared to be in control of the three R.D.F. stations. The per­
sonnel manning them seemed to be living under difficult circumstances. The 
officers in charge, " young scientists," appeared to be lacking in knowledge of 
Service methods and procedure. It was evident that some administrative and 
signals supervision of these and future stations would have to be introduced 
in France. 

Proposal for the Formation of an R.D.F. Wing in France 

On his teturn with the R.D.F. Mission from France in Nove(Ilber, Air Marshal 
Si r P . B . Joubert, in a Minute to the Chief of the. Air Staff, pointed out the 
disorganisation and consequent inefficiency in the situation, and requested 
authority to set up a separate administrative and operational Headquarters 
for the purpose of running the developing R.D.F. mobile chaiq and the Wireless 
Intelligence Service.4 The Air Marshal stressed that there was no question of 
withdrawing any of the existing R.D.F. sets, as suggested by the Air Officer 
Commanding-in-Chief, Bomber Command, but rather that a vigorous effort 
should be made to produce the additional sets required for the chain and to 
organise a proper system of filtering and reporting. 

1 A .H .B./IIH/147, Encl. 6A. 2 [bid. , Encl. 2A. 
"Air Ministry File S.2538, Encl. 7A, and A.H.B./UH/ 147, Encl. 6A . 
~ Ibid., Minute \. para . 6. · 



The fourth and fifth mobile (G.M.) R.D.F. stations arrived in France by the 
middle of November 1939. The fourth unit was sent to a site at D esvres, where 
considerable difficulty was experienced in setting up owing to the extremely 
boggy state of the ground.1 The fifth R.D.F. unit was sited at Bendrel (Vimy 
Ridge) but this location was unsuitable by virtue of the large nurnber of 
permanent echoes which cluttered up the cathode ray tube, caused by steel 
hoisting gear, large slag heaps, factory chimneys, and other industrial equipment 
in the immediate vicinity of the site. Meanwhile, considerable liaison work was 
carried out with the French authorities. Plans for the filter centres at AlTaS 
and Rheims and the associated line equipment were agreed between General 
Jullien, General Technical Signals Inspector of the French National Defence 
and Air Marshal Sir Philip J oubert.2 In addition, the extension of the chain 
of G.M. stations was constantly under review and p lans were drawn up for the 
subsequent deploymen t of G.M. sets Nos. 6 to 13 inclusive near sites intended 
later for permanent C.O. stations in the French Grand PJan.3 

Formation of No. 5 Signals Wing fo France 
As a result of t he recommendations made after the return of the R.D.F. 

Mission from France, it was decided by the end of November that in order to 
co-ordinate the arrangements in France for the siting, technical maintenance, 
control, and administration of all R.D.F. units in France and their associated 
filter centres, an organisation designated an Air Information Wing should be 
set up.4 This was to work under the technical direction of the Assistant Chief 
of Air Staff (Radio) at Air Ministry but under t he operational and administrative 
control of the British Air Forces in F rance. Suitable accommodation was 
obtained at AIJonville for the use of the Air Intelligence Centre of the new 
Wing. This was to be used as a temporary filter centre until the construction 
of the Arras Filter Cen tre was complete. The composition of this new unit was 
met in December 1939 by the establishment of No. 5 Signals Wing, the original 
title "Air Information Wing " being abandoned. 6 It was decided that the 
Headquarters would undertake the technical control and specialised maintenance 
of all R.D,F. st ations, filter centres, and Wireless Interception Screens in France; 
also th.e Continental Air Movement Liaison Unit and the D /F Identification 
Service. It was intended that the then-existi.ng British Air Raid Reporting 
Liaison Sections with the French for the purpose of liaison between Fighter 
Command and the French a ircraft detection system was also to be absorbed 
by the new Wing, but this was .never put into effect. 

The move of No. 5 SignaJs Wing to France began on 30 December 1939 
a.nd was completed by 20 Januai:y 1940. No. l F ilter Centre was also formed 
a.nd moved to France during this period under the contrnl of No. 5 Signals 
Wing.5 Both the Wing and Filter Centre were located initially at Allonvillc, 
the construction of lhe Arras Filter Centre and its associated landlines being 
far from complete. There had been a considerable shortage of spares for G.M. 
sets in France, so that unserviceability of R.D.F. units in the field had been 
prolonged by lack of replacemen t components.7 The set ting-up of t he new Wing 
with a Section to deal with the maintenance of G.M. equipment enabled Air 

1 Air Ministry File S.1796, Encl. 59A. • Air Ministry File S.2538. Encls. 21 A, Band c . 
0 Air Ministry File S.1796, Encl. 6·l A. 
• Air Ministry F ile S.2538. E ncls. l7A and 20A. and .Air Ministry F ile S.l796, Encl. 56,... 
'A.H.B./IlH/ 147, Encl. 12.A. 6 Air Ministry File S.58993, Encls. 2lB and c . 
7 Air ZI-Ifoistry F ile S.2937. Encls. 4 A and B. 
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Ministry to instruct the manufacturers to deliver spares to Hendon airfield 
direct for despatch by air to the Signals Wing H.Q. It was arranged that the 
Equipment Section of the Wing Headquarters should include one month's 
holding of stores. 

Progress of R.D.F. Cover in France under No. 5 Signals Wing 
In the despatch of the Air Officer Commanding-in-Chief, British Air Forces 

in France, Air Marshal Sir A. S. Barratt, it is stated that " active steps " were 
commenced in January 1940 to build up an R .D.F. Screen on which a more 
up-to-date Allied Air Defence organisation could be based.1 The raid reporting 
screen was intended to extend eventually from Dunkirk to Strasbourg, though 
in February only five R.D.F. stations were working, located at Desvres 
(Boulogne), Calais, Escobecques (near LiUe) . Ficheu (Arras) and Bar-le-Due. 
Information from these R.D.F. stations was being filtered at No. 1 F ilter Centre, 
Allonville. Plans were in hand for the deployment of fifteen mobile (G.M.) 
R.D.F. stations, which were to be increased later tp forty. The sixth R.D.F. 
unit arrived in France early in February and was held at No. 5 Signals Wing 
Headquarters until hard-standings were ready at Damvillers, and until a 
replacement receiver trailer arrived from Eogland.2 The building programme, 
in t he hands of the French, on the Arras and Reims Filter Centres and the work 
on R.D.F. station sites proceeded slowly. It was considerably delayed by 
adverse weather conditions during the winter, so progress in extending the 
mobile chain of R.D.F. cover was slow. No. 6 R.D.F. set was eventually sited 
at Le Gateau by the end of March. 

For all the R.D.F. stations then operating, No. 5 Signals Wing was having 
d ifficulty in obtaining aircraft for calibration flights . These were essential if 
accuracy was to be obtained. The urgent need for aircraft t o be allotted to the 
Wing specifically for performance-testing of individual stations and to obtain 
scientific data was stressed vigorously in correspondence to Air Ministry.3 

The work falling on No. S Signals Wing Headquarters was quite heavy during 
March 1940. To enable the Wing to concentrate on tl1e efficiency of the R.D.F. 
screen, the Wireless Intelligence Screen was transferred from the Wjng, and its 
control divided between Headquarters, Advanced Air Striking Force and the 
Royal Air Force Component of the Field Forcc.4 Planning was going ahead 
to meet t he extension of the R.D.F. mobile system in the event of the Allied 
Armies moving forward into Belgium. As far as the actual development of the 
Mobile R.D.F. Chain was concerned, No. S Signals Wing was frustrated by 
circumstances beyond its control. In April 1940 the Wing was informed 
verbally by Air Ministry that delivery of further G.M. sets to France had been 
held up, the sets which s hould have been sent out for erection at the remaining 
G.M. sites having been side-tracked for other purposes. 

I t was not until 21 April 1940 that preparations we.re complete at the 
Arras Filter Centre, and No. 1 Filter Centre then moved to Arras from its 
temporary location in the Chateau d'Allonville.5 The new centre at Arras was 

1 A.H.B./IIH2/414, Despatch on British Ait' Forces in France, 15 Jam,ary-18 June 1940, 
Air Marshal A. S . .Barratt, page ' 6, and A .H .B./IIH2/178, •· No, 5 Signals Wing­
Administration," Encl. lOA. 

• A.H.B ,/IIH2/190, Headquarters. British Air Forces in France File, Encls. I , 4A, and 24 A. 
~ A.H.B./IIH2/J78, En.cl. 28/1., 
• Ibid .. Encls. 12A, 33A, and Ai, Ministi:y File S.2538, Encls. 26A and B. 
5 Ibid., Encl. 49A. 
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underground, built beneath an old ammunition store under the city waUs, and 
the galJeries ran into the side of a hill. It was of permanent design ; on the 
lower floor was the ground floor of the filter room with its plotters' table in the 
centre. The telephone system was housed in three small rooms-the main­
frame room, the telephone exchange and the accumulator room. The offices 
of the Commanding Officer, Adjutant, Scientific Analysis Officer and the Senior 
French Liaison Officer were also on the ground floor. Above this was a gallery 
surrounding the filter room, from which the Filter Officers controlled operations 
and the French Air Movements Liaison Section worked. The French Grid was 
liSed on the plotting table, so all plots passed from Stanmore had to be converted 
from their Englisl) Grid references. Immediately after the move of No. 1 
Signals Centre to Arras, some twenty French officers and one hw1dred and fifty 
French airmen were attached for liaison and training in the Bri.tish technique 
of running a filter room. 

Dissatisfaction of French with Jack of progress 
Ou 12 March 1940 a further R.D.F. conference was held in Paris between the 

Frencb and British representatives.1 The French were keen to have some of 
their technicians and operators appointed immediately to R.D.F. stations then 
working, The lack of the large permanent C.O. stations was also causing them 
anxiety, particularly as no firm date for their supply was forthcoming from the 
British. General D'Harcourt stated that the programme of supply of R.D.F. 
equipment was considerably behind that promised him by Air Marshal Sir Philip 
Joub~rt during his visit to France in March.2 Despite the British inability to 
meet the supply of RD.F. sets for agreed installations in France about this 
time, the French increased their demands for equipment by requesting R.D.F. 
cover for the South of France to protect that coast in the event of hostilities 
with Italy.3 The Air Ministry had no alternative but to inform -the French 
that no further R.D.F. stations were available.4 

In view of the French dissatisfaction with the. failure of the British to supply 
them with R.D.F. sets, British co-operation was offered to undertake R.D.F. 
production in France. General Jullien, however, indicated that there was no 
such urgency. Mr. Watson Watt had been one of the Bri..tish representatives at 
the R.D.F. conference in Paris in March 1940, and largely by chance he dis­
cove(ed that the French had taken independent action in the production of 
R.D.F. equipment. Mr. Watson Watt visited the laboratories of Messrs. L.M.T. 
(Le Materiel Telephonique), a subsidiary of the International Telephone and 
Telegraph Company corresponding to the British Standard Telephones and 
Cables. Here he had a discussion with the Director, Mr. E. M. Deloraine, and 
-wasinfonned that after these laboratories had been requisitioned on 2 September 
1939, he had been ordered to construct and instal near Toulon for the French 
Navy an R.D.F. station working on a frequency of 48 megacycles per second. 
Mr. Watson Watt declared this was a breach of the conditions imposed by His 
Majesty's Government when R.D.F. was disclosed to the French, whereby all 
manufacture of R.D.F. was reserved to Britain. 6 It was later learnt that another 
firm,· Messrs . SADI R (Societe Anonyme des Industries Rad•ioelectriques), had 
been given the task of producing a 150-megacycles frequency Coastal Defence 
set. Two other firms, Messrs. Radio Industrie, and Messrs. Sociite des Compteurs 

1 A.H.B./UH2/ 177, "R.D.F. Organisation (n France," Encl. IA. 
• Air Ministry File S.4746, Eacf. 811. • Ibid., En.cl. SA, and S.2538, Eacls. 2811, and a. 
• Air Ministry File S.4746, Encl. 3A. • C.LD. 1546'8, para. 3. 
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had also been brought into the field. A London associate of the latter firm, 
Sodete de Compte1~rs, later innocently offered to help Britain by supplying 
details of a system of aircraft location! Dissatisfaction was expressed with the 
method, though not the aim, of the French Government in bringing French 
contractors into the secret of R.D.F. without prior consultation or even 
informing the British authorities of the breach of agreement.1 Genernl Jullien 
offered no explanation of the French failure to consult British authorities but 
at once countered with some heat, saying that he regretted he had not taken 
this action earlier, the British having failed to deliver a single one of the sets 
promised. He admitted the high value of the Briti~h original disclosure of 
R.D.F. informa,tion to the French, but was obviously exwessing the general 
dissatisfaction of the French with British supply measures. 

Of the independent action by the French i11 disclosing R.D.F. secrets to their 
own .fi.nns, Mr. Watson Watt effectively cowmented- " Having thus torpedoed 
secrecy on performance specification, out Allied Navy closed the water-tight 
doors between their chosen contractors and ourselves, maintaining the completest 
seqecy about how we had overcome difficulties which they left their new agent s 
to face de novo. It would be difficult to find a more effective way of jettisoning 
all the good and retaining all the bad in secrecy . ." General Jullien agreed 
that complete interchange of technical information was essential, but did not 
propose a mechanism to bri.ng this about. 

Dissatisfaction with the mobile R.D.F. screen in operation 
Early in May 1940, the Air Officer Commanding-in-Chief. British Air Forces 

in France, communicated with Air Ministry on the failure of the mobile R.D .F. 
screen in practice, and the slow progress being made in the extension of the 
chain beyond i ts very limited existing area.2 He jnstanced a case where a 
German aircraft .flew in from tbe coast at 20,000 feet, passed right over the 
R.D.F. area as fac as Arras and Lille (where there were R.D .F. stations) and was 
not plotted by any of the R.D.F. stations in France, although plots of this 
aircraft were being received from the Filter Room at Stanmore in England 
from Home Chain stations on the south coast of England. Air Marshal A. S. 
Barratt stated that despite efforts Ul1der No. 5 Signals Wing to build up an 
effective R.D.F. screen between January and May 1940, the results from this 
screen could only be described as disappoint.ing ,3 

The No. 1 Filter Centre itself was working, but on quite inadequate material. 
The juformation passed from this centre was regarded by bo.th Genera.I 
D'Harcourt and Group Captain Fullard, Officer Commanding No. 14 Group, 
as of "nuisance value only."4 The continuous parts of tracks given 
were too brief, there was a failure to obtain a good range on high-flying 
aircraft, and there was no identification of aircraft, friend from foe. Thes 
were not fault s of the centre but of the raw material of the information supplied 
to the centre by individual R.D .F. stations. Group Captain Fullard complained 
with justification of complacency about these stations, -and General Jullien's 
criticism that the Filter Centre at Arras-" a very expensive centre "-was 
useless, was true to the extent that no useful information was coming from it 
at the time. 

1 Air Min.i$try File S.4746, Encl. 3A. 
2 A.H.B./IIH2/189. H'eadquaders, British Air Forces in ·France File, "R.D:F. Policy." 

Encl. 8A. 3 A.fr.B./IIH2/414, para. 22. 
' Air Ministry File S.4746, Encl. 13A, para. 11. 
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A picture of the actual performance of each R.D.F. station in the field 
during the major battles of France is given in an interim report on 17 May 1940, 
from Mr. Watson Watt to the Director of Signals. Air Ministry, after his visit 
to France on l3 May.1 The details were as follows :-

No. 1 Station . . (M.B.) Calais. Good set on a poor site. Plots of 
aircraft at 60 kilometres distance agreed within 
S kilometres with plots taken by Dover C.H. station 
on the same aircraJt. 

No . 2 Station . . (G.M.) Le Treport. Set partly modified for one-way 
looking to the orth. Very few plots, performance 
a:epeared poor. 

No. 3 Station, . . (G.M.) Escobecques (near Lille). Poor set on a poor 
site, plots local activity only but had no operational 
value whatsoever. 

No. 4 Stat·ion. (G. M.) Descres (near Boulog:qtl. Bad set on an excellent 
site. No plots seen at all during the inspection. 

No. 5 Stati"01·b (G.M.) Ficheux (near Arras). A good site . The set 
was partly modified for one-way looking but was 
clearly ill-adjusted when seen . It was unserviceable 
due to electrical power failure of the Lister diesel 
engine on the night that Arras town was bombed. 

No. 6 Station . . (G.M.) Le Cateau. This was the best G.M. set in use, 
most completely modified for one-way Jooking but 
the coverage diagram was unduly narrow. Plots of 
over 100 kilometres wer obtained along the line of 
shoot to the North but the ranges were very short 
at 60° of this line. 

Summarising, Mr. Watson Watt observed that none of these stations was of 
·substantial operational use in its existing state, numbers 3, 4 and 5 having no 
operational val11e whatsoever. H e recommended their withdrawal to No. 5 
Signals Wing for modification. 

The Reims Filter Centre was rapidly nearing complebon in May 1940, 
work having been pushed ahead rapidly after the set-backs due to the severity 
of the prevjous wjnter.2 The termination of the land.line facilities and the 
internal wiring of filter room equipment was being done by British G.P.O. 
engineers. Filter room personnel intended for No. 2 Filter Centre had been 
trained at No. 5 Signals Wing Headquarters and were ready for drafting in to 
Reims when required. The French stopped work on the No. 2 Filter Centre 
early in the opening stages of the Battle oi France. As a result, the six British 
G.P.O. engineers and a ll their terminating equipment were withdrawn on 
15 May to No. 5 Signals Wing H.Q. The buildings were subsequently blown 
up. As no additional RD.F. stations had been erected in the Reims area, the 
delay 1n the preparing No. 2 Filter Centre had had no rnatenal effect on the 
Mobile R.D.F. Chain. All R.D.F. units in the field had concise instructions 
from No. 5 Signals Wing Headquarters on the emergency action to be taken in 
eve'nt of having to abandon the station due to enemy action .3 No. 6 Mobile 
R.D.F. Station was urgently recalled from Le Cateau, being in the path of the 
German advance, and the unit was evacuated to No. 5 Signals Wing 
Headquarters. 

1 Air Ministry File S.4746, Encl. 13A, para . I. 1: A.H.B./IIH2/178, Encl. 53A. 
3 A.H.B. /IIH2/ f77, Encl. IOB, and No. 5 Signals Wing, 0.R.B., May 1940. 
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Th,e encuatioo of No. 5 Signa1s Wing fron:a France 
On 17 May, the Officer Commanding No. 5 Signals Wing received instructions 

from the Headquarters, Air Component of the Field Force to evacuate his 
Headquarters, together with No. 1 Filter Centre, to Abbev:i lle. 1 The Filter 
Centre at Arras, which had been in use for a month only, was destroyed before 
it was left. Instructions were issued to all mobile R.D.F. Units except No. 1 
to join the Wing at AbbeviUe. ro. 1 Unit was dismantled, part of the equip­
ment salvaged, the remainder destroyed and the unit was evacuated through 
Calais. On 19 May orders were received to proceed to Le I--Iavre. Here 
No. 1 Filter Centre and the remajning five R.D.F. units ceased to exist as 
separate units, being absorbed into No. 5 Signals Wing.2 Two days later 
the Wing was instructed to retire to No. 2 Base Area, Nantes; the road party 
with technical vehicles spent two days and nights eri route due to the tra·ffic 
eongestion. on tbe roads. The rail party of personnel journeyed nearly five 
days in cattle trucks to reach Nantes. 

The use of R.D.F. in its inadequately mobile form was impracticable for the 
:Buid warfare which had develoeed, and Headquarters, British Air Forces in 
France recmmnended to Air Minfatry that No. 5 Signals Wing should be 
evacuated to England with all its equipment . 3 On 2 June, orders were received 
by ' the Wing to entrain for Cherbourg, the main rail party sailing on the 
following day for Weymouth .4 The prime movers and technical equipment 
were embarked for Southampton on 6 June. 

Causes of Failnre of R.D.F. in France 
In view of the strong opinions voiced by Senior Officers in the French 

Campaign and by Mr. Watson Watt, the application of R.D.F. in the form of 
modified G.L. sets must be regarded as an q.lmost complete failure. The 
limitations of the technical equipment supplied to the mobile R .D.F. units 
was the largest single contributory factor. These R .D.F. sets, produced under 
emergency conditions, were inadequately te ·ted for use in the field. Tbe 
technique of an RD.F. watch over land was previously untried. The chief 
limitations of the equipment when functioning normally were :-5 

(a) Short range due to low height of towers (70 feet). 
(b) Low transmitter power, also reducing the range . 
(c) Blind patches in a vertical plane, often resul ting in an aircraft not 

being observed. 
(d) Uneven range in various directions in the horizontal plane due to the 

configuratjon of the ground. 
(c) The available information for observed aircraft was inadequate for 

operational use because :-
(i) there was no satisfactory height estimation ; 
(ii) there was no identification of enemy and friendly aircraft. 

Even within the range restrictions imposed by the equipment, these sets 
were not always sited to best advantage by the experts responsible for the 
selection of locations well in advance. 6 As a result, the station then had no 
operational value whatsoever although the personnel manning it were working 
quite satisfactorily. ' 

1 No. 5 Signals Wing, O.R.B,, and A,H .B. /IIH2/41-4, Appendix ,. S.'' page 5, 
2 lb1:d. 3 Air Ministry File S.1796, Encl. 78A. •No. ~ Signals Wing, O.R.B. 
6 Air Ministry File S.1796, Folder 1, Encl. 18A. 
1 Air Ministry F ile S.4746, Encl. 3A, para. I, and S.2973, Encl. 20A . 
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The officers in charge of these R.D.F. units in France were very keen and 
were mainly Volunteer Reservists of good technical knowledge. They 
submitted helpful ideas and suggestions to Air Ministry for improving the 
performance of their R.D.F. equipment.1 They were, however, lacking in 
experience and knowledge of Service methods. 2 For the first four months 
in France the units were neglected by the higher formations and, as a result, 
they were permitted too much lax.ity to experiment with their equipment, 
making unofficial modifications in an attempt to overcome the defects in theic­
apparatus, Aerial systems were changed and even frequencies were altered 
on occasions to impro e the performance figores of the station. Although 
these are healthy signs of initiative and enterprise, technical development by 
experiment is not the work of units in forward areas during a campaign. 

· The stations were seriously hampered throughout the whole period by lack 
of spare parts for replacement and repair purposes. During the initial months 
there was no source from which technical sopplies could be obtained quickly. 3 

Up to the end of 1939 thei:e were not even stores references in the Royal Air 
Force vocabulary or secret equipment lists for ordering these components. 
The parts themselves were in extremely short supply. Arrangements had to 
be made for delivery from the manufacturers to be flown directly to France. 
There was undoubtedly a lack of organisation in the supply of spare parts 
for these G.M. sets. Even towards the end of the campaign, spares were 
arriving very slowly; demands raised in March bad not been met in May .4 

This is not a reflection on the equipment organisation ; many of the parts 
demanded were unavailable for the simple reason that they were not even 

. manufactured. Wjth no complete spare R.D.F. transmitter and receiver 
available on each 11nit, a station would be off the air for varying periods for 
routi.ne servicing or for breakdowns. The infrequent availability of aircraft 
to make runs over the stations for calibration and performance checking was 
a serious drawba k to the operational efficiency of stations. 5 No. 5 Signals 
Wing made strong attempts to remedy this state of affairs. 

The reliability of any radio equipment •is never greater than the reliability 
o{ its electrjcal power supply. Each station had one Lister Diesel-Electric 
Generator only. Spare Listers were not available and were not expected to 
be available until May 1940. 6 As a result , R.D.F . stations were off the air 
owing to power supply failure at times when t.hey were most urgently required. 
No. 5 Station at Ficheux, near Arras, was unserviceabJe for this reason when 
Arras town was bombed durjng May 1940.7 

The timely eva uation of R.D.F. units from France effectually prevented 
the capture of equipment of considerable security value. Concern was felt 
however regarding the extent of any compromise which might occur as a result 
of the disclosures of R.D.F. information which had been made to the French. 
A note on this aspect appears at Appendix 57. 

1 Air Ministry File S.1796, Encl. 59A . 
t A.H.B./IIH/147, Encl. GA, and Air MinistTy File S.1796, Folder 2, Eacl. 6E, a.n.d 

Folder 6, Eocl. GA . 
3 Air Ministry File S.1796, Folder 5, Eocl. 60, a.od Air Ministry File S.2937, Eucls. 1 A and 4.A. 
• Air Min.ist.ry File S.1796, Encls. lSA (Folder I) and 67A . 
$ A.H.B./IIH2/178, Encl. 28A . 
6 Air Ministry File S.2937, Encl. SA and Minute 19. 
1 Air Ministry File S.4746, Encl, 3A, para. I. 
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CHAPTER 8 

PROPOSALS FOR EXPANSION AND PROGRESS OF R.D.F. 
ABROAD, SEPTEMBER 1939- JULY 1940 

At the outbreak of war the Joint Oversea and Home Defence Committee, 
which had considered R.D.F. requirements prior to the War,1 had lapsed and 
in consequence no central record was available of the progress in the provision 
of R.D.F. for ports abroad, though material changes had taken place in the 
general situation. The Port Defence Committee of the Chiefs of Staff 
Committee, War Cabinet, therefore reviewed the position in December 1939 
in fhe light of the effect of the War on the relative importance oi ports. Special 
consideration was given Rangoon and the lndfan ports2 The situation regarding 
the supply of R.D.F. was, however, so obscure that further consideration of 
the order of priority ,of supply for ports overseas was deemed unprofitable. 
The Air Ministry was therefore invited to circulate the required information 
to the Committee and include details regarding siting reconnaissance and the 
works services for installa ions of sets already approved. 

The Director of Plans, Air Ministry, prepared a note for circulation to the 
Port Defence Committee on 18 January 1940 stat ing that it was not possible 
to give a definite rate of production, because as the production of one type was 
advanced the others were retarded, and the completion of the home 
emergency programme was the first consideration in this respect. Subject 
to unforeseen emergencies it was estimated that M.B.2 sets would be available 
by May 1940, C.H.L. equipment would be available by June 1940, and C.D. 
sets could not be produced while they were only in the development stage. 
The note was considered immediately by the Port Defence Committee. It 
was ,thought worth while to provide the maximum possible scale of R.D.F . 
at ports where fighter aircraft would be operating defensively, but at ports' 
where only A.A. guns were installed a C.H.L. set would suffice. lt was agreed 
that Alexandria, Aden, Malta, Port Said and Singapore should be equipped 
with both C.O. and C.H.L. sets, in that order of priority, and that Gibraltar, 
Haifa, Freetown, Trinidad, Trincomalee and Hong Kong should next be 
equipped with C.H.L. sets on ly.3 Port Sudan, Rangoon, Colombo, Penang, 
Bombay, Calcutta and Karachi were to be included in the order of pr,iority at 
a later date, and it was also suggested that Canada and South Africa would 
find it desirable to order R.D.F. equipment for Halifax, Vancouver and the 
Cape. · 

At this same meeting of the Ports Defence Committee there was a discussion 
011 the inadequacy of the machinery for a]lotting R.D.F. equipment. It was 
suggested that the best means of securing a reasoned order of priority would 
be for the Deputy Chiefs of Staff to deal with this matter in a similar manner 
to that in which they bad already dealt with the allotment of A.A. guns. The 
Air _Ministry, as the responsible department for supply ing R.D.F., would be 
able to prepare a statement every month showing authorised demands, the 
probable production, and the proposed allocation.4 The approval of the 
Deputy Chiefs of Staff Sub-Committee was invited to this proposal. 

1 See Chapter 5-R.D.F. Overseas-Pre-War. 
1 Air Ministry File S.40952, Eucls. 121A, 123A. , 124A and 127A. 
• !/}id. 
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The Inter-Services R.D.F. Committee met on 9 February 1940, to consider 
bow tl1e requfrements of the first five important ports could be satisfied. The 
provisional programme agreed upon was :-1 

Alexandria M.B.l (already there) C.H.L. in May M.B.2 in mid-March. 
Aden M.B.1 (already there) C.H.L. in May M.B.2 at end of March_ 
Malta M.B.l (already there) 
Malta M.B.2 in April C.H.L. in May M.B.2 at end of March . 
Port Said M.B.2 in April C.H.L. in May 
Singapore M.B.2 in April C.H.L. in May 
Instructions were also given by the Committee for the preparation of a state­
ment to show proposed production, authorised requirements and suggested 
allocation of the various types of R.D.F. stations for submission to the Deputy 
Chiefs O"f Staff for their approval. In this manner the Committee was to 
receive guidance on the strategical aspect of the allotment of the principal 
types of R.D.F. sets. 

Pressure from I.he Middle East for more R.D.F. installations 

In January 1940, three sit es had been selected for R.D.F. stations in Egypt 
at Alexandria, El D 'Aba, and 20 miles West of Helwan. The Air Officer 
Commanding-in-Chief, Middle East, concurred with the suitability of t hese 
sites to guard against attacks from Libya, but urged that the allocation was 
insuffi.cient as .he desire.cl to prepare for the threat nf German bombers from 
Bulgaria.2 He also wanted a further two mobije (M.B.) sets to be provided as 
potential cover for a proposed .air contingent proceeding to Turkey. Air 
Ministry was ·unable to meet this request. The scientific officer, Flight 
Lieutenant Atherton, attached to Headquarters, 'Middle East, l1ad by March 
1940 completed his report giving siting recommendations for C.0. and C,O.L. 
stations .3 These were as follows:-

C.O. Stations Ikingi Maryut 
Wadi Natrun 
Cairo 
Damietta 

.0.L. Stations .. 
Ismailia 
Aboukir 
Port Said 
Cairo 

Although in complete agreement with these proposals, the Air Officer 
Commanding-in-Chief, Middle East, realising the time taken to site and erect 
R.D.F. stations of these types, was not satisfied with the actual provision of 
R.D.F. cover for the Middle East, and pressed in a personal signal to Air Ministry 
in July 1940 for the supply of ;-4 

6 further M.B. stations for Egypt. 
l (additional) station for Aden. 
At least one, preferably two, for each of Mombasa, Khartoum and Port Said . 
. 1 or 2 (additional) for Malta. 

~ Air Ministry File S.40952, Encl. 136A. 
The term " C.H.L." ceased to be used for ovei;-seas. low cover sets ~a February 1940 ; tb.ey 

were then caUed "C.O.L." stations. The chief difference between C.0.L. and C.H.L. 
eq uiprneo.ts was tba.t the former were semi -tropicalised. 

n Air Ministry File S.5734 , Encls. 13A, 16A and Air Ministry FiJe S.47125, Encl. 90A. 
:i Air Ministry File S.47125, Encl. 128A. • Ibid., Encl. 1720. 
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The representations of the Air Officer Commandin,g-in-Chief, Middle East, 
could not be ignored. There has been some delay in implementing the decisions 
of the Port Defence Committee meetil)g of January 1940, as this committee 
had been acting on information which later proved to be inaccurate.1 At a 
further meeting on 22 May 1940, a decision was taken that R.D.F. cover 
against hjgh-flying and low-flying air attack was to be provided at all the ports 
for which C.O. sets were to be supplied and also at Kilindini. ln addition, 
on 2 July 1940, the Air Ministry wished Port Sudan to be added to the list. 
The following revised order of priority for the provision was recommended by 
the Inter-Services R.D.F. Committee (upon which the Port Defence Committee 
was then represented) :-

1 Alexandria (Ikingi Maryut) 
2 Cairo (Gebel Qatrani) 
3 Wadi Natrun, Egypt 
4 Damietta 
5 Suez (Ismailia) 
6 Additional station in Egypt 
7 Malta2 

8 Aden 
9 Gibraltar 

10 Haifa 
11 Singapore 
12 Khartoum 
13 Port Sudan 
14 KiJindini 
15 Freetown 
16 Trinidad 
17 Hong Kong 
18 Trincomalee l 
19 Rangoon 
20 Colombo rDeferred 
21 Penang j 

This proposal, approved by the Treasury Inter-Service Committee, was the 
stage reached at the time of the emergency at home occasioned by the fall 
of France. 

Egypt 
The mobile R.D.F. station, situated at El D'Aba on the Egyptian coast mid­

way between Alexandria and Mersa Matrub, had been working for six months 
by November 1939 when Air Chief Marshal W. P . Mitchell, the Air Officer 
Commanding-in-Chief, Middle East, rendered a report on the performance of 
this station to the Under-Secretary of State for Air.3 He explained t hat the 
original intention to use this R.D.F. station in its mobile form to test the 
suitability of various sites in Egypt for R.D.F. working had not been carried 
out. since the political situation in Egypt at the time and the necessary pro­
vision of R.D.F. cover against air attack for the Fleet in Alexandria harbour 

1 Air Ministry File S.442ll, Eocl, 69A. 'these decislons ,o f the Port Defence Commjttee 
were gjve.n earlier io this chapter. 

2 Malta.. The plans for the C.O. station were temporarily suspended owing to enemy 
bombing, but there was no suspension of tb.e C.O.L. provision. 

3 Air Ministry File S.47125, Encl. 80A. 
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had precluded such site-testing_ The Air Chief Marshal expressed his grave 
concern at the limited range of this mobile station and i ts inability to determine 
the height of aircraft. He pressed strongly for a C.H. station to be provided as 
soon as possible. Replying at the end of November 1939 the Air Ministry 
informed the Middle East Command that the priority for the provision of 
R.D.F. stations in Egypt had been reduced owing to increased commitments 
in the United Kingdom and France under the initial condition of war.1 However, 
in order to im_prove the performance of the mobile R.D.F . equipment already 
in use, 250-foot high special timber masts already promised for the aerial system 
of the mobile R.D.F. set were prt>vided. These were rushed out in J anuary 1940 
by the Navy at " emergency speed." 

Meanwhile in antidpation of the arrival of a further two M.B . sets, plans 
were made for their installation on sites at Aboukir and Ikingi Maryut, near 
Alexandria. Consequently it was decided to erect the 250-foot masts at I kingi 
Maryut immediately they arrived.2 The mobile M.B. station at El D'Aba was 
withdrawn fo;r overhaul and re-erected near Aboukir for the purpose of giving 
warning to the A.A. guns against possible long-range German aircraft attack. 
The selection of sites for R.D.F. stations had not been easy. It was essential 
that firm foundations for buildings and the erection of towers should be ayailable 
and although many sites were found which were satisfact.ory with regard to 
height above sea level, the presence of shifting sand dunes, sand quarries, 
antiquity excavations and the lil<.e e11forced a renewed search for other sites 
with firm foundations. 3 

Another difficulty was the absence in the Command of technical officers who 
were experienced in the operation and maintenance of R.D.F. installations. 
Knowledge of the behaviour of radio components under Middle East c0.nditions 
was scanty even with the experts who were eventually sent out. Humidity 
played havoc with the installations until tropicaiisation of all sets was effected.<l 
Considerable assistance was, however, afforded to the Command when R.D.F. 
technical officers from England arrived. Flight Lieutenant Weakes, of the 
Air Ministry Research Establishment, was sent to Egypt to assist with the 
erection of the aerial arrays on the new 250-foot masts, and early in February 
1940, two officers, Flight Lieutenant J. F. Atherton and Flying Officer Cotten of 
the Directorate of Communications D evelopment, Air Ministry, also arrived to 
give technical assistance with the existing equipment and to make recommenda­
tions for future development and siting of R.D.F . stations throughout the 
Command. 5 Flight Lieutenant Atherton paid a visit to the mobile A.M.E. 
station at Abouki.r at the end of February 1940. His technical report, submitted 
t o the Director of Signals, Air Ministry, gives a detailed account of the per­
formance of this M.B. station 6• He found that the equipment gave a slightly 
reduced range estimation, a nd that some indication, rough only, of the height 
of an aircraft was being obtained. 

By May 1940 the work at Ikingi Maryut was proceeding rapidly ; transmitter 
and receiver huts and a power house had been built.7 The 250-foot aerial towers 
were in the last stages of erection. In order to improve the power supplies, 
two 25-KVA 3-phase Diesel-electric generators were being sent from England. 
The two expected M.B. sets had also arrived, one of which was to be located on 

1 Air Ministry File S .47125, Encls. 87A and E, 94A, and Air Ministry File S.5734, Encl. 8A. 
2 Air Ministry File S.47125, Encls. 47A, 48A, and Ai1· Ministry File S.5734, Encl. 19A. 
3 Jb-id., Encl. 47A. 4 Ibid., Encl. 94A. 5 Ibid., Encl. 100c. 
6 AirMinistryFileS.47129, Encl. 122AandB. 7 Jbid.,Encl.147,1.. 
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the old site at El D'Aba. There was a temporary set-back on this ~ite, however, 
the transmitting aerial tower being completely destroyed by gales.1 Early in 
June the R.D.F. cover was vastly improved, although slill far from perfect. 
The two new M.B. sets were now in operation and, with the original M.B. set 
formerly installed at El D'Aba, formed a three-station chain,2 Ikingi Maryut­
Aboukir-El D'Aba. Ikingi Maryut had 250-foot masts and the other two had 
70-foot masts. • 

As has already been stated the Air Officer Commanding-in-Chief, Middle East, 
was still not satisfied with the existing R.D.F . cover or the plans for the future. 
He requested a further six M.B. stations for Egypt by personal signal to 
Air J.finistry.3 Air Ministry pointed out that additional supplies were governed 
by avai1ability of radio gear and trained' crews to man it, but two further 
M.B. sets and crews were diverted to the Middle East at the beginning of July 
1940. The higher power M.B.2 transmitter and the R.F.7 receiver were in 
fact ready in the United Kingdom for despatch to Ikingi Maryut. 

The 250-foot high aerial towers at Jkingi Maryut must have attracted the 
attention of the enern.y Intelligence, for the station was bombed twice on 16 July 
1940.4 Fortunately no damage was done to the M.B. equipment or the masts, 
but the technical stores were damaged. The transmitter and receiver were 
removed from their huts and placed below ground and urgenl demands for 
replacement valves were sent to the United Kingdom. Thus, at the time when 
Britain was facing its most critical hour after the Dunkirk evacuation, R .D.F. 
stations in Egyp.t were also receiving the enemy's attentions. 

Malta 

At the outbreak of war the only R.D.F. installation working in Malta Was 
the M.B. set situated at Dingli at a height of 800 feet. 5 Technically the equip­
ment was giving a good performance. The transmitting aer.ials were arranged 
to "illuminate " over a full 360° so that all round R.D.F. cover was obtained. 
The aeiial system was mounted on four wooden telescopic towers'70 feet high. 
In order to improve working conditions and mitigate the effects of high 
temperature on the set, the equipment was housed in stone buildings. The 
results obtained Were good for the equipment in use. Single aircraft were 
detected at 70 miles at 10,000 feet and at 30 miles at 2,000 feet. No height 
measurements were possible with this equipment. Unfortunately, with only 
one set, the necessary servicing limited the watch to approximately 12-16 hours 
per day. 6 In order to give the full 24 hours daily R.D.F. cover to the Island, 
a second M.B. set was sent to Malta early in July 1940. This was sited at 
Dingli also, and thus continuous watch coverage was achieved. In consequence 
of hostile bombing it was necessary to defer part of the proposed installation 
of the permanent C.O. sets at Dingli.7 • 

Aden-
Considerable delays occurred before the mobile R.D.F. station was operational 

at the site at Aman Khal Fort, although the equipment had arrived at Aden 
just 'before the outbreak of war.8 The original difficulties were due to labour 

1 Air Ministry File S.47129, Encl. 145A. ~ Air Ministry File S.47125, Encl. 166A. 
' Ibid., Encls. l 72s. 173A. l 76A. • Air Ylinistry File S.5734, Encl. 43A. 
• Air !vlinist.ry File S.47124, Encl. l 06c. • Ibid., Encl. 1060. 
7 Air Minis try File S.4421 ! 1 Encl. 67A. 
• Air Ministry File S.1056, Encls. 29.~. 30A, 34A, and A.H. B./IIE/70, R .D.F. ·overseas 

Folder, !Yfinute 19. 
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troubles and lack of knowledge of tower erection. The completion of the 
Works Services did not end the delay, and the Air Officer Comm.anding, Aden, 
asked for assistance from Air Ministry. A technical officer was despatched to 
investigate the trouble.1 The packing case containjng the receiver had been 
flooded by a cloud-burst during installation, necessitating some re-wiring 
which was done incorrectly owing to the absence of blue-prints. In addition 
persistent breakdowns of technical components occurred and the tropical, 
humid climate was affecting the soldered joints.2 The officer observed in bis 
report that much of, the initial ineffici_ency of this station had been due to the 
personnel not being experienced enough to use the equipment, and that a more 
thorough testing of the radio gear sent overseas should have occurred in the 
United Kingdom prior to despatch. Lack of stores and other facilities mad~ 
experimental work on site a very difficult and haphazard proceeding. 

By March 19401 the station was operating but only on t he seaward quadrant. 
Further investigation showed that lack of performance on the landward side 
was due to a long 1·ange of hills in the hinterland causing permanent echoes. 
After continued experience, R.D.F. operators became sufficiently skilJed to 
distinguish aircraft indications among the permanent echoes. By the time 
Italy declared war the station was working satisfactorily. One Army G.L. set 
was installed by the garrison, a.nd H.M.S. "Carlisle," which per,iodically 
visited Aden, was also eq,1ipped with a G.L. set. Continuous R.D.F. cover was 
thus maintained, despite periodical overhauls or temporary breakdowns, by 
amicable inter-Sen-ice co-operation. 3 

By July 1940, Malta, Egypt and Aden all had some measure of R.D.F. cover. 
Fortunately, the R.D.F. equipment on Malta was functioning best, and it was 
there that efficient raid reporting was required most of all. Progress in the 
installation of R.D:F. equipment overseas had been s1ow. The non-availability 
of apparatus, shipping delays in wartime, and the lack of experience in the 
operation of RD.F. equipment in bot climates, all contributed a delaying effect 
on the overseas R.D.F. programme. 

l Air Ministry File 5 .1056, Encls. 38A and SSE. 
9 Ibid. , EncJ.. 61 A . 

~ Ib·il;i,;, Ends, 5211i, and 58E. 
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CHAPTER 9 

THE HOME CHAIN UNDER THE THREAT OF INVASION 
(MAY-JULY 1940) 

When the Germans moved into Denmark and simultaneously launched their 
invasion of Norway on the night of 8 April 1940, the Air Component of the 
British Expeditionary F orce for Norway was already assembled at the Royal 
Air Force Station , Uxbridge . This_included four Transportable Radio Units 
destined to give R.D.F. cover for the ground forces after landing. An R.D :F. 
reconnaissance party of two officers visited the Narvik area immediately after 
the Expeditio11ary Force had landed, and toured the district. They reported 
that M.B. and G.M. transportable R.D.F. stations would be valueless there 
because 0£ the ext remely mountainous nature of the terrain.1 Only C.H .L. 
-stations would have had any real value. The Officer Commanding the Air 
Component of the North-West E uropean Force therefore decided on 29 May 
that there was no immediate need for R.D.F. facilities in North Norway, and 
the Transportable Radio Units did not embark. 

After the evacuation of the Expeditionary Forces from Norway the Germans 
he1d an extended coastline facing the north-eastern coast of Britain. Some 
improvement in R.D.F. cover jn t his area was necessary and three further 
C.H. stations were proposed immediately for the north-east of the British 
fa tes, at North Unst, Sum burgh and Sanday. 2 The Inter-Services R.D .F. 
Committee also approved C.H.L. stations commensurate with the above 
<;ommitments, in order to cover the Orkneys and Shetlands area. 

The Fall of France and Emergency E tension of the Home Chain 

As the enemy advanced towards the Channel during May 1940, not oruy was 
additional R.D.F. cover required in Britain along its north-eastern coast, but 
also for tbe western districts. On 25 May, at a meeting at Air Ministry, the 
Director of Home Operations laid down the priority of requ irements as :- 3 

(a) De-fence of London from the Channel Approaches. 
(b) Strait of Dover to the Humber. 
(c) Lizard to Bristol Channel. 
(d) Liverpool to lyde. 
(e} Hwnber to Shetlands. 

To meet the demand for increased cover, the following R.D.F. stations were 
required :-C.H.L. stations at Rye, Pevensey, Poling, Rowe Head, Black Head, 
Dunkirk, Hopton, Skendleby, Flam borough. Head ; C.H. sta ions at Hawks Tor 
and Lizard ; both C.H. and C.H.L, stations at Swanage, West Prawle, Newquay, 
Tenby, Stranraer, Antrim . A pool of twelve M.B.2 mobile stations was to be 
formed for Advance stations or to replace stations knocked out by enemy 
act ion. 

1 Air Staff Folder, Component Field Fore~ No. 2-0bsen,er Si tes and Wireless Screens, 
A.H.B./II:E-15/1 /6 1, Encl. I 2A. 

~ Minutes of t.he Inter-Services }'l,D .F . Committee, l lth Meeting, 6 J tme 194.0. 
A.H.B./IIE/68. 

3 Headquarters, _ o. 60 Group File 60G/S.400/AIR, "C.H. Policy- New Stations, " 
Encl. 9.B, 
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No. 60 Group undertook the task of co-ordinating this programme of eight ~H. 
stations and fifteen C.H.L. stations. The target date for the C.H.L. "cras11" 
programme was 8 July 1940.1 No specific date was fixed fot the <:.ompleh.on. ot 
the C.H. installations. To assist in temporary cover, the Group had already 
available some six rnobiie M.B.2 stations. During May it was decided to 
increase the reserve pools. Two pools of twelve mobiles each were formed for the 
north and south areas of the Chain. 2 In order to facilitate No. 60 Group's 
effort in meeting this emergency expansion, No. 2 Installation Unit was handed 
over to the Group on 7 June 1940, and later in the month its establishment was 
raised from 343 to 508 personnel. Experienced personnel to fill this increase 
were difficult to find, however, and the Unit had to continue working below 
strength. It was made responsible for :- 3 

(a) Completion of the East Coast C.H. stations to four-frequency working 
-and the West Coast Chain to two frequencies. 

(b) Completion of the mobile stations programme .. 
(c) Modification to C.H.L. stations of eight mobile G.M. stations. 
(d) Assembly, testing and despatch of all R.D.F. equipment for stations. 

overseas. 
(e) All heavy maintenance work at home beyond the capacity of the Radio­

Maintenance Units. 
{/) The fabrication of a ll parts to cover replacements not normally available 

through contractors. 
(g) Installation of any additional stations in the Home Chain. 
(h) Assembling, testing and installation of mobile C.H.L.s then being 

initially intrcduced into service. 
(i) Any necessary modifications of all types of Ground Home R.D.F., both 

fixed and mobile. 
(j) The ''cleaning-up'' of existing C.H.L. stations and installation of 

duplicate transmitters and receivers at those stations. 

Technical Modifications to C.H.L. Stations 

The last item was a heavy commitment, .as major improvements to C.H.L. 
equipment were being made.4 At the end of May 1940, the Air Ministry 
Research Establishment had experimented with a motor-driven C.H.L. aerial 
array at Douglas Wood Station capable of sweeping through 180° in 65 seconds. 
In May a turntable and mast had been evolved which carried botn the trans­
mitter and receiving aerial arrays on one gantry. Previously, all aerial rotation 
on C.H.L. stations had been done by hand turning; the minimum rate of sweep 
allowed being eight minutes for a coverage of about 180°. 

In Ji1ne a cathode ray tube display using a radial time base, called the Plan 
Position Indicator (P.P,I.), was suggested as a means· of increasing the speed 
of plotting. 5 In this tube the time base, normally horizontal and stationary in 
cathode ray tubes in other R.D.F. stations, rotated in conformity with the 
rotation of the aerials, giving a plan picture of the aircraft's position, doing 

1 No. 60 Group File 60G/S.40(l/AlR, Encl. 9B. 
11 A.H.B./IIE/68, R.D.P . Inter-Services Committee. 9th Meeting, 11 May 1940. 
3 A.H.B./IIE/64, Folder," Organisation of No. 60 Group," Encl. 19A. 
• Air Ministry File S.55153. Part II. Encl. 38B and 79A, O.R.S./4/ 1/2. 
5 A.H.B./UE/68, Minutes of Inter-Service R.D.F. Committee. 
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away with the need for direction finding by the goniometer method. 
It covered up to 60, and later 90-mile ranges. The new tube was installed at 
the C.H.L. station at Foreness for testing.1 

By the second week of July 1940, the date of the fust large-scale day attack 
by enemy aircraft on shipping in t he English Channel, the Chain had been 
enlarged by C.H.L. stations at Gaitnip (Orlmeys), Poling, Worth Matravers 
(28 May), West Prawle (15 June), Beachy Head (16 J une) and Carnanton 
(26 June).2 C.H. statjons were ready for operations at Worth Mat ravers, 
Hawks Tor (29 May), West Prawle (JS June), Goon Hilly Down (later Dry 
Tree) (20 J une). Camanton and Warren (24 J une). A new Filter Room was 
opened at No. 10 Group Headquarters near Bath to which stations from West 
Prawle westwards all reported. To keep pace with these new installations, the 
training of personnel to man them had been stepped up. On 12 June 1940 
Yatesbury Radio School opened a training centre for W.A.A.F. R.D.F. 
Operators. 3 

During May and J une 1940, the Germans increa~ed their use of aircraft for 
mine-laying operation in British port areas. Although the approach of the 
hostile aircraft was usually observed by the Chain, when the enemy adopted 
diversionary tactics of mixing mine-laying aircraft with bombers proceeding 
inland or high-flying decoy aircraft., difficulties were experienced in identifying 
the mine-layers. The mine-laying aircraft usually dived, with its engine 
throttled back, to the low altitude necessary to lay the mines safely. 
Experiments were conducted to determine if C.H.L. stations could observe the 
min,e after it had been released from the enemy aircr:aft. The actual location 
of the mines was of great importance : since their presence resulted in the 
closing of harbours to all shipping until the laborious process 9f sweeping the 
entire navigational channels had been completed. The experiments were not 
successful, although tl1e C.H.L. station reports on the exact location of the 
enemy aircraft's dive position were of some help. 

With the falJ of France the danger of invasion across the English Channel 
became imminent. The Admiralty asked the Royal Air Force, through t he 
medium of the Inter-Service Committee on R.D.F., whether warning of the 
approach of troop~carrying craft, mine-sweepers, coastal motor boats, mine­
layers and other surface craft could be given by the C.H .L. stations at Dover, 
Foreness, Walton, Dunwich, Walcott and Swanage.~ The Air Officer 
Commanding-in-Chief, Fighter Command. was reluctant to accept the commit­
ment because of tb.e difficulties involved. The stations were in any case 
pre-occupied with watching for aircraft and would undoubtedly be i ully engaged 
during raid periods. There would be no means of identification as our own 
surface vessels. were not fitted with I.F.F. equipment. Moreover some means 
of passing the information was necessary, and probably a special plotting 
organisation would have to set up at a Naval headquarters. with direct 
telephone lines. The Inter-Service Committee recommended the erection of a 
new C.H .L. station in the Foreness area, ma.nned by Royal Air :Force personnel, 
solely for the purpose of locating surface craft. Stations at Dover and Bawdsey 
were made more capable of reporting surface craft at the same time as they 

1 This was typical of the way in which operational R .D.F . stations were the subjects of 
research and developn:ient at that time, 

2 No. 11 (Fighter) Group, O.R.B., May/June 1940. These locations are shown on 
Map No. l. 

9 No. 2 Radio School, O.R.B .. June 1940 .. 
i A.H.B./IIE/68, Minutes of Inter-Service R.D.F. Committee, I Ith Meeting, 6 June 1940. 
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searched for aircraft, by the installation of long after-glow type cathode ray 
tubes. This device caused indications of aircraft or ships to persist on the tube · 
for a period of some seconds after it first appeared, thus making the work of 
reporting a number of simultaneous indications much easier. 

At the beginning of July the Air Ministry agreed to allow watching for surface 
craft to be undertaken, provided that previous warning to expect hostile surface 
craft was given to the station, or in weather conditions which were adverse to 
air reconnaissance, or in cases of the concentration of ten or more ships; and 
otherwise, whenever possible.1 Land-line communications from C.H.L. stations 
to appropriate regional Naval headquarters were provided, and the Admiralty 
published a memorandum showing which C.H.L. stations were required to do 
this work, the stations lying along the south~east coast being the most 
important. 

If invas,ion were to occur, it was anticipated that simultaneously with the 
approach of sea-borne forces, enemy troops would probably be landed in this 
country from gliders. How nu1,ch information C.H. and C.H.L. stations would 
be able to give, or even whether they could detect non-metal gliders, was not 
known_:i It was thought that such gliclers would be released from the German 
towing aircraft some distance from our shores. Investigations were therefore 
undertaken as a matter of urgency by Fighter Command. During the next 
four weeks Air Ministry Research Establishment conducted experiments and 
issued a report on the R.D.F. observation of non-metallic gliders. An isolated 
aircraft with a glider in tow produced a characteristic echo whid1, by a splittng 
effect, indicated the release of the glider. The latter could then be observed as 
a separate and distinct echo, but of smaller magnitude than the echo of a 
power-driven aircraft at a similar range. The maximum range at which a 
glider could be observed by a C.H. station was of the order of 30 miles. It was 
apparent, however, that the complex echo concentration to be expected in the 
.case of a substantial number of aii:craft with gliders would render positive 
identification of ghders unlikely. Mr. Watson Watt expressed the view that 
the common-sense way to identify an echo from a glider was by noting its 
relatively low speed over the ground. 

Since the Home Chain was designed to .give R.D.F. cover to seaward only, 
it was clear that once the gliders had passed the coast R.D.F. information on 
them would cease. The need for inland-looking or alternatively inland-sited 
R.D.F. stations now arose to cover the South-East of England. One mobile 
G.M. station from the reserve mobile pool was therefore sited inland in Kent 
and three existing C.H. stations on the Norfolk and Suffolk .coasts were to keep 
an inland-looking watch in addition to their normal one by bringing their 
second receivers into operation. These were the !,itations at Canewdon, High 
Street and West Beckham.3 

During May 1940 Headquarters No. 60 (Signals) Group foresaw new R.D.F. 
difficulties if the enemy resorted to mass raids.4 C.H. stations could not present 
a clear picture of more than about twelve tracks at a time. Tbei( rate of plotting 
was hardly fast enough to allow a minimum rate of one plot on each of these 
tracks every two minutes. In addition, tracks of aircraft which merged close 
together became easily confused. To alleviate difficulties when large numbers 

1 A.H.B./IIE/68, Minutes ot lnter-Service R.D.F. Committee, 13th Meeting, 4 July 1940, 
tbe Admiralty Mewo. 

• ,bid., 11 th Meeting, 6 June 19·40, para. G, sub-para.. (ivJ. 3 Ibid., para. 2, sub-para. (c). 
~ Head:qua.rters, No. 60 Group File 60G/S.l/4/A[R, " Filter Room Procedure." Encl. 5A.. 
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of aircraft might have to be plotted, Headquarters, No. 60 Group submitted to 
Fighter Command that a second cafuode ray tube should be added to work in 
parallel with the e>.isting tube as a" sorter." It was evident that in conditions 
of heavy activity, stations would be unable to plot all the aiTcraH showing on 
the tube ; nor would filter room plotters be able to make use of them. 

The Research Section at Headquarters Fighter Command took up this 
suggestion and passed it to the Telecommunications Research Establishment. 
There, elaborations on a simple tube in paraJlel were visualised as a matter of 
future policy, eventually emerging in 1942 in the" Console" . It was unfortu­
nate that the original suggestion was not acted upon, as mass raids had to be 
reported during the Battle of Britain on C.H. stations using the s ingle tube. 
The idea was ultimately tried out during September 1940 when the stand-by 
receiver, R.F.5, was manned as a " sorter tube " at Pevensey and proved very 
helpful. C.H.L. stations were even more quickly saturated by large raid'> than 
C.H. stations. Their rate of sweep and plotting were slow, so that to follow 
more than two tracks was almost impossible.1 There were some allegations of 
lack of conscientiousness in sweeping on the pa.rt of C.H.L. Operators. These 
were hardly justified. The hand operated aerial turning gear gave endless 
trouble and, "in a wind of 35 m.p.h., it was often impossible to control the 
rotation. Scanning in these circumstances became exhausting and often gave 
good reason for pauses in the normal rotation procedure. Furthermore, in 
periods of fairly heavy aerial activity the cathode ray tube was so full that 
often nothing could be gained by turning the aerial. 

Although remarkable progress had been made With the extensions to the 
Home Cha.in of C.H. and C.H.L. stations during May and June 1940, the 
R.D.F. raid reporting system was by no means perfect when the assault of the 
LuflitJajfe began in July. The C.H. stations had not reached their planned 
'.' Final "stage and the C.H.L. stations were all of an emergency non-prototyped 
form. A compromise had been made between the desire for technical ,perfection 
and the necessity to have the fullest possible R.D.F. raid reporting system 
functioning as quick1y as possible. 

-' Headquarters , No . 60 Group File 60G/S.51 /6/Ops ., '' Ops. Procedure-C.H.,L. 
Searching, " Encl. I A. 
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CHAPTER 10 

R.D.F. RAID REPORTING DURING THE BATTLE 
OF BRITAIN 

The Battle of Britain is taken as beginning on 10 July with the attacks on 
British shipping in tbe English Channel and continuing until October when, 
after the bombing of London, the assault gradually declined as a daylight 
operation. The offensive was an essential preliminary to the invasion of 
England by the Germans and was planned to take place in stages during which 
shipping, ports, docks and coastal towns, Royal Air Fotce airfields and installa­
tions, and finally the city of London were successively the targets for attack. 

As far as the R.D.F. Home Chain was concerned the performance and 
organisation of the equipment were to be thoroughly tested, as were also the 
skill and endutance of the operating and maintenance personnel. J ammmg 
and bombing of R.D.F. stations were experienced. It was to be shown whetqer 
the results of the scientific research and technical organisation built up in the 
previous five years could provide the Air Defence organisation with the early 
detection and continuous recording of movements of hosWe aircraft, .informa_­
tion which was essential to enable the Fighter Squadrons to defeat them. 

The R.D.F. Chain at this time was by no means in the fully developed and 
highly trained state which it attained in the later stages of the War. 
Technically there was still much to be desired. The transmitters and receivers 
were fairly reliable and effective, but the aerial systems had not been developed 
to the stage of a satisfactory prototype. The search for the best type of aerial 
to suit all stations was still going on at the time of the Battle of Britain and 
did, in point of fact, continue until a much later date. Scientists who could have 
been concenti:ating on the solution of aerial problems had continually been 
called away from their laboratories, from the time of the Munich crisis onwards, 
to assist in the setting up of aerials on stations being brought into operation 
at emergency priority.1 

Careful calibration was necessary before reliable height finding could be 
expected from the aerials in use. The task of calibration entailed the -flying 
of helicopters and balloons in the English Channel and was only permissible 
in certain conditions of weather to give some measure of safef from hostile 
interference. Moreover, although Fighter Command was sometimes critical 
of the accuracy of height finding, they were naturally reluctant to allow stations 
to spe.nd time on anything but th!'! primary task of watching for hostile raids. 
The stations were capable, after calibration and in the hands of an experienced 
operator, of giving accm~te heights. Even so, there was always -"' source of 
height error, in that the only method of calculation then available contained 
a chance of ambiguity, which could not be resolved at the R.D.F. station save 
_by virtue of the experience of the operator. 2 

1 Constant work Oil aerial a uays and feeder lines was necessary in any case during the 
Battle of Britain period becat1se a satisfactory methcld of weather-proofing had not been 
found, and the entry _of water into the -feeder lines caused performance to deteriorate 
grad11ally to the point where replacement was \lDavoi.dab1e , 

2 There was also another source of error in he.ight finding. Height 1·eadin.g was a cumber­
some process, especially for inexperienced operators, dur.iag which it was possible to lose 
the broad p icture in ]?Ian position of the raid or raids being reported. It was the practice, 
therefore, to read only one height Cot every four plots or so. Enemy formations were 
frequently reported while many miles from the coast and still engaged in gaining additional 
height. Ttie re$\1lt wa.$ tba.t British fi$hter aircraft sent to intercept them found them 
110ticeably higher than had been reported. 
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Estimation of the number of aircraft present in an observed formation was 
also dependent on the skiU and experience of the individual operator. The 
difference betw'een the indications given by one, two or three aircraft was 
easily distinguishable, but formations of twenty, sixty or a hundred and fifty 
gave responses of varied shape, size and characteristjcs which could only be 
" counted " by an operator who had seen similar indications previously, and 
had learnt what they represented. 

There. was therefore ah urgent need for operators who had considerable 
experience, in addi.t.ion to a normal facility for accurate perception and quick 
thinking. The need, moreover, was rapidly increasing, and the supply· lagged 
behind, causing an acute shortage of trained personnel. Successive extensions 
of the .Chain had been made to give increased cover , and the decision on 25 April 
to instaJ an additional eight C.H. and fifteen C.H.L. stations had seriously 
overloaded the training facilities available. The operators' course had to be 
shortened to three weeks duration, in which young men and women who had 
ji1st been called up were hurriedly instructed in the elements of the new trade, 
before being posted straight to operational RD.F. stations. An effort was 
made to offset the rawness of the newly fledged operators by careful selection 
of the best possible material before training. 

First Phase of the Battle of Britain, 10 J uly-7 August 

Although 8 August 1940 is the day popularly known as the beginning of 
the Battle of Britain because i t was then that air fighting over England began, 
the real commencement of air attacks was on 10 July when the German Air 
Force star'ted a series of raids on British shipping convoys in the English Chanoel 
and to a less degree in fhe Thames estuary ,1 The German policy during this 
period was towards t1}e establishment of superiority over the waters of the 
English Channel and the exhaustion of our Metropolitan Fighter Force. 

Between 10 and 19 July, German air operations were of one type. A force 
of bomber aircraft would form up over the French coast, fly directly to a shipping 
convoy, bomb and retire quickly, leaving a fig·hter escort to ac;t as rearguard 
and fend off the attacks of British fighters. 2 R.D.F. Chain stations on the south 
coast were able to observe the German bombers forming up in the air at their 
rendezvous, usually in the Pas de Calais or Cherbourg areas. These activities 
were reported to filter rooms and operations rooms, and Controllers despatched 
fighters to intercept. The target being in tbe English Channe1, however, and 
the Germans having the advantage of a slight start added to that of height, 
the bombing was usually over before the British fighters could intercept .. 
Later there were occ~ions, as for example off Selsey Bill on 21 July, when 
warning was sufficient to allow defensive fighters to appear over the convoy, 
and the enemy retired without attacking. 8 

The increase in aerial activity during the opening phase of the battle presented 
a new air picture on the cathode ray tubes of the south coast R.D.F. stations; 
the number of indications showing on the tubes was so large in comparison 

,;_ 

with previous experiences that the work of the R.D.F. op·erators became 
much more exacting. However, the raid rep~rting system stood up well to 
these new stresses. Operating personnel quickly became adept at reporting 
the increased activity and, as the air battle approached more nearly to the 

1 Daily summary of Naval Events, 10- 17 July 1940. 
2 R.A.F. Narrative The Ba·We of 'Britain , pp. 59 and 60. 

• Ibid., p, 64. 
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coastal locations of the R.D.F. stations themselves, a marked stiffening of the 
already higb morale and keenness of the stations' personnel became most 
apparent. 

Of the technical performance of the R.D.F. stations themselves, the ranges 
attained were satisfactory and the bearings well within the standard of accuracy 
req_uired in practice. GeneralJy the C.H. stations attained a radius of nearly 
200 miles in the most favourable circumstances and had an average effective 
range of about 80 miles.1 Their limitations against low-flying aircraft below 
1,000 feet had been countered by the C.H.L. stations introduced in the earlier 
"crash" programme.- These C.H.L. stat ions had a restricted effective range 
o_f 30 miles but were fairly accurate in azimuth or bearing readings.2 

'Secood Phase of the lJattle of Britain, 8- 18 August 
During this period of the German air onslaught, the attacks were pressed 

against the Fighter Command organisation, including the bombing of coastal 
airfields and some south coast R.D.F. stations. Coastal towns w ere also 
bombed. The enemy during t11is p<!riod resorted to great va.riety in his atlacks. 
His methods included (a,) casting about over the Channel to make tracking 
difficult, (b) the extensive use of decoy flights to distract the Controller from 
the main attack, (c) two- and three-pronged heavy attacks from bases as far 
apart as Calais and the Cherbourg area, and (d) the quick-mounting of direct -
attacks; such rush tactics reducing the period of R.D.F. warning to the 
S:on ~ollet. 

The following example of R.D.F. plotting gives an idea of the scale of activity 
in one area at that time.3 On 11 August 1940, between 1005 and 1009, the 
fo!Jowing German formations were plotted in the central Channel, all of them 
on a course to Portland and Swanage :-

" (a) The force was originally plotted as it emerged from the Baie de la 
Seine thirty or more aircraft strong ; , at 1005 hours this was 
30 miles south of St. Catherine's Point. 

(b) A force of fifty or more aircraft was about 15 miles n orth of 
Cherbourg at 1005 hours. 

(c) A smaller force, p lotted as 'nine plus,' was 26 miles north-west of 
Cherbourg at 1009 hours. " 4 

·These reports were made during the German attack on Portland which was 
only one of the three ma in operations on 11 August. The other two were 
attacks on convoys off Orfordness between 1200 and 11 00 hours, and a series 
of attacks in the Strait of Dover which continned during the whole of the 
morning. 

Attacks on R,D.F. Stations 
R.D.F. stations were usually regarded a 5 secondary targets ~or air attack 

during war. C.H. s tations, with their 350-foot transmitter steel towers and 
240-foot aerial array wooden towers, were unavoidably conspicuous but it was 
not untiJ 12 August that the enemy showed any attention to the Home Chain 
stations on the south coast. The nature of his attack on that date, however , 
indicates that these stations were primary targets for attack, though there 

1 A.H.B./ IIHT/ !8, Tile _Batlle of Britain . Despatch by Air ChieI Marshal ~ir Hugh~- T. 
Dowding, A.O.C.-1n-C., Fighter Command, para. S4. 2 Tbid., para. a6. 

'Fighter Command" Y" Form., ll August 1940. • See Map No. 2. 
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is no direct evidence that the enemy fully appreciated the paramount importance 
of the stations.1 The following attacks were suffered by Chain stations on 
12 August :- · 

Pevensey.-At 0932 hours on 12 August three German aircraft attacked 
. Pevensey successfully. Casualties were caused amongst the Army ground 
defence detachment and consternation was caused amongst station 
personnel by a direct hit on the 1.A.A.F.I. The R.D.F. equipment 
escaped damage. Power cables were cut but repairs were effected and 
the station was functioning again during the afternoon of the same day. 

Rye.- A quarter of an hour after the Pevensey attack the Chain station 
at Rye was attacked by six Me.110s . All huts were destroyed with the 
exception of the transmitter and receiver blocks. The normal working 
of the station was restored within three hours. The diary of a German 
Lieutenant taking part in this attack was recovered from his body when 
he was killed on 15 August. This revealed that the R.D.F. station was 
the primary target. Although not interfered with by A.A. or fighters, 
their bomb-aiming was affected by a strong wind from starboard and 
all the bombs fell wide of the main buildings.2 

Dover.-At the same time as the attack on Rye, Dover was also attacked. 
Considerable damage was done to the huts inside the compound and 
slight damage to the aerial towers but no vital damage was done and 
the station continued to function on emergency equipment. 

Ventnor.-At 1140 hours two large German forces over the Cherbourg 
peninsula began to move across the Channel. These were plotted at 
" 150 plus" and " 30 plus." The larger force headed for Portsmouth 
ancl subsequently bombed it, the smaller force attacked the R.D.F. station 
at Ventnor. Just as the enemy bombers commenced to dive on the 
station from a height of about 10,000 feet our Fighters, Nos. 152 and 
609 Squadrons, intercepted them. No. 152 Squadron got to some of the 
bombers before they released their bombs while No. 609 Squadron engaged 
their German fighter escort.3 Ventnor R.D.F. station was nevertheless 
heavily and accurately dive-bombed by about fifteen Junkers 88s. 
Casualties were fortunately extremely light, one soldier on station defence 
duties being wounded . The majority of the surface buildings on the 
station were destroyed, despite assistance from the local fire brigade­
lack of water on the site hampered their efforts. Repair work was not 
immediately possible, the site having to b evacuated owing to the presence 
of delayed-action bombs. 

Dunkirk.-On the same day this station also was lightly attacked. 
A 1,000-lb. bomb dropped near the transmitter block, two huts were 
destroyed but there was no vital damage and the station continued to 
operate.4 

Pevensey.- A single aircraft, which had been plotted the whole way 
across the Channel, passed over the station, turned, a,nd bombed from a 
low altitude on the way back -during the afternoon of 14 August. 
Although the bombs fell within the C.H. station compound and the 
receiver block was hit, the station remained operational throughout. 

1 Headquarters, Fighter Command Signals Branch, O.R.B. , 12 August 1940. 
2 Royal Air Force Narrative The, Battle of B,,,itabi, p . l 13_ 
3 Consolidated Combat Reports, No. 152 and No. 609 Squadrons, 12 August 1940. 
4 Royal Air Force Narrative The Baute of Britain, Appendix HI. 
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On 16 and 18 August raids were made on Ventnor and Poling R.D.F. 
Stations:-

Ventnor.-This station was still inoperative from the previous bombing 
on 12 August, and effoJ;"ts were being made to repair it, when on 16 August, 
at 1315 hours, it was again subjected to attack. Although good R.D.F. 

' warning had been given of the approach of enemy aircraft, two other 
raids were proceeding simultaneous1y on airfields at Gosport and 
Lee-on-Solent q._nd heavy fighter engagements were occurring in mid­
Channel, so the German aircraft reached their objective before they were 
intercepted.1 Five Junkers 87s dive-bombed the station, seven H.E. 
bombs being placed successfully in the target area. After this latest attack 
all buildings except two above ground and those below ground were 

' unusable and the aerial towers had suffered damage. This gap in the 
Home Chain was not replaced until 23 August, when a reserve mobile 
station was then functioning at Bembridge on the Isle of Wight.2 

Poling.-On 18 August at 1400 hours the C.H. stations reported three 
enemy format.ions: "80 plus" north of Cherbourg, ·' 20 plus" east of 
Cherbourg and " 10 plus " north-west of Le Ha vre. These formations 
reached the coast at 1425 hours and were then two formations of dive­
bombers ultimately responsible for the bombing of airfields at Thomey 
Island, Ford and Gosport and th.e R.D.F. station at Poling. These 

formations were intercepted five times by our fighters but pressed home 
their attacks despite heavy losses. Approximately 90 bombs were dropped 
at Poling and t.be station was badly damaged. £mergency mobile equip­
ment was installed but jt could not give as comprehensive information 
of enemy movements as the pennanent station had done. Air Vice­
Marshal Park warned his Operations Controllers to this effect on 25 August. 
The actual situation at Poling i.s a little obscure at this time as the records 
of the Signals Branch at Fighter Command Headquarters imply that 
this station was out of action for the remainder of the month.3 

On 12 August the Air Officer Commanding-in-Chief, Fighter Command 
signalled the C.H. stations at Dover, Rye, Pevensey and Ventnor expressing 
his satisfaction and pride in the behaviour of the W.A.A.F. personnel in the 
face of enemy attack.4 In his Despatch on the Battle of Britain, Air Chief 
Marshal Sir Hugh C. T. Dowding comments that the operating personnel of 
these C.H. stations which were attacked, and particularly the women, behaved 
with great courage under threat of attack and actual bombardment. 

Immediately after the attacks on the south coast R.D.F. stations on 
12 August, the Air Officer Commanding No. 60 Group inspected the stations 
and was delighted with the spirit of the personnel under attack. 5 On his way 
back to Headquarters No. 60 Group he called at Headquarters Fighter Command 
to report to the Air Officer Commanding-in-Chief. The latter showed great 
imight ·into German psychology when he stressed that in view of the fact that 
the R.D.F. stations were kept on the air, the enemy would cease his attacks. 
On the question of more A.A. protection, Air Chief Marshal Sir Hugh Dowding 

1 Royal Air Force Narrative TM Battle of Britain, p. 188. 
1 Headquarters, Fighter Command Signals Branch, O.R.B., 23 August 1940. 
3 Imd., 18 August 1940. 'l/>i,(l., 12 August 1940, and A.H.B./IIHI/18, p. 134. 
5 Persoaal Diary of Air Commodore A. L. Gregory, A.O.C., No. 60 Group. 
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was firm in his decision that no more guns would be sent to A.M.E. stations 
for this would have been at the expense of the A.A. defence of aircraft factories. 
He amplified this by adding that if five R.D.F. stations were wiped out he 
could carry on using the mobile reserve, but not if he were robbed of a single 
aircraft from the factories. 

These heavy attacks on the Home Chain stations coupled with sustained 
attacks on No. 11 Group airfields which occurred during the same period were 
part of t he German plari of an offensive against Fighter Command. Why 
these attacks were not maintained just as they were seriously affecting the 
south-east portion of the Chain is not known. After the war a questionnaire 
on the Battle of Britain was addressed to Generaljeldmarschatl Milch, former 
Inspector-General of the Luftwaffe and Secretary of State for Air and 
Generalleutnant Galland, who commanded the German J agdgeschwader 26 
(about twelve enemy :fighter squadrons) during the Battle of Britain. They 
agreed that they thought that serious damage had been done to one or two 
R.D.F. stations hut that, in general, they considered them to be difficult 
targets to damage effectively.1 Neither seemed to realise fully how vitally 
important ·were the R.D.F. stations to the Fighter Command technique of 
interception or how embarrassing sustained attacks on them would have been. 

The pool of M.B.2 Mobile R.D.F. stations which was foxmed as a result of 
the meeting on 11 May 1940 of the Inter-Services R.D.F. Committee had 
proved its value in filling the breach made in the Home Chain at Ventnor. 2 

The buried Intermediate equipment had acted as a replacement at Poling also. 

The damage done to R.D.F. equipment and aerial masts as a result of enemy 
attacks was studied carefully by Signals staff officers to decide whet'1er any 
change in policy with regard to dispersal of technical equipment was necessary. 3 

In view of the probability of an increasing scale of attack in the future, the 
Assistant Chief of Air Staff (Radio), Air Marshal Sir Philip Joubert, decided 
that no more C.H.L. stations were to be erected within half a mile of C.H. 
station compounds and that the 40 foot gantries used for supporting aerial 
arrays should only be used in places where there was no high ground available, 
tlms making the majority of C.H.L. stations less conspicuous. 

All future C.H.L. stations were to be erected so that they could also cover 
both high and low-flying aircraft .4 It will be remembered that they were 
originally used only for low-flying aircraft. This decision was taken so that 
the C.R.L. stations might provide some measure of cover against aircraft at 
al1 l1eights in the event of C.H. stations being rendered unserviceable. 

Attacks on lhc North-East Coast 

So far, apart from small numbers of night raiders and enemy mh1elaying 
aircraft, the Battle of Britain had been fought out entirely in the south of 
England. On 15 August the enerny tried a chai1ge of tactics by attacks on 
north-eastern districts. The Commander-in-Chief, Fighter Command, believed 
this .new comse was taken by the Germans on the assumption that our fighter 
strength had been withdrawn from the north to meet attacks in the south . 5 

1 Royal Air Force Narrative The Battle of Britain, Appendix No. 37. 
2 AJ-£.B./llE/68, lVIinutes of R.D.F. Inter-Service Committee, 9th Meeting. 
a Air Ministry File S.3522, En.cl. 35,\. • Ibid., Encl. 43A. 
• A.H .B./IIHI/JS, The Batlle of B·ritain. Despatch by the Ait Officer Com01anding-i n­

Chief, Fighter Command, para. 195. 
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A raid of" 20 plus" from Norway was plotted many miles out to sea opposite 
the firth of Forth at 1208 hours on 15 August . A second raid of" 10 plus" 
was observed 20 minutes later and a third of " three plus " was also .in evidence, 
all heading for the Tyne area . Meanwhile a new threat was also detected by 
R.D.F., some " 30 plus " enemy aircraft making for the coa.stl.ine 100 miles 
sout11, near carborough . This latter estimate of numbers proved very low, 
as the force was subsequently found to be one hundred enemy aircraft 
approximately. The early warning from the nor th-eastern Chain stations was 
ample for successful interceptions to be made. Our pilots claimed over U1irty 
enemy aircraft without loss. A.A. guns also accounted for six hostile aircraft 
This was the first, and the last, attack on targets in the north-east to be made 
in daylight during the Battle of Britain. The enemy bombers and Me. 110 
received such a drubbing that the eJ\."Periment was never repeated. The 
defences there were on the alert and the Chain stations in that area had made 
no smaJI contribution to the outstanding successes of our Fighter organisation . 

Third Phase of the Battle of Britain, 24 August-6 September 

Duru.1g this phase the German air attack contin ued. The targets were 
almost all airfields in the No. 11 Group area, but the more important inland 
Royal Air Force stations were included in these heavy attacks. Because of 
the greater distance the enemy aircraft had to fly, the R.D.F. stations were 
normally capable of giving a longer warning and therefore were .generally of 
even more value to the Controller.i The ratio of the number of successful day 
interceptions by our fighter aircraft to the number of sorties flo\vn was therefore 
good during this period. 

The Germans adhered to their plan of maintaining formations over the 
Strait of Dover in such strength that the Controller was unable to decide 
vhether or not an attack was imminent despite the R.D.F. information. This. 
difficulty was increased as occ·asional feint attacks were made by their fighter 
formations, thus tending to reduce the effectiveness of R.D.F. warnings from 
the operational point of view. 

There was a failure by the RD.F. to give warning during this period. A small 
enemy force which crossed the Norfolk coast at 0750 hours on 24 August was 
completely undetected by R.D.F. and bombed Great Yarmouth. The probable 
explanation of this failure was the use of the three East Anglian C.H. stations 
at Canewdon, High Street and West Beckham for an inland-looking watch in 
addition to their norrgal watch to seaward.2 The additional respon~ibility was 
cancelled some four weeks later . 

Generally , the standard of R.D.F . warning was high. The new C.H. stations 
OILthe south-west coast were giving excellent range results, detecting all German 
fonnations over the Cherbourg peninsula and giving ample warning to the 
Controllers of No. 10 Group.3 Estimation of the numbers in enemy formations 
continued to be on the low side throughout the whole of this phase of the battle 
for the reason already given. The heights given by R.D.F. were usually 
reasonably accurate, and attempts by Controllers and Squadron Commanders to 
improve on information supplied to them were discountenanced by No. 11 Group 
Instructions to Controllers Nos. 10 and 12. 

1 Royal Air Fot'Ce Narrative The Battle of B ritain, p . 283, 
1 A.H.B / ItE/68, RDS. Inter-Service Sub-Committee, 13th Meeting, pa.-a 2, sub-para.(c). 
3 R.A.F. Narrative The Battte of Br itain, p. 270. 
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Fourth Phase of the Battle of Britain, 7-30 September 
Instead of conlinued attack on No. 11 Group airfields and R.D.F. stations 

which had been anticipated, the enemy changed his tactics on 7 September and 
began his mass attacks on London. It was on this date that the "Alert No . 1 '' 
-invasion imminent and likely to occur within the next 12 hours-was give1J. 
The large numbers of aircraft used by the enemy and the numbers of formations 
employed simultaneously from different directions made detailed R.D.F. 
reporting very difficult. On 9 September 1940, a comprehensive operational 
instruction was issued by No. 60 Group to all R.D.F. stations. It required a 
regular watch to be kept on the vertical gap filler to avoid missing raids ; 
in future, height was to be passed with each plan position in order that the 
Controller would have more accurate height information, and "Mass Plotting" 
was to be introduced.1 " Mass Plotting " "Vas a system of reporting raids by 
batches or waves instead of by individual aircraft and gave a better picture of 
enemy bulk activity. It was also called "Macroscopic" reporting, and had 
been evolved locally and used uno.fficialiy by several C.H. stations prior to the 

o. 60 Group Instruction.2 Before the official introduction much of the value 
of this effective " macroscopic" reporting from R.D.F. stations was lost as 
Filter Room was still trying to filter individual track . 

On 7 September, 380 enemy aircraft broke through to London to attack the 
docks area and a series of heavy night raids on London began. The number of 
aircraft appearing on the R.D.F. tubes was at times too great to be reported 
by the operator accurately enough to give a clear picture. On occasions the 
amount of information passed was sufficient to swamp the Filter Room. Fair 
warning of the approach of raids was being given by R ,D.F. stations, however, 
rarely giving less than 10 minutes' notice before the Germans crossed the 
coast.3 More often the warnings were some 20 minutes in advance. But the 
R.D.F. stations, so at least both the Commander-in-Chief and Air Vice Marshal 
Park complained , were not giving sufficiently precise informahon either of plan 
position , 11umbers, or height fo1· interception to be certain at this time. Nor was 
it possible to distinguish between .fighter and bomber aircraft. Once the raids 
crossed t he coast the tracking of the raids was bad, for the Observer Corps 
could not be expected to plot through thick cloud to tbe 20,000-30,000 ft. at 
which the Gennans were flying. 

The use of high flying aircraft put the R.D.F. stations also at a disadvantage. 
At high altitude the gaps between the lobes of transmission were wider than at 
medium heights, and continuous tracks of aircraft and formations became 
impossible to obtain. By the second week in September No. 11 Group attempted 
to counteract the enemy's high-flying tactics and to supplement R.D.F. in­
formation by despatching single reconnaissance aircraft from a Spitfire squadron 
to patrol at maximum height the usual enemy routes across the coast. Having 
located advancing hostile aircraft they reported to tbe Sector Controller by 
R /T the numbers, composition, route and altitude of the German force. 
Towards the end of the roonth No. 421 Flight was formed, fitted with V.H.F. 
R/T' and in direct communication with Group Operations Room, especially for 
these reconnaissance duties. 

1 No . 60 Group File 60G/S.1/J l /OPS .. ' ' R.D.F. Opera.tional Instructions." 
• No. 60 Group File 60G/S I /AIR/OPS.," Procedure, A.M.E. Stations, " Encl. 271<. 
3 R.A.F. Narrative The Battle of B·1itairr., p . 481. 
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Jamming of R.D.F. Stations 

Throughout this fourth phase of the battle it is interesting to 11ote that 
although active reconnaissance of R.D.F. stations was carried out by enemy 
aircraft, there was no attempt to interfere with the function of.the R.D.F. 
Chain by further bombing of important stations. The enemy now resorted to 
radio jamming in an effort to neutralise the early warning given by these stations. 
The first enemy jamming was experienced in September 1940 when D over C.H. 
Station was jammed by Frequency Modulated Continuous Wave and Dover 
C.H.L. Station by short bursts of Continuous Wave transmiss-ions.1 

. Fortunately such an enemy policy had been anticipated, and anti-jamming 
equipment fitted to the R.D.F. stations. This consisted of the Ant i-Jammi11g 
Tube and Filters (invented March 1939), the Tntermedjace Frequency Rejecter 
Unie(invented July 1939), the Intentional J ittel' which was able to unlock 
pulses locked to the mains, and the Automatic Gain Control which cut down 
the gain at the beginning of the trace where a.ircrafl "echoe:s" and ground 
reflections were very strong, leaving normal gain at far ranges where echoes 
~ 1ere weak.2 It was thus possjble to plot through the jamming. The effect of 
U1e enemy counter-measures on the efficiency of the C.H. stations was very 
slight, but depended noticeably on the efficiency of individual operators. 
Canewdon, Dunkirk, Rye and Pevensey also experienced Continuous Wave 
interference, but continued to work through the jamming.3 The jamming of 
C.H: stations was never expected to cause a total failure of the early waining 
system since it was estimated that the enemy would have to employ some 
320 jammer transmitters to jam successfully the number of frequencies in use 
in the Home Chain . The C.H.L. stalions were a more serious problem as only 
sixteen transrnitters would be required to jam the C.H .L. frequencies success­
fully. At the end of September, the Air Ministry Research E stablishmenl 
suggested the formation of a specialised body of experts to deal with anti­
jamming, in case the enemy persevered with this form of radio attack on the 
Home Chain. 

The Fifth Phase of the Battle of Britain, October 1940 

T~e fifth and last phase of the battle occurred thrbughout the month of 
October. This phase saw the decline of the enemy's attacks on London and an 
increase in the night bombing of London and the arms-producing centres of 
the Midlands, the aircraft industry in particular being selected for attack.4 

Some idea can be gained of the falling off of the daylight attacks by the fact 
that of the estimated 9,000 tons of bombs dropped on this country during the 
month, only 1,000 tons, one-ninth of the total, was dropped by day. Although 
the German concentration on night bombing relieved the pressure on the 
day-fighter organisation of Fighter Command, there was little relief for the 
RD.F.- personnel and Operations Rooms staffs, who were rarely free from 
intensive work. Adequate warnings were given of hostile raids, but the night 
defence of London and the industrial centres devolved largely on Anti-Aircraft 
Command and the Civil Defence Services; Fighter Command operated night­
fighter aircraft but had no efficient counter to the German night raider during 
this period. 

---- -------------------------
1 Air Ministry File S.444 i3, .Encl. 9s. ~ ]bid, , Encis. '27B and 28'8. • Ibid., E,ncl. 42s. 

4 R.A.F. Narrative The Battle of B,ri tain , p. 545. 
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The Prolilem of the Night Raider 
During the Battle of Britain period the normal day-time methods of inter­

ception was used at n1ght, with searchlights attempting to illuminate and hold 
the enemy bombers. ln June , when the enemy attacked in some strength, six 
were shot down by our night- fighter aircraft. This attack was, however, made 
at comparatively low altitude (8,000-12,000 feet) and thereafter the Germans 
resorted to greater heights where the searchlights became practically 
ineffective.1 A further h9-ndicap in the air defence system was that the "sound 
plot" track transmitted from the Observer Coi:ps at night was too inaccurate 
to be o{ use for controlleq. interception by fighter aircraft ; height indications 
were little better than guesswork. 

As the Home Chain stations gave no further information pnce the enemy 
had crossed the coast, some ten Army Gun laying (G.L.) sets were borrowed for 
inland plotting. Within limited range (about 40,000 feet) this set gave accurate 
position plots and could read heights to within 1,000 feet at average ranges. 
These sets were installed in the Kenley Sector on the usual line of tbe enemy 
approach -to London.2 The plots were reported by telephone direct to Kenley 
Sector Operations Room and a much more accurate picture was given of the 
enemy bombei:'s position by half-minute plots. The track of the intercepting 
fighter was obtained from direction-finding by Sector Fixing stations. 
Unfortunately we had no ai rcraft really suitable for use as night fighters . 
Better R.D.F. methods of ground control of interception aids were under 
development at this time. The month of October saw a quickening of research 
andf experiment in the problem of night defence and the creation of a number 
of review111g bodies, notably a War Cabinet committee under the chairmanship 
of the Prime Minister.3 

~ 

Expansion of the Home Cha:in during the Battle of Britain 
While the Battle of Britain was in progress, the' Home Chain was extended 

round the coast in low power form under the co-ordination of No. 60 Group. 
During July 1940 one C.H. station at Hayscastle Cross and eleven C.H.L. 
stations were put into operation at Whitstable, Hopton, Skendleby, Bempton, 
Carnanton, Tannach, Glenarm, Cregneish, Prestatyn, Strumble Head and 
St. Twynnels.4 In August, School Hill C.H. Station and Foreness II, Anstruth.er , 
Cromarty and Deerness .C.H.L. Stations were opened .' In September, Holling­
bury, Bride, Scarlet and Newin C.H. Stations and Dunwich, Shotton and 
Doonies Hill C.H.L. Stations were completed. Branscombe, Trerew and Castell 
Mawr C.H. Stations and CressweU, Bambw-g, St. Cyru,s and Roschearty C.H.L. 
Stations all opened during October. A total of rune C.H. stations and twenty­
two C.H.L. slations was thus erected during the Battle of Britain period. 
I n order to avoid congestion on the .filter room table through aircraft or forma­
tion from being told individually, it was arranged that these C.H.L. stations 
wou1d tell to a local C.H. station, where available, which would tell a combined 
plot to the filter room. During September a new Fighter Group, No. ·9, was 
formed in the north-west area at Preston. The Group had its own filter room 
to which R.D.F. stations north of HayscastJe Cross reported. 

1 A.H.B.fllHl/18, The Battle of Britain. Despatch by the Air Officer Commanding-in-
Cbief, Fighter Command, paras. 233/4. 2 ibid,. para. 240. . 

3 TtJe progress made by this Committee is given in Volume V 0£ this narrative. together 
\vi,th a full account 9{ all the; R.D .F. aids to io.terception . 

• No. 60 Group 0 .R.B., July- October 1940. 
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'Value of the contribution of R.D.F. 
The air struggle was fought out without any large deviation from the 

technique of raid reporting an4 fighter control organisation evolved for defence 
in air exercises before the war. The battle was unique in that it was the first 
occasion in the history of warfare on which this scientific and co-ordinated 
early warning and control system had been employed in a major afr battle. 
The Royal Air Force, though inferior in numerical strength, had the tremendous 
advantage which thfa system gave. The L-itjtwajfe was flying without remote 
ground control during the battle and, as far as possible, flew according to pre­
arranged plans. The Royal Air Force fighter aircraft under effective ground 
control thus had a much greater flexibility of attack than the German fighter 
screens had in defence of their bomber formations. Whereas the British 
system of raid reporting was designed to give an economical scale of effort in 
that jt usually avoided the necessi ty of standing patrols, the German bombers 
required a constant escort of defensive fighter aircraft which rose as high as 
live fighters to each bomber aircraft. 

The ftrst link in the operational system of control was the R.D.F. stations. 
This source of information was vital to the defence, and it is one of the 
mysteries of the battle that the Germans made so few and relatively small 
efforts to disrupt the R.D.F. Home Chain in the south and south-east of England . 
The fact that the battle was brought to a successful conclusion is one reason 
for considering that the Home Chain reporting system fulfilled its function 
creditably. The performance was remarkable having regard to the short 
training and lack of experience of so many of the operating and maintenance 
personnel, and to tbe difficulties in handling and keeping serviceable equip­
ment which was not , as a whole, in a :finished state. A false impression would 
be created if the minor limitations of the RD.F. cover were not appreciated, 
but although the R.D.F. stations occasionally failed to locate an enemy 
formation, they never failed on a single occasion to locate a major attack , 
The information they supplied was occasionally imprecise, especially their 
height-finding and est imations of numerical strength. Nevertheless, the 
performance of the Home Chain during the Battle of Britain may be assessed 
from the Despatch of the Air Officer Commanding-in-Chief. Fighter Command, 
Air Chief Marshal Sir Hugh C. T. Dowding, who said of R.D .F.-" The system 
operated effectively, and it is not too much to say that the warnings which it 
gave could have been obtained by no other means and constituted a vital 
factor in the Air Defence of Great Britain .''1 · 

1 A.H.B./IIHl /18, The Baille of Britain. Despatch by the Air Officer Commanding-in­
Chief, Fighter Command. para. 57. 
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CHAPTER 11 

THE R.D.F. HOME CHAIN, AFTER THE BATTLE 
OF BRITAIN. UNTIL DECEMBER 1941 

The successful termination of the Battle of Britain in October 1940 brought 
considerable relief to the whole country and to the hard-pressed organisation 
of Fighter Command, of which the RD.F. Home Chain formed part. The 
months which followed would not permit of complacency, however, as the 
initiative still rested in the hands of the enemy. Although the Germans had 
received a considerable military set-back in the • stemming of the Luftwaffe 
during the Battle of Britain, they still had a supremacy in material. Their 
invasion forces and shipping were intact at the beginning of the winter of 1940. 
There were no signs that the expected invasion of Britain would not occur at 
the next favourable opportunity, the spring of 1941. 

At the 39th Meeting of the War Cabinet Defence Committee on 31 October 
1940, the Prime Mini.ster stated "Our power of survival' depends on the 
maintenance of the life of this island-this postulates continued superiority 
in air defence and the successful countering of n ight bombing. That we roust 
keep our sea lanes open goes withou.t saying."1 The basic principles under­
lying the need for expansion of the R.D.F. Home Chain conform to 
Mr. Churchill's statement during the period covered by this chapter, for in 
broad outline these may be summarised as :-

(a) Counter-invasion. 
(b) More efficient raid-warning; assisting in superiority in air defence. 
(c) Development of an adequate western R.D.F. Chain giving increased 

cover to our western sea approaches. 

In common with other forms of Home Defence the R.D.F. Home Chain, as 
yet far from complete despite its valuable contribution during the Battle of 
Britain, entered into a phase of intensive preparation to counter possible 
invasion during 1941. During this vital period when Britain and her Empire 
alone stood against the might of the German forces, the changes in R.D.F. 
policy were not governed by the threat of invasion alone. The new experience 
of mass raids, the continual night raids over London and ranging over the 
western coasts and Northern Ireland, the wave-hopping low-level attacks 
against coastal objectives, and the beginning of the Battle of the Atlantic all 
called for a bold R.D.F. policy. Policy and planning may be bold but their 
fruition is dependent on production and trained man-power. During the 
period under: consideration in this chapter the climax was reached when the 
R.D.F. installation programme, fraught with many practical difficulties, 
seriously lagged behind the policy, and the organisation was strained to the 
Limit. 

The InstaUation Ptogramme, October 1940 
, Of the many plans which had been made for an increase in the R.D.F. 

cover consequent upon the fa11 of France and the occupation of Norway and 
Penmark, none had been completed by October 1940, although No. 60 Group 
had forged ahead with the extensions of the Home Chain as quickly as possible. 

1 War Cabinet Defence Committee (Operations), Minutes of 39th Meeting. 
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Towards the end of September the Group had requested guidance from Air 
-Ministry as to the relative priorities ·of the outstanding work. Although the 
operational needs were constantly changing and the installation programme 
was almost entirely dependent on the progress of Works Services and the supply 
of technical infomiation by the Experimental Establishments, the following 
order of priority was laid down :- 1 

(a) The completion of the East Coast Chain to two frequenci~. It will 
be remembered that in its " Final " form, this portion of the Chain, 
including the northern statio11S, was to be fitted to four frequencies 
working. 

(b) I n view of the approach of winter and the requirement for improved 
coverage and height-findjng in the west, the item of second priority 
was the completion of the "Advance" C . .H. stage in:-

(i) the South-West 
(ii) the West 

(iii) North-West, including Castle Rock, Islay and Deerness- in 
Northern Ireland, the Outer Hebrides and the Orkneys 
respectively. 

(c) The commissioning of the " Buried Re-serve " which had been planned 
for the original 20-Station Chain, on stations between Ventnor and 
Stenigot. This should have been on very high priority but was 
placed third in o.rder to allow for the supply of technical 1nformation 
and the completion of the Works Services. 

(d) The fitting of second long wave aerials to the C.R. stations between 
Ventnor and Stenigot. 

(e) The fitting of second long wave aerials to stations between Stenigot 
and Skaw. 

(/) The :fitting of the second short wave aerials of the East Coast Chain. 

The C.H.L. stations working at this time had been instaJled at emergency 
speed earlier in the year and a technical "clean-up'' was necessary in order to 
standardise and improve them. For example it was hoped to fit automatic 
turning gear to all of them in place of the hand-operated tuming gear. The 
work on the mobile pool of R.D.F. stations could not be included in any 
priority list. This had always to contain eight such units which were 
dispersed at the Radio Maintenance Units. The number requiring building 
up at any particular time depended entirely on the extent of enemy action. 

During October 1940, C.H. stations had been opened at Branscombe, 
Trerew and Castell Mawr and C.H.L. stations at Cresswell, Bamburgh, St. Cyrus 
and Rosehearty. In the following month Downderry, Trevescar and Castle 
Rock C.H. stations and Downhill C.H.L. station were put into operation.z 
Nevertheless, the installation programme was falling badly behind. Tbe 
Air Officer Commanding, No. 60 Group attributed this to the complexity of 
the organisation, a large number of authorities being involved.3 In addition 
to No. 60 Group there were the Director of Signals, the Director of Communica­
tions Development, Headquarters Fighter Command, the Director of Works, 
No. 2 Installation Unit, the Director of E(]uipment, the General Post Office, 

1 Air Ministry Fjle S.41234, Pa,rt n, Encl. 72A., 
2 Headquarters. No. 60 Group. O.R.B., October/November 1940_ 
• A.H.B./IIE/661 Folder " R.D.F. Organisation- General" 
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and the civilian firms of Messrs. Pye and Messrs. Metropolitan Vickers. At 
the end of August an establishment had been made at No. 60 Group for a Chief 
F,ngineer of Group Captain rank to assist in the co-ordination of the installation 
programme but this post was not filled until the 14 December.1 Shortage of 
personnel on No. 2 Installation Unit and the Radio Maintenance Units caused 
delay- unavoidable because of the acute shortage of trained R.D.F. personnel 
generally.2 

On 21 December l940 Air Ministry Signals Staff suggested that much delay 
in the R.D.F. installation programme was due to lack of co-ordination of the 
,1uthorities involved .3 It was suggested that an "R.D.F. Dictator" should 
be appointed and recommended that No. 60 Group should be made a Royal 
Air Fqrce Command to give it the necessary powers for co-ordinating the 
installation programme and to be responsible for the many R.D.F. stations 
functioning all round the coasts of the British ~sles. 

Mr. R. A. V/atson Watt, as Scientific Adviser on Telecommunications 
(S,A.T.), wrote a minute to the Secretary of State for Air during the same 
week calling for an immediate examination of the problem of delays in R.D.F. 
construction .4 He pointed out that the effort in the installation of R.D.F. 
coastal stations had not yet been proportioned to the size and urgency of the 
programme. Large as the nurnbe.r of individual persons engaged might be, 
it ·was relatively small to the need. The six months lateness in the East Coast 
programme and the rudimentary state of the R.D.F. cover in the West indicated 
that_ a more powerful organisation was needed. Stressing that the partial 
failure in R.D.F. installation was due to· planning on too small a scale and to 
dispersal of interest and effort, he summarised the work involved by stating, 
"We are attempting to build a radio network several times larger tban any 
other in ,the world in a time several times smaller than that allowed for 
building earlier and smaller networks. . . . If we propose to set up all the 
stations of several B.B.C.s within a few months, would we put the contracts 
in the hands of a civil engineering firm primarily engaged on other wo,rk (as 
is the Directorate-General of Works), of a public utility company primarily 
engaged in the daily operation and maintenance of the existing undertaking 
(as is No. 60 Group), and of an electrical engineering drawing office with a total 
strength of twenty~six (as has the Royal Aircraft Establishment d ra..,v:ing office 
concerned)? '' The Scientific Adviser on Telecommunications (S.l\.T.) urged 
tllat even so late in the installation programme a single engineering enterprise 
should be found or set up which would" have the whole responsibility without 
division or distraction, of installing R.D.F. stations. The internal R.D.F. 
equipment-thanks largely to past delays in installation-was now available 
in quantity which wouJd not limit the rat~ of completion. This single enterprise 
would thus feel that it had, with undivided responsibility, the undivided support 
of all who could implement the War Cabinet instruction for the highest 
priotity for R.D.F. 

As an afterthought, in a second Minute to the Secretary of State for Air, 
Mr. Watson Watt suggested that the :Ministry of Aircraft Ptoduction be asked 
to undertake the , provision of the complete R.D.F. stations; thus adding 
construction to their then existing responsibility for design, lay-out, and 

- 1 Headquarters, No. GO Group, O.RR, August 1940. 
2 Air ll'finistry File S-48327, Folder 123A. :t A.H.B./IlE/66, Folder, 
• A.K.B./IIE/74/2, Under-Secretary of State for Air's Committee on R.D.F. Con.structioo. 

Mi_nutes, Encl. 2A. 
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proV1s1on; M.A.P. were to let the whole construction and installation contract, 
-undivided, t o a selected major civil engineering fi.rm.1. Such a revolutionary 
suggestion focussed considerable attention on the problem of delay in R.D.F. 
installation. All the authorities involved were in complete sympathy with 
the objective whlch the S.A.T. wished to achieve. The Under-Secretary of 
State for Air urged that any course to be followed_ should not be arrived at 
impetuously but should have due consideration and final certainty that it was 
the one most likely to give what was wanted in the shortest time.2 

The Air Member for Supply and Organisation (A.M.S.O.) welcomed tl1e relief 
that the Directorate-Genernl of Works would have received if the proposal to 
put the R.D.F. installa tions in the hands of a firm of civil engh1eering 
contractors were feasible. 3 But he thought that no consulting engineer 
existed who could manage the difficulties of this problem and certainly no 
contractors who could handle all the work. Headquarters, No. 60 Group 

· also pointed out that no firm could be found who were first-class ex.perts in 
civil engineering, electrical engineering, high-frequency radio engineering 
and automatic telephone equipment, though large firms could be found who 
were first-class in one activity or another.4 No. 60 Group therefore defended the 
existing organisation in that the best service was being obtained from the 
best sources. The Croup outlined the fourteen stages in the process of 
producing an R.D.F. station and made suggestions for the improvement and 
speeding-up of R.D.F. construction. 5 It was stressed that another factor 
productive of delay was the embodiment in the programme of untried and 
experimental equipment. This tendency required rigid control. 

At a conference on l January 1941, the Secretary of State for Air directed 
that a sub-committee should be formed under the chairmanshlp of the Under­
Secretary of State for Air and including the Air Member for Supply and 
Organisation, the Assistant Chief of Air Staff (Radio), the Director-General 
.of Works, the Director of Signals, the Scienti.fic Adviser on Telecommunications 
and the Director of Communications Development, with the following terms 
of reference :-6 

(a) To consider the best organisation for dealing with long-term problems 
on R.D.F. construction. 

(b) To consider the exact nature of the bottle-necks which were checking 
the work then in hand and the best means of overcoming them. 

This R.D.F. Construction Committee were required to report within one week, 
so urgent was the need for a decision on the speeding up of construction. 

At a meeting of the Committee on 6 January the whole field of R.D.F. 
construction was surveyed thoroughly by the various authorities represented.7 

It was clear that the idea of single units to do R.D.F. work exclusively in the 
various departments was already taking shape, for this had already occurred 
in the Works Branch and in the Royal Aircraft Establishment Drawing Office. 
It was felt that this principle should motivate the whole organisation so that 
those working on the different aspects of R.D.F. construction would be freed 
from all other duties and given a single-minded purpose. After detailed 
discussion on all the causes of delay, 8 the Committee rejected the jdea of making 

1 A.H.B./lIE/74/2, Eocl. 2B. • Ibid., Encl. IA, para. 5. 3 Ibid., Encl. 6A. 
' 1 bid., Encl. 3A. • This outline is given at Appendix No. 5. 

& A.H.B./IIE/74/2, Encls. 4A and I 2s. 7 Ibid., Encl. 12B. 
8 See Appendix No. 6 for Minutes of this meeting. 
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a civil engineering firm responsible for future constru tion of R.D.F_ stations. 
in order to foster the idea of single responsibility within the a uthorities 
concerned, it was considered that the most effective way of speeding up R.D.F. 
work was by the formation of a special technical committee (subsequently 
known as the R.D.F. Chain Committee) formed from senior representatives 
of the different interested departments in the Air Ministry and the Ministry of 
Aircraft Production. · Each representative on this committee had the responsi­
bility of following up his particular speciality in relation to R.D.F. construct ion 
so that the committee was invested collectively with the powers previously 
held · by many. The constructional programme provided for one hundred 
stations in the next fifteen months in England alone, so it was recommended 
to the Secretary of State for Air that this high-level standing R.D.F. 
committee should be formed and meet weekly. 

The R.D.F. Chain Con:umttee 
The R.D.F. Chain Committee was formed on the instructions of the 

SecretaJy of State for Air and met first on 17 J anuary 1941. Its broad 
terms of reference were to review the current posjtion of R.D.F. construction 
work, to define objectives and agree program.mes, to endeavour to stage out 
the work and arrive at target dates for its completion, and generaJly to watch 
progress and co-ordinate the work throughout the different stages.1 The 
Chainnan of the Committee was the Assistant Chief of Air Staff (Radio), 
Sir Philip Joubert, and included the Directoi;- Genei;-al of Works, the Director 
of Signals, the Director of Communications Development, the Scientific 
Advisor on Telecommunications, a representative of Fjnance nom inated by 
the Permanent Under-Secretary, Deputy Directors of Home Operations and 
Planning and a representative from Headquarters, Fighter Command. This 
committee had a common and collective responsibility for the speeding up of 
R.D.F. construction, but was not a committee which worked by vote because 
each representative had his own responsibility and could not be voted down. 
As a committee it had absolute power as far as the progressing of R.D.F. 
insta!Jation was concerned but it could not become involved in the discussion 
of radio techniques, which was the responsibility of the Inter-Services R.D.F .. 
Committee. 

In the course of the :first meeting of this Chain Committee, the whole organis­
ation then existing for the construction of R.D.F. stations was examincd,2 

The re-organisation of Signals 4 (the Section of Air Ministry concerned w:ith 
R.D.F.) was recommended, to form a Directorate of R.D.F. under the 
Director General of Signals. The strengthening of the Director of Communica­
tions Development's Directorate w::i.s also considered necessary. The 
mobilisation of outside firms was found to be possible, Messrs. Metro-Vickers, 
Marconi, Standard Telephones and Cables, Cossoi- , and the General Post Office 
-all were found to be in a position to render valuable assistance in drawings 
and erection work. Progress reports of the stations under constmction were 
discussed and the supply position of the provision of equipment investigated. 
Altogetl1er there appeared to have been formed a vigorous means of control 
which would provide the impetus and drive for accelerated R.D.F. construction. 
This was essential before April 1941 when the threat of invasion would again 
be inuninent. 

1 A.H.B. /lIE/74/2, Encl. l2B, para. 14, and Encl. 17A. 
t See Appendi."'< No. 7 for list of R.D.F. stations. existing and projected, January 1941. 
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Although the drive for a speed-up in the R.D.F. constructional programme 
had to be produced by Air Ministry, No. 60 Group were to play a significant 
role in the actual work. Accordingly, in order to strengthen the Group, it 
was re-organised in January 1941.1 The Radio Maintenance Uni ';s were made 
self-accounting Signals Wings which were to take over from the parent 
units the administration of the stations of the Chain. The eight Mai:Jtcnance 

· Units became Nos. 70 to 77 Wings and shortly afterwards a ninth Wing, 
split off from No. 76 Wing, came into being as No. 78 Wing. The Wings were 
based on a geographical division of the whole of the British Isles in iriuch 
the same manner as the original Radio Servicing ·Sections had been responsible 
for C.H. and C.H .L. stations in set geographical areas of the country. No. 60 
Group Headquarters and the Wings were given increased establishments to 
enable them to face the large programme of the completion of existing stations 
and their responsibilities in the new stations to be opened. 

Difficulties in Manning R.D.F. Stations 
The mafly problems which faced. Air Ministry in the rapid expansion of the 

R.D.F. -Chain "'{ere not only those of construction. It ,viii be re1nembered 
that during the autumn of 1940 a shortage of trained R.D.F. personnel was 
becoming acute and that Air Ministry \.v'as giving close at~ention to the 
important question of selection and training of personnel for R.D.F. duties. 2 

The personnel deficiencies were not only numerical. The Scientific Advisor 
on Telecommunications had expressed the view that the R.D.F. apparatus 
was capable of providing better information than the operational crews were 
obtaining. Both Mr. Watson Watt and the Air Officer Commandjng No. 60 
Group had suggested the formation of a corps of W.A.A.F. officers of advanced 
scientific education. At an Air Ministry meeting on 4 October 1940, it was 
decided to create an establishment on C.H. stations of one Flight Officer and 
three Assistant Section Officers (W.A.A.F.) per station.3 The Flight Officers 
were to be women with University degrees and several years of experience in 
Physics, and were to act as scientific observers for the Scientific Research 
Section and to be responsible for the efficiency of operating personnel. The 
Assistant Section Officers, of less experience though still of graduate standard, 
some to be recruited from the best of the existing Radio Operators, were to 
work on a watch system in charge of operations. It was hoped that this 
latter establishment would check the rate of flow o( expert operators into 
non-radar commissions and offer a career in their own trade. The first 
SL1pervisors' Course began in March 1941. This had the essential advantage 
of having A.M.R.E. Scientists to give part of the course. Personnel of the 
required educational standard were not always available, but officers of a lower 
standard were trained successfully. ' 

During the latter part of 1940 such a large programme was envisaged for 
R.D.F. both at home and overseas that it was realised that the supply of 
skilled Radio Mechanics in th , United Kingdom would be inadeq uate. R.D.F. 
Operators could be trnined in a period of four weeks but efficient Radio 
Mechanics required several years of radio servicing experience behind them 
as a background to specialised work in R.D.F. Signals were therefore sent 
to the Dominions of Canada, South Africa, Australia and New Zealand to 

1 Headquarters, No . 60 Group, 0 .R.B., January -1941. 
a Air Ministry File S.3523, Encl. 8A , and Air Ministry File S.48327, Encl. 13.~. 
3 Air Ministry File C.S.14822, ,. Supervisory Offi.cers,-W.A..A.F. " 
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try to recruit suitable candid<!-tes as technical officers and airmen mechanics. 1 

A similar signal was sent to the British Ambassador in the United States 
attempting to get U.S. citizens of suitable qualifications to volunteer. On 
18 June 1941 the exi,stence of R.D.F. was made public in the Rouse of Commons 
by the Leader of the House, and on the same day Lord Beaverbrook appealed 
to America for technicians to form a civilian Technical Corps.2 The name 
given to the science of R.D.F. was " Radiolocation." 3 On 23 June, "Radio­
location " formed the subject of a W.A.A.F. recruiting poster in an effort to 
obtain more volunteers with a sufficiently high standard of education for these 
important duties. 

The formation of a Radio School in Canada was proposed in August 1940 
and its organisation was planned. However, at that time the transfer of the 
Air Training Schools from Britain under the Commonwealth Training Plan 
was•taking place, and Canada had very heavy commitments under this scheme. 
After giving further consideration to this matter, Air Ministry felt that there 
was not sufficient justification in pressing the Canadian Government to establish 
a Radio School.4 However, in July 1941 No. 31 Radio School opened at 
Clinton, Ontario, for training Canadian and American R. D.F. Mechanics, 
these latter being enrolled in the Civilian Technical Corps. 

A second R.D.F. School in the United Kingdom was a necessity during 
the Autumn of 1940 if the expanding Home Chain were to be manned. The 
figures furnished by the Director of Organisation at the end of August give 
testimony to this urgen t requirement :-5 

(a) ·Existing training facilities at No. 1 Radio School, Yatesbury, for Radio 
Operators. 
Afrmen . . 126 every three weeks. 
W.A.A.F. 54 every three weeks. 

(b) Present strength of Trained R.D.F. Operators. 
Airmen . . 402 
W.A.A.P. 147 

Total 549 

(c) Requirements of R.D.F. Operators to April 1943. 
Airmen . . 2,095 
W.A.A.F. 1,205 

Total 3,300 

From the estimates available it appeared that by January 1941 t here was 
a requirement for 800 t rained personnel. This could not be met unless a 
~econd Radio School were formed. 6 There was some indecision about the 
location of the school, Northern Ireland and Prestwick being considered, but 
the Royal Air Force Station, Cranwell, was the final decision. The establish~ 
ment for the school was settled at the beginning of December 1940. Some 

1 Air Ministry File S.48327, Enclosed Folder l'23A, Encls. 3A-7.A. 
~ The Times, 19 June 1941. 3 Ibid. , 23 J uoe 1941. 
4 Air Ministry File S.48327, Folder 123A (Encl. lh) and Encl. 124.A. 
• Ibid. , Folder 123A (Encl. 1 IA). 6 Ibid., Folder 123A (Encl. 22A) and Encl. 1268. 
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Works Services were necessary and it was not until 10 March 1941 that No. 2 
Radio School was formed under the control of No. 27 Group, Technical Training 
Command, and training commenced. By the end of 1941 it became evident 
that the output of Radio Operators and Radio Mechanics was exceeding the 
rate at which they could be absorbed into new R.D.F. stations being erected 
at home or despatched overseas.1 Sufficient Radio Operators existed to cover 
all requirements up to 1 May 1942, and a reduction in intake of personnel into 
training schools was therefore arranged. For the ..first time the Home Chain 
was adequately manned numericaUy. 

The Capacity of the R.D.F. System 
Towards the encf of 1940 additional attention was g,ven to obtaining the 

maximum benefit from R.D.F. information derived from the Home Chain 
reporting system.2 Examination showed that information was being lost not 
only at the source but also in subsequent passage_ through the Filter Room 
to the Operations Room table. The Stanmore Research Section at Head­
quarters, Fighter Command, which carried out the examination, was 
responsible for advising on the organisation and working o[ the R.D.F. Chain. 
Their responsibility covered the operation and technical · performance of 
stations both as individual units and as a whole, including Jay-out of equipment, 
procedure, and communication systems. Their field of investigation included 
filter rooms. They also advised on the selecting, training and efficiency of 
personnel, and on the general policy concerning the research and production 
of R.D.F. equipment. In order to enable the reader to appreciate fully the 
work of the Stanmore Research Section in connection with raid reporting, 
a brief e:x-planation of the duties of the individual operators and others 
composing one watch at a typical R.D.F. station in early 1941 is attached at 
Appendb, 58. 

The investigations of the Stanmore Research Section were directed 
primarily towards finding the weakest links in the raid reporting system, 
It was discovered that the saturation limit, defined as the maximum number 
of tracks which could be reported in a given time , was reached in the process 
of telling, and of filte1ing, much more quickly than at any other point in the 
system .3 In fact it was calculated that teJlers and filterers could only handle 
about one-third of the number of tracks which the rest of the system could 
deal with in the same period of time. Secondly, it was shown that, provided 
each station had its own telephone line to the filter room, there was no slowing 
down of information at that link . If, ho.wever, one telephone line was shared 
by a C.H. and a C.H.L. station, a reduction in the flow of tracks became 
apparent; moreover the hold-up was even greater where lwo C.H.L. stations 
shared a line with a C.l-I., as was sometimes the case. The attempt made at 
the time of the Battle of Britain to reduce congestion at the filter room by 
making two neighbour ing stations share one line was thus shown to be hannful 
to the system as a whole. It caused even worse congestion at the reporting 
station. Arrangements were made, therefore, for every station, whether 
C.H. or C.H.L., to have a direct telephone l ine to the filter room with effect 
from 13 March 1941. 

1 Air Ministry File C.S. 9742, Encl. 5A. 
i Air Mi.uistry File S.41234, Pat1. rr, Encl. 92,L • Ibid. , Part II, Encl. 92A, p. 12. 
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Improvements at the Filter Rooms 
The existing Filter Room at Stanmore was alr;eady crowded and incapable 

of accommodating further personnel around the plotting table, The Research 
Section had decided that the personnel there were already fully employed in 
the handling of the incoming R.D.F. information for the No. 11 Group area 
only, whereas they were attempting to attend to the areas covered by Nos. 11, 
12 and 13 Fighter Groups. 1 With the introduction of other improvements 
recommended by the Research Section at the C.H. and C.H.L. stations them­
selves, it' was anticipated that the output of R.D.F. information from these 
stations would be doubled in the near future . There appeared to be no escape 
from this difficulty other than the division of the Filter Room table into units 
covering smaller areas. It-would then be possible to enlarge the scale and 
redesig,i the tables so that the required number of filterers could beseated'round 
the enlarged perimeter of each new filtering unit . Since the new tables would 
ell.eh require a separate room, it was reasonable to make the new filtering units 
1:.0rrespond to Group areas where these were also convenient from the standpoint 
of R.D.F. coverage, and to place the new Filter Rooms near their respective 
Group Headquarters, providing adequate telephone facilities for easy liaison 
between adjacent Filter Rooms. Other advantages which would attend this 
re,organisation were :-

(a) Closer liaison with the responsible Fighter Groups. 
(b) Simplification of communications, as the R.D.F. stations would be 

connected to geographically proximate Filter Rooms instead of 
all being connected to Stanmore. 

(c) Increased protection against disorganisation of the whole system by 
enemy act ion . 

Filter Rooms were already working at Fighter Groups at Box (No. 10 Group), 
Prestqn (No. 9 Group) and Kirkwall ( o. 14 Group) so there was every reason 
to anticipate that a similar organisation extended to Nos. 12 and 13 Groups 
would be successful. Headquarters, No. 60 Group had originally recommended 
that plotting should be decentralised from Fighter Command down to the 
Groups as early as June 1940. It was therefore decided in December 1940 to 
de-centralise the Stanmore Filter Room and split it between the Fighter Groups 
throughout the country. 2 This was in accord also with a scheme to decentralise 
the Air Raid Warning control from Fighter Command Headquarters to the 
Headquarters of each Fighter Group.3 Naturally such an undertaking required 
considerable time to complete the technical work, largely that of the G.P.O., 
in the installation of the many telephone lines required. It was not until 
September 1941 that the division was complete, the Stanmore Filter Room 
then being used solely for the No. 11 Group area, new Filter Rooms being 
opened for Nos. 12, 13 and 14 Groups, and anoth.er establ ished at No . 82 Group 
for the Northern Ireland Area. 

Improvements nt C.H. Stations 

Apart from some recommended improvements in the aerial systen1s by the 
Stanrnore Research Section, the prjncipal scope for increased efficiency in 
each station was an improvement in the conditions of working.4 In particular 
the radio equipment cont rols required re-disposing to• permit the most rapid 

1 Air Ministry File S.41234. Part II, Encl. 92A, Section IV, p. IS. 
1 Headqua1;ters, Fighter Conunand Signals Br,1nch, Q,R.B., December 1940. 
a Home· Office File GEN.93/82, Peck Committee. 
• Air Ministry File S.41234, Part Il, Eacl. 92A, p. 19. 
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ancl convenient manipulation. Another very important factor leading to slow 
observing was the time spent in attempting to con-elate correctly echoes on 
the tube with their designa ted track. This difficulty in matchu1g plots and 
tracks at the stabon end of the telephone line imposed a heavy burden on the 
whole reporting system. Not only did it distract the observer, but it also led 
to indecision, confusion and waste of valuable time in interrogations to and 
from the Filter Room. The major improvements r equired therefore at the 
C.H. station could be summarised as :- · 

(a) Some form of "Tracker," which would enable the Filter Room to 
designate a track on its first plot and to obtain all suosequent plots 
from the C.H. station with their correct track des~gnation without 
the need of further interrogation. 

(b) The reorganisation of the equipment controls to facilitate the work of 
the observer and supervisor. 

The Tracker 

A Tracker was installed in experimental form at Dunkirk during March 
1941.1 It required the addition of a second cathode ray tube installed near 
the one manned by the observer, and connected electrically to show the same 
indications. Close underneath the time-base or trace on the second tube, a 
long roll of paper passed over a thin roller and moved downwards at a slow 
but constant speed under the power of an electric motor. A range scale was 
given by equi-spaced vertical lines marked on the paper. Whenever a new 
echo appeared on the trace, its position was marked on the paper in the 
appropriate position, and labelled with the letters and numbers designating 
the particular track as soon as this was received from the filter room. Subse­
quent movements of the echo along the trace were thus marked at the tracker 
tube and by drawing a line through successive recordings of the same aircraft, 
a range-time curve for each track appeared. A movable range marker 
pointer on the observer's tube was co1;1pled with a similar marker on the 
tracker tube in such a way that they move.d together, and thus the tracker 
observer should never have been in doubt as to which particular track the 
reporting observer was working on. 

The introduction of the tracker enabled the R.D.F. station to keep a 
check of all echoes. appearing on the tube, together with the filter room 
designation of the track. Previously the observer had to rely on memory alone 
when making reports and when answering cross-questions from the filter room. 
A considerable clarification of work resulted and the track hand.ling capacity 
of the stations mcreased. The additional equipment was soon approved for 
all C.H. stations and installation proceeded during the remainder of the year. 

The Console 

To facilitate the work of the observer and supervisor, the several pieces 
of equipment that they were required to manipulate were mounted together 
as a single unit called, for simplicity, the "Console ".2 This development 
went.far beyond No. 60 Group's original requirement from which it had arisen ; 
the proposal being for the addition of a second cathode ray tube as a" sorter" 
in parallel with the observer's tube. Although this elaboratjon deferred its 
introduction, the elaboration appears to have been worth while. The" Console '' 

l Air Ministry File S.41234. Part II, Encl. 92A, p. 2J. " Ibid., Part II, Encl. 92A, p. 22. 
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was introduced at Dunkirk R.D.F. station in experimental form in March 1941. 
So great were the advantages of this new layout of controls that it was 
immediately termed, unofficially, the "Wurlitzer '' by R.D.F. station personnel 
-a compliment to the easy availability of the controls, suggestive of the 
cinema organ. The chief components of the Console were:-

(a) The second cathode ray tube unit together with its tracker. 
(b) The plotting map. 
(t) The horizontal polar diagram of the station on which was ifl"dicated 

the bearings at which the electrical calculator did not read heights. 
(d) The vertical polar diagrams for various azimuths or bearings wh:cb 

also showed the upper and lower cut-off points on the electrical 
calculator for the height systems. 

(e) An improved standby " Manual Convertor " for obtaining heights in 

case of unserviceability of the electrical calculatoi:. 
(f) A calculator clisplay panel similar to that on the receiver. 
(g) A master switch for the use of the supervisor, causing the display 

"No height " and informing the operator that height could not yet 
be obtained. 

Improvements at C.H.L. Stations 
For efficient working 1.he rate of sweep of the rotating aerials had to be 

increased to a speed.greatly exceeding that which was possible by the manual 
turning gear. Consequently a mechanical drive was required, the speed of 
which was variable at will to serve both the requirements of the C.H.L. stations 
with a linear time-base and also those with a. radial one.1 The mechanical 
drive needed a reserve .of power sufficient to maintain operations during high 
winds. The development of this mechanical turning gear was not without its 
difficulties as the C.H.L. stations in use were not standard, having been erected 

. during the earlier 1940 programme, the majority with separate transmitter and 
receiver aerials.2 The change to mechanical turning of a. common aerial for 
both the transmitter and receiver took place throughout 1941. 

Those few C.H.L. stations wruch were fitted with the Plan Position Indicator 
(P.P.I.) were proving more efficient than the earlier stations with the normal 
cathode ray tube horizontal time-base display. The radial time-base of the 
P.P.I. enabled the operators to give good macroscopic reports and also to pass 
all other information with considerable thoroughness, since a plan picture 
of the aerial activity of lhe whole sector was continuously presented to the 
observer. The only disadvantage of the. method of presentation was that the 
range_ was limited to about 60 o.1iles. This was, however, no great drawback 
since the picture presented by C.H.L. stations was superimposed on the longer 
range raid reporting of the main C.H. Chain. 

Triple-Service CD / CHL Stations 
In a consideration of problems connected with defence against invasion, the 

War Cabinet Defence Committee on 31 October 1940 agreed to recommend 
that the provision of R.D.F. for detecting enemy surface craft and for coastal 
a.rtillery should receive a higher priority than was being accorded at the time.3 

The three Services were all considering their separate requirements and it 
became obvious that a certain amount of overlapping of R.D.F. cover wou.ld 

1 Details of this have bee n give o in Chapter 9. 
'Air Ministry File S.3522, Encls. 60B and 63A. 
3 War Cabinet Defence Committee (Operations). D .O. (40), 39th Meeting. 
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occur jf each Service had its own chajn of stations. A letter from the Admiralty 
to the ,Ajr Ministry on 8 January 1941 urged the necessity of co-ordination of 
the supply, ere.ction and manning of C.H.L. stations since the three fighting 
Services employed, or intended to employ C.H.L. stations for the following 
purposes :-1 

Air Ministry 
Adrruralty 

War Office 

For location of low-flying aircraft. 
For locating enemy vessels approaching a barbom or 

passing through a channel. 
For locating and ranging on enemy vessels approaching 

the coast or attempting an invasion. 
Up to the beginning of '1941 Air Ministry had erected a large number of 

C.H.L. stations, some forty-four in all with sixteen more projected ; some of 
which afforded the Admiralty a part-time service. The Admiralty had erected 
six stations only and the War Office had not erected any, though a great deal 
of experimental work had been carried out in connection with sitrng and design. 
The Ministry of Aircraft Productlon had supplied all the radio equipment so 
far. The Admiralty -pointed out the strong similarity between the Naval and 
Military requirements though th~re -were some differences in detail ; both 
Army and Navy desired to prevent th enemy from approaching our- shores. 
The A-ir Ministry had already proved that their C.H.L. stations could meet 
Naval requirements in the location of surface targets-demonstrated by the 
part-time service some of these stations were giving for the Admiralty. The 
Admiralty, therefore, recommended that the Air Ministry, by reason of exper­
ience and organisation, would be best suited to undertake all C.H.L. work for 
the three Services. 

The Admiralty proposal was considered at the sixteenth meeting of the Inter­
Services Committee on R.D,F. on 30 J anuary 1941, and after a short preliminary 
discussion, it was decided to appo111t a small sub-committee of six members, 
two from each Service, under a chairman, to consider the requirements of the 
hree Services with" respect to C.H .L. stations and to recommend to the main 

committee plans t~ meet these requirements. This C.H.L. Planning Sub­
Committee met immediately and submitted an interim report within two weeks. 
A realistic view of the situation was taken, in that its recommendations were 
governed by the development which could be undertaken before 1 April 1941, 
by which date invasion might be imminent. It was the period until the 1 April 
which was covered by the interim report, thus excludjng all considerations of 
an ideal or theoretical character. Some twenty-four C.H.L. stations were 
planned to be compJeted within this period.2 

The value of th~ reports from these stations (termed C.D./C. H.L.- Coast 
Defence/Home Chain, low-looking) would have been rendered nugatory unless 
accurate and swift filtering was assured. It was considered that this could 
only be carried out in the nearest Naval Operations Room where it was necessary 
to maintain plots of all friendly ships, naval, merchant and fishing, round the 
South-East coast of England. To achieve this it was necessary to fit l.F.F. 
sets (Identification Friend and Foe) in aJl naval vessels opernting in this area, 
and there had to be a great tightening up of the reporting and plotting 
organisation for merchant and fishing vessels. 

1 A.H .B./llE/68, lnter-Services Committee on R.D.F., Minutes of 16th Meeting, 
Appe.udix " A."' 

2 A.H.B,/ IIE/67, "C.H.L. Planning Sub-Committee" (lnterim Report). 
The locations of the twenty-four C.D./C.H.L. stations erected as a result of these plans 

are given on Map No. 3. 
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ln addition to the normal Royal Air Force telepho,ne lines to the parent 
C.H. station, each C.D./C.H .L. station requii;ed lines to the nearest Naval 
Operations Room and separate military lines to the Local Defence Commander 
and the nearest coast battery .1 At the station end of these lines it was recom­
mended that two P .P.I.s should be fitted, one for the use of the Royal Air 
Force operator and the other one for the Army and Navy. This latter P.P.I. 
was to have a shorter range scale (0-25 miles). Since P.P.I.s were in short 
supply, a priority list of stations to be fitted was drawn up, 

Prior to the proposal of Triple Service Stations, thef.rmy were developing 
plans for their coast defence stations separately from the Royal Air Force. 
The total number of C.D./C.H.L. stations now required to cover the British 
coastline in the final form of a single warning chain comprised :- 2 

Royal Air Force 60 stations. 
Army 60 stations. 

Total l20 stations. 

Despite the seemingly large number of C.D./C.H.L. stations involved, this 
would be a great economy over the originally projected Army and Royal Air 
Force separate chains. 

The CH.L. P lanning Sub-Committee reeommended that trials be carried out 
with a single suitably-equipJ?ed station serving the three Services to test the · 
efficiency of the scheme, a CD/CHL station at the Needles being selected for 
this purpose. This station, the first of the War Office stations to operate, was 
ready on 10 June 1941 and was followed by 1 August with twelve more War 
Office constructed CD/CHL stations.3 In view of the shortage of trained 
personnel, the CD/CHL Planning Sub-Committee agreed that initially these 
stations should be manned and maintained by the Army. When the CD/CHL 
station at Needles was inspected by two radiolocation specialist Royal Air 
Force officers it was found to be well below standard for ajrcraft detection.4 

They recommended that the Royal Air Force should not take over the station 
from the Anny until it W<!-5 installed to the operational standard requrred by 
Filter Room. This policy was adopted and it was the end of 1941 before the 
transfer of Army CD/CBL stations to the Royal Arr F orce began. Fortunately 
the Germans never mounted the threatened invasion, for this CD/CHL station 
programme was far behind its planned schedule and would not have been of 
much real assistance in the spring of 1941. 

Detection of Very Low-Flying Aircraft 
Early in 194 1 it was apparent that the enemy appreciated that aircraft could 

evade detection by R.D.F. by flying very low on their approach to the coast. 
On the Eastern Scottish coast ma.ny attacks were made on convoys and targets 
near the coast by enemy aircraft flying at heights between 50 and 100 feet 
above the sea, 5 notably in the neighbourhood of Kinnaird's H ead, Firth of 
Tay, Cromarty Firth and Sea.pa Flow. The Air Officer Commanding-in-Chief, 
Fighter Command, drew tbe attention of Air Ministry to this weakness, pointing 
out the necessity of developing suitable equipment. The Sta.nmore Research 

1 Air Ministry File S.45860, E ncl. 79A. and Air Ministry File S.3522, Encl. 78A. 
'A.H.B./IIE/67 (Final Report). 3 A_ir l\~in_istry File S.8696, Encls. lA and 8.o., 
4 lb<td., E ncls. 24A and 41A. ~ Air M1rustry File S.3522, Encl. 80A. 
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Section were asked to carry out a detailed jnvestigation of each individual 
low-flying raid undetected by R.D.F. in order that information could be compiled 
on tbe important weaknesses in the existing Chain.1 In March 1941 the Tele­
communicatiorts Research Establishment at Worth Matravers was asked to 
examine all possible methods of improving the range performance on aircraft 
flying at 50 feet, a 50 mile range being desired, either by modification of the 
existing apparatus or by the design of new. 

Several alternatives were possible to obtain low-angle coverage :-2 

(a) Using the existing C.H.L. stations, four methods suggested were:-
(i) increasing the effective height of the aerials ; 

-(ii) increasing the output of the transmitter~ 
(iii) using larger aerial arrays ; 
(iv) increasing the receiver sensitivity. 

(b) Using a much shorter wave-length (ultra high frequency)-requiring 
a major change in equipment. 

Of these meU1ods only one was possible to give immediate results, namely an 
increase in transmitter _power, which was boosted to 200 kilowatts during March. 
The prospect of increasing the receiver sensitivity was not encouraging, and 
although it was being studied by various research· groups, no satisfactory 
solution to this problem was expected in under six months. The size of aerial 
was considered to be a~ple for practical purposes. Some trouble had been 
experienced with rotating aerials in high winds, so that any increase in size 
could only aggravate the problem. The only alternatives were either to 
increase the height of the aerials or to change the equipment and work on a 
much higher frequency. Experiments were carried out simultaneously along 
both these lines. 

To obtain increased aerial height, the C.H.L. station could be re-sited on 
higher ground. 'However, this normally meant moving further inland, and 
any increase in height gained would be subject to a loss of coverage due to 
moving further from the coastline. The only solution was to raise the height 
of the C.H.L. aerial by the use of a 200-foot tower near to the coast. Such 
stations became known as C.H.L.(T) stations. 

The second method of obtruning low angle R.D.F. coverage by using a much 
higher frequency, also appeared to be a practical proposjtion for detecting the 
very low-flying raider. The development of a new type of valve, the cavity 
magnetron,3 by a Birmingham University research group, Professors 
M. L. Oliphant, H. T. Randall and Mr. H. A. H. Boot, during 1940 had opened 
up the possibility of R.D.F. transmittet·s of sufficient power on a frequency of 
3,000 megacycles per second.4 The General Electric Company (G.E.C.) 
rapidly improved on this valve and went into production. 5 By November 
1940 the Telecommunications Research Establishment demonstrated a some­
what primitive form of ultra-high frequency ground R.D.f. equipment capable 
of following a submarine to 7½ nautical miles from the equipment. 6 By 
April 1941 the Royal Navy had an improved set of this type, termed the 
Type 271, in production. This set worked on the very high frequency of 

1 Air Ministry File S .3522, Encls. 82A and SSA. • Ibid., Encl. 86B. 
3 See Appendix No. 8, " The Development o{ the Magnetron Valve." 
• C.V.D_ Report, May 1941 , " Magnet-con Development in the University of Birmingh.1.m." 
• G.E.C. , Ltd., Lab. Report No. 8717. 
w Air Ministry File C.S. 12l38, Part I , EncL IA. 
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3,000 megacycles per second and it was considered possible to use it for the 
Home Chain requirements against very low-flying raiders. The Type 271 
used a 4 feet 6 inches paraboloid reflector, giving a sharp beam of some six 
degrees angular width. In the original equipment, separate transmitter and 
receiver aerial systems were used and their turning gear was hand-driven. 
For the Air Ministry requirement it was necessary to develop this along similar 
lines to the C.H.L. station development, with common aerial working and the 
addition of mechanical turning gear. Both C.H.L. on high towers and the 
Naval Set Type 271 were proceeded with experimentally but tests were not 
carried out until )942. The remainder of this programme for R.D.F. cover 
against the very low-flying raider is dealt with in Chap•er 16. 

Defence of R.D.F. Stations 
The attacks on R.D.F. stations during the Battle of Britain had given first­

hand experience of their weakness under bombing. There was every reason 
to expect more such bombings and under the threat of invasion, direct attack 
by enemy paratroops and saboteurs. As the Huried Reserve would not be 
available for some considerable tirne, it was essential for precautions to be 
taken on the existing stations. The aerial feeder lines were very vulnerable, 
so all receiver feeder lines had to be provided with earth traverses, and balks 
of wood and hurdles covered with sandbags or earth were placed across the top 
of the traverses to protect the feeder lines from rock falling as a result of nearby 
e."<plosions.1 

Increasing the height and thickness of blast walls round permanent receiving 
- and transmitting blocks and an improvement in the camouflage of vital points 

were undertaken to give better protection_ Such precautions were not 
considered adequate for the more exposed stations in the South-East.2 Certain 
caves in the cliffs of Dover, a( that time used for storing ammunition, were 
requested for R.D.F. equipment and personnel in order that the vital R.D.F. 
station at Dover could be maintained in the face of the heavy scale of air attack 
to which the area had been subjected. If this installation proved successful, 
further similar systems were contemplated at Beachy Head and Ventnor.3 

Such "Cliff C.H.'' stations were to have the aerials and reflectors mounted 
on the face of the cliff: no masts being necessary. After the August attacks 
on the South-Eastern R.D.F. stations during 1940 the enemy never attacked 
them again, so the " Cliff C.H." station was not constructed . There was a 
change in the standard lay-out of the C.H. station from the vulnerable East 
Coast type of station to the more dispersed type used in the West Coast Chain. 

R.D.F. for Northern Ireland and Eire 
After the fall of France. although the most direct threat to this country was 

that of invasion of the South-East of England, there was the danger that the 
enemy might avoid a frontal attack and attempt to attack this country by a 
flank movement through Eire. At -th.e 39th Meeting of the War Cabinet 
Defence Committee at the end of October 1940 the possible German invasion 
of Eire was discussed.4 lt was agreed that II although the threat of invasion 
generally was becomi11g more remote, it is poss~ble that, during the winter 
months, Ireland might be invaded with the object of increa~ing the scale of 

1 A.H.B./IIE/168, Air Marshal Joubert's Folder:" R.D.F. Station Defence," Encl. 30A. 
~ Wat Cabinet, Cbie(s of Staff Committee. 280th Meeting, C.Q.S_ (40). 
3 A.H.B./IIE/ l68, Encls. 45A, 52A, 58A and 83A, 
• War Cabinet Defence Committee (Operations), 39th Meeting, D.O. (40). 
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attack on our shipping and Western ports." Plans had therefore to be drawn 
up by the Chiefs of Staff for the defence of Eire as soon as political considerations 
permitted access to that country.1 From the R.D.F. viewpoint the primary 
requirement was to give cover to the Trish Sea and its approaches, although 
by December 1940, the Chiefs of Staff had approved that the requirement 
was for range and l1eight-:linding facilities up to d~stances of 100-200 miles 
to seaward round the entire coast.2 

A preliminary reconnaissance sho,ved that to give adequate cover to 
vital points on the coast of Ireland fourteen C.H. and fourteen C.H.L., 
stations would be necessary in addition to those stations already operational 
in Northern Ireland. It was considered that the Observer · Corps system as 
employed in Britain would be impracticable on account of the paucity of 
communications in Eire and in any event, the possibility of sabotage. Reliance 
had therefore to be placed on G.C.I. sets inland and a Wireless Intelligence 
Screen with W/T communications similar to that used during the French 
Campaign. S01ne eight G.C.I. sets were estimated to meet this requirement.3 
This project made a heavy call on available equipment, as it had to be 
op~rational by March 1941. It was obvious that there would have to be 
.some drastic speed-up in production of equipment or the Middle East R.D.F. 
programme would have to be retarded. Air Staff had laid down the priority 
of R.D.F. cover i:equired as:-

(a) North Channel. 
(b) To fill gaps in R.D.F. coverage in St. George's Channel. 
(c) To fill gaps in R.D.F. coverage in Trish Sea. 
(d) To provide cover for possible fleet anchorages in the Shannon, 

Queenstown, Berehaven and Loch Swilly. 
Between June and December 1940, some sixty new R.D.F. stations had 

been erected and manned either at home or overseas. The additional 
thirty-six R.D.F . stations now requested for Ireland were a commitment 
which could not possibly be met.1 To cover the bare requirements laid down 
by Air Staff, Air Ministry Signals Staff could only offer four mobile R.D.F. 
units and seven C.H.L. stations with one spare set for each. No G.C.I. 
stations were available but six were being fabricated for use .in Britain and it 
was suggested that two or three of these equipments would have to be released 
for Eire. These stations would have provided the minimum cover for the Air 
Staff plan. All stations were to report to the appropriate sector plotting 
table by R/T, these sectors having been planned to cover the various regions 
of Ireland. Each sector was to tell its tracks by broadcast so that the 
neighbouring sectors could intercept the information. 

Meanwhile additional sitings of R.D.F. stations in Northern Ireland and 
the Isle of Islay were carried out. 5 Since the control of Fighter squadrons 
during the first phase of any invasion of Eire would be exercised from Northern 
Ireland, it was essential that this vital base area should have adequate R.D.F. 
warning. A.t this time there were two C.H.L. and two C.H. stations working 
in Northern Ireland. Surveys showed that it was necessary to iustal three 
C.H. stations, four C.H.L. stations, four G.CJ , stations and one Mobile Radio 
Unit lo compl~te the Northern Ireland R.D.F. cover. The Mobile Radio 
Units required for Eire were under construction, and the provision of personnel 

1 Air Mi11istry File S.4990, Encl. 2A. 2 Air 1Vfinistry File S.7464, Minute 2. 
3 Air Ministry File S.4990, Encl. l6A. • ]bid. , Encl. 17B. 

6 Ibid. , Eocls. 20A, 21A, 81A. 
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fo man them continued in February and March 1941.1 Two M.R.U.s were 
'shipped to Northern Ireland in April, Nos. 245 and 246 M.R.U.s, while Nos. 247 
and 248 M.R.U.s also earmarked for this commitment were retained in a 
Maintenance Unit in England. The latter two M.R.U.s were subsequently 
released from the Eire programme for duties overseas. To control the 
developmeot of R.D.F. stat ions in Northern Ireland, a new Wing, No. 79 
Signals Wing, was established on 24 September 1941. 

The circumstances which had required the planning of R.D.F. cover for 
Eire ameliorated towards the end of 1941. During November disbandment 
instructions were· issued for the personnel and material then massed in Northern 
·Ireland, but Nos. 246 and 247 M.R.U.s were retained there and sited to give 
R.D.F. cover on the N. Ireland/Eire border in February 1942. This period 
of the threatened invasion of Eire, of some sixteen months duration, had no 
adverse_effect on the development of the Home Chain. It provided a certain 
small impetus to the rate of production of the equipment but had tht: 
disadvantage of deferring for some months the shipment of add itional Mobile 
Radio Units to other overseas theatres. 

Further Operational Considerations of R.D.F. during 1941 
In addition to the danger from undetected very low-flying aircraft, enemy 

activity at night was the other most serious threat during the winter of 1940'"""41. 
The night attacks on .London duninished towards the end of October but a 
se.ries of raids on the provinces began. 2 Coventry (15 November), Southampton 
{18 Nove_mber), Birmingham (12 December), Sheffield (13 and 16 December), 
Liverpool (21 ana 22 December), Manchester (23 and 24 December), Cardiff 
(3 January 1941), and Swansea (18-22 January) were the chief targets. These 
towns were raided repeatedly tliroughout the first half of 1941. London was 
still a main target, notably on 31 December when there occurred a very 
damaging incenruary attack; and on 17 and 20 March 1941 when London 
was attacked by 500 and 400 aircraft respectively. The normal raid strengths 
va1ied between 100 and 400 enemy bombers. . 

The conditions of greatest stress on the R.D.F. system at night were essentially 
different from those by day during the Winter of 1940-41. Enemy aircraft 
flying by night crossed our coasts singly, moving in parallel tracks confined 
to a narrow belt often no more than 10 miles in breadth. 3 These so-called 
'' crocodiles '' of enemy aircraft were commonly encountered over the South­
East coast and occasionally in the Thames Estuary, and the reporting of 
detailed and accurate information on them involved considerable difficulties. 
A typical " crocodile " had the following structure :-

Average speed of aircraft 180 miles per hour. 
Influx. strength One aircraft crossed the coast every 

4 minutes (i.e., 15 per hour). 
Typical width 15 miles. 
Linear distribution along the One aircraft every 12 miles on 

" crocodile " . 
Average superficial density 
Average volume distribution 

· average. 
One aircraft per 180 square miles. 
Since the aircraft flew between 

10,000 and 20,000 feet, there was 
an average of one aircraft per 
345 cubic miles. 

1 Air :Ministry File S. 4990, Encls. 44A, 100A, 107A, 119A a.nd 135A and 11. 

• Headquarters. No. 11 Group, O.R.B. 3 Air Ministry File S.41234, Encl. 92A. 
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When a " crocodile " passed near or over a C.H. station tbe number of echoes 
on the cathode ray tube with a 100-mile range was 100/12 = 8·3 .. There were 
also echbes from enemy aircraft not in the main Crocodile. The picture was 
complicated by echoes of aircraft behind the station and echoes from our own 
aircraft. Altogether the number of echoes to be examined was hardly ever 
less than 20 in these circumstances. Experiments had shown that the greatest 
number of plots, complete with heights, which could be passed under ideal 
conditions and competently placed on the Filter Room table was about six per 
minute. In practice the number was nearer three to four plots per minute. 
Thus. to report 20 or more responses on the tube a period of some five minutes 
was needed. In such circumstances continuous and accurate filtering became 
-<'lifficult and the tracking of individual aircraft obscure. 

From our own predicted scale of activity against the enemy it was anticipated 
that the enemy might propose to send some thousand planes to bomb a limited 
metropolitan industrial area. Under such conditions the one-dimensional 
display on a C.H. station cathode ray tube interpreted by microscopic reporting 
-wouW have been useless.1 In the spring of 1941 the new system of macroscopic 
reporting was ordered. This consisted of dealing not with single aircraft but 
the average properties of collections of aircraft by giving:-

(a') the mean plan position and superficial extent of one or more large 
formations together with their boundaries and progress, or 

(b) the breadth, direction and strength of one or more ' ' crocodiles ". 

The m.icroscopic method of reporting the full details of height, speed, number 
and direction was only retained for dealing wi,th small enemy formations. 
The improvement of R.D.F. information as a result of macroscopic reporting 
played some small part in the geoer-al improvement of our night defences, 
though this was largely due to the maturing of the new G.C.I./A.I. technique. 
G. C.1. stations were in operation early in 1941 and A.I. , Mark IV- the first 
successful form of A.I. aircraft equipment-was in use in British night fighter 
a,ircraft.2 On the night of 11 May 1941 three hundred and sixty enemy aircraft 
atta,.cked London and a record number was shot down.3 After that n.ight, 
attacks were made in much less strength, and died away at the beginning of 
July, with the transfer of the major portion of the enemy bomber strength to 
the Russian front. 

Pro_posals to use C.H.L. Stations offensively 
By the middle of 1941 offensive , sweeps were being carried out as normal 

routine by Fighter Command over the French coast. The bombing of selected 
targets in the occupied countries was also part of Air Staff policy. The possible 
use of C.H.L. stations for II offensive" operational requirements was under . 
consideration. In such circumstances it was necessary to keep the C.H.L. 
beam directed on to a " friendly " target rather than to search continuously 
for hostile aircraft. The aerial turning gear then betng introduced was par­
ticularly suited to this use. The system suggested was that our attacking 

1 With the introductioil of ••macroscopic" reporting, the old method oI giving 
inlonnation of each ai:i;craft individually began to be known, for the sake of distinction, 
a$ microscopic reporting. The literal meaning of the •word microscop ic bas no application 
in this sense . 

2 'The G.C.I./A .I. technique of night Interception is described fuUy in Volume V. 
a Headquarters, No , .0 Group, O.R.B. 
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aircraft should fly on a C.H.L. beam which could be locked to pass right over 
fhe desired target. The aircraft was to be controlled by R(T and, when its 
range was the correct distance from the C.H.L. station to the target, bombing 
instructions could be given. This proposal, made by Mr. Edmund Dixon of 
the Directorate of Communications Development, was received with interest 
by the Signals Branch at Air Ministry. · A written report of these proposals 
was requested together with any actual data available, to be laid before Air 
Staff with a view to obtaining the allocation of some four C.H.L. stations 
forthwith for this work.1 This suggestion must be regarded as the forerunner 
of'' Oboe", radio aid to bombing, which _is described in Volume III. 

. Termination of the " Buried Re.serve " Chain Programme 

It will be remembered that in September 1939 the Chief of the Air Staff 
had directed that the Intermediate R.D.F. sets of the original twenty-station 
Rome Chain, when replaced by the Main Chain "Final" sets, were to be used 
-for stand-by purposes and housed in buildings which were to be sunk to ground 
level and turfed over for concealment . 2 This was a long-term policy for the 
maintenance of serviceability of the Chain stations in face of air attacks which 
might render their" Final" R.D.F . sets unserviceable. In such circumstances, 
the personnel would have been transferred to this "Buried Reserve " equip­
ment, situated some 300 yards from the main buildings. 

This reserve programme could only be put into effect as each station in 
.the Chain received its final equipment. Even then the amount of work involved 
in excavations and buildings was enormous, as damp-proof, force-ventilated 
buildings below ground level were necessary. None had been completed at 
tbe time oi the Battle of Britain. As a result of the enemy attacks on the 
south coast Chain stations, No. 60 Group was instructed to proceed with the 
installation and commissioning of the " Buried Reserve " stations between 
Ven.tnor and Netherbutton on high priority.8 The Chain station at Stenigof 
was selected as a prototype by No. 60 Group and work began during October 
1940. By the end of November the II Buried Reserve " programme had been 
sanctioned for thirty-seven C.H. stations. In addition 100 per cent. reserves in 
mobile form for all C.H . stations to be assembled in two pools, one at Sealand and 
the other at Halton, had been approved by the Treasury.4 The Air Ministry 
R.D.F. Panel decided that, without prejudice to the right to provide 100 per 
cent. reserve mobile installations for the future, this last line of mobile reserves 
was to be limited to 50 per cent. of the total number of C.H. stations. 

By December 1940 the twelve south-west stations between Ventnor and. 
Warren (South Wales) had been included in the " Buried Reserve " programme. 
Some of the difficulties of implementing it were causing concern. The con­
struction required a very large contractor's effort. The labour available at 
this stage in the war was only just sufficient to proceed rapidly with the main 
R.D.F. stations. All the authorities concerned we.re agreed that effort was 
not to be diverted from the main stations, so this m1.:ant that the " Buried 
Reserves" were not to be completed until well into 1942. 5 Excavation 

1 Air Ministry File S.8143, Encl. 61A. 
2 This was given in Chapter 6 of this volume. Air Ministry File S.47412, Encl. 168A, also­

refers . 
• 1 Air Ministry File S.3859, E'ncls. SA , 7B and 21A. 

'A.H.B./IIE/69, Air Ministry RD.F. Panel, Minutes o[ Meetings, July-September 1940, 
Encls. Sc and 6A. 

5 Air Ministry File S.3S59, Ends. 23A and 26A. 
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difficulties arose, associated with unexpected rock formations requiring blasting, 
and on some sites the waterlogged ground caused the abandoning of the 
construction. It soon became apparent that reserve cover could be supplied 
more cheaply and more quickly by methods other than burying the reserve 
equipment. 

Partial abandonment of the programme began in March 1941 when the 
decision was taken not to continue with the twelve stations west of Ventnor.'1 
Air Staff considered the rnalter further and on 6 March a decision was taken to 
abandon the burying of the Reserve equipment of those C.H. stations upon 
which excavation had not been started, reducing the number by seventeen and 
leaving the original twenty-station Chain Reserve to be completed. The reserves 
for the stations not to have a '' B uried Reserve" were to be built above ground 
in a ferro-concrete building and termed " Remote Reserves ". Later, even the 
" Remote Reserve " programme was cancelled for south-western stations in 
June 1941. 

The prototype "Buried Reserve " station at Stenigot was ready for operation 
in August 1941' and was put on a one month test to collect operational data. 2 

This station had l 10..foot towers and generally its operational performance was 
below that of the inain station. Dampness was a constant source of loss of 
powei:. The Deputy Director of Radio, Air Ministry, after a visit to the 
Bui:ied Reserve station at Dunkirk, wrote t.hat he" was very foccibly impressed 
with the futility of tllis type of station. It is only just buried and therefore 
vulnerable to anything approaching a direct bit ... I cannot see how the 
Buried Reserve can ever be made dry, and therefore can only assL11ne t.hat they 
will require considerable maintenance ".8 The Deputy Director, continuing, 
recommended that the " Buried Reserve" situation should be reviewed, 
feeling that with the exception of Dover there was no justification in completing 
or maintaining a "Buried R eserve" at any other station on the sou[h or 
east coast . 

There was little enthusiasm for the "Buried Reserve" programme by 
autumn 1941. Most of the original twenty-station Chain had, by this time, their 
Buried Reserves either completely finished or well on their way to, completion. 
It would have been an act of doubtful wisdom completely to have igno.red 
the thousands of pounds and man-hours spent on these stations as well as 
the equipment-Post Office, electrical and radio-which had been manu­
factured especially for them and which could not be put to any other use.4 

To have abandoned the programme altogether at this stage would not have 
been cutting losses but, rather , a serious waste. As a result , the pro'gramme 
continued into 1942 before completion; the work was not allowed to compete 
or interfere with other installation work of the Chain. Throughout 1941 there 
was a tendency to regard the'' Buried Reserve'' programme as both e"'travagant 
and unnecessary. There are many such references in correspondence on the 
subject, leading one to quer y whether the original Air Staff decision on the 
"Buried Reserve" taken in September 1939 was ill-advised. 6 But the position 
in J941 was vastly different from that in 1939. Originally, when the decision 
was taken, no satisfactory mobile R.D.F. station had been developed whereby 
gaps in the Chain could have been filled after enemy action. Moreover, it will 
be recalled that the " Buried Reserve " stations were to be equipped with 

1 Air Minis.try File S.3859, Eucls. 30A, 33A and 42A. 
s Ibid., Encl. Sls. t Ibid., Encl. 81.-. . 
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apparatus thrown up on the conversion from the " Intermediate'.' to the 
"Final" state of the Home Chain-a sound and economical proposition. The 
partial abandonment of the scheme is not an admission that the scheme was 
ill-advised, rather was it a wise precaution in view of the circumstances at 
the time. 

The Calibration of R.D.F. Stations 
In previous chapters on the development of the Home Chain the problem 

of calibration of C.H. stabons has been discussed. Although every effort 
was made to adjust the rate of calibration by No. 60 Group from the outset, 
the non-availability of suitabl~ aircra{t and crews and the shortage of 
aJibration equipment had slowed down the work. During ~he autwnn of 

1940 Air Mi.nistry expressed the opinion that the calibration situation could 
not be considered satisfactory and, with a view to investigating the reason for 
this laek of progress, a special conference was called _ at Air Ministry.1 

Representatives of Air Minis.try Signals Staff, the Scientific Advise,: on Tele­
communications, No. 60 Group, and the Research Establishment met under 
the chairmanship of the As~istant Chief of Air Staff (Radio) . An app:reciatio11 
of the difficulties of calibration was taken and the necessary action commenced 
to obtain better-equipped aircraft for the task and the provision of height 
calibration and other test equipment. The technical aspects of calibration 
were re-examined by the Director of Communications DevclopITient Staff 
because some oi the results were not attaining the standard of accuracy desired.2 

It was pointed out that the cost of calibration was high-approximately 
£800 per frequency for each station-but that the R.D.F. receiver was not 
merely an aircraft detection device ; when properly calibrated and in the hands 
of a skilled operator it was a measuring instrument capable of giving results 
of considerable accuracy. Full tethnical details of the necessary steps in 
calibration were laid down and circu lated to No. 60 Group. 

The production of the height calibration gear and special oscillators to be 
carried on the calibrating aircraft was a slow process, and the rate of calibration 
'of tations was. falling behind the constructional programme for new stations.3 

The strain on the calibration resources of No. 60 Group became acute during 
the spring of 1941, and by May 1941 the calibration position ·had deteriorated. 
The Scientific Adviser on Telecommunications, Mr. R. A. Watson Watt, 
pointed out to the R.D.F. hain Committee that notwithstanding increases 
in personnel, apparatus and aircraft for the calibration of C.H. stations 
the position was far from satisfactory.4 He instanced three particular cases 
of inefficient calibration and commented that during March, April and May 
of 1941 it had been necessary to comment very adversely on eleven sets of 
calibration results. He summarised the causes of inefficiency a.s-

{a) use of low-grade labour .in ca1ibrating parties ; 
.(b) lack of supervision by H.Q. No. 60 Group and Wings : 
(c) · ever-recurring unsei-viceability of aircraft; 

(d) unsuitable methods of calibration ; 
(e) s lackness and irresponsibiJity of some calibrating parties. 

--------
1 Ais Ministry Fi le 5.42719, Encls. SSA and 60A , 2 Ibid, . , Encl. 64s. 

~ A.ir Ministry File S.B. 11868, E ncl. 26B. 
'A, .H.B. /JIE /7/ 1, R.D .F'. Chtun Committee, Minutes o[ Meetings , May/June 1841 . 

Encl. 711. 
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He pressed for the appointment of a technically qualified officer to visit all 
parties while at work and that expert instruction be given to calibration parties, 
who should not be allowed to introduce new calibration methods without 
prior approval of the Research Establishment. 

Headquarters, No. 60 Gronp defended their position with regard to calibration, 
pointing out that an increase in calibration of 142 per cent. had occurred 
between autumn 1940 and spring 1941 and t hat such calibrations had been 
carried out under the Group authority as accurately and far more speedily 
than by t11e previous authority, despite the fact that adequate resources in 
aircraft, in equipment and in personnel were not available.1 It must be 
borne in mind, in fairness to No. 60 Group's effort, that in no sphere of 
R.D.F. at No. 60 Group or elsewhere, had the art of calibration reached a 
stage where errors were not made. Headquarters, No. 60 Group, also 
emphasised how difficult it was t o keep a station at its calibrated performance 
in face of frequent feeder-line trouble,2 for which a solution had 11ot been 
found. Much of the calibration trouble centred in the design of the aerial 
systems. 

A further conference to improve the speed and efficiency of the calibration 
of C.H. stations took place at Headquarters, No. 60 Group, in July 1941, when 
the Scientific Adviser on Telecommunications, mernbers o{ his Department, 
No. 60 Group representatives and two members of Headquarters, Fighter 
Command Operational Research Section, discussed calibration difficulties.9 

The autogyro was the most successful aircraft for this calibration but no 
further supply of this aircraft from America was ant icipated, so alternative 
methods of calibration had to be explored. Other types of aircraft were 
!fated for examination for this task and Mr. Watson Watt undertook to set 
in train, at the Telecommunications Research Establishment, experiments 
to try calibration with the aid of A.I. Beacons. The establishment, at Head­
quarters No. 60 Group, of a special checking section of some ten officers was 
also recommended to improve the efficiency of this calibration work. 
Towards the end of 1941 comprehensive and detailed instructions for both 
calibration and test flights for R.D.F. stations were issued by Headquarters, 
No. 60 Group and by Headquarters, Fighter Command.4 Examination of 
these orders gives some impression of the magnitude of the effort, a minimum 
of fifty hours flying per station. A system oi calibration reports on a weekly 
basis from Headquart ers, No 60 Group, was agreed upon to keep all interested 
authorities informed of progress. By the end of 1941 the calibration 
programme, t hough lagging behind immediate requirements, was at last on 
a sound basis and could be regarded as satisfactory. The only delays at this 
period were t hose due to weather a,nd enemy action. 

The Home Chain and Identification Friend and Foe (I.F.F.) 
The increased range of frequencies covered by R.D.F. since the outbreak of 

war extended the problem of identification. Originally tbe twenty-station 
Ch<!in had worked on frequencies in the 22- 30 megacycles per second band 
and the airborne equipment called the LF.F. set had responded to this 

1 A.H.B ./IIE/7/1, RD.F . Chain Committee, Minutes of Meet:ngs, May/June 194 l , 
Encl. 9A. 

2 Eveu insulation defects due to n deposit of copper dust on the insulators caused by 
the aerial wire rubbing on them in windy weather was sufficient to upset the calibration. 

3 Air Ministry-Pile S.427'19, Encl. J02c. 'Ibid. , Encls. J05A and R, !OGA and l I IA. 
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frequency band. The Advance C.H. stations wnich had been rushed into 
operation in 1940 worked on the 38-52 megacycles per second frequency band 
-and the Army G.L. sets from 54-82 megacycles per second, to which the 
original Mark I I.F.F. signal did not respond. Accordingly a Mark II l.F.F. 
set was introduced, the response of which swept through the 22-82 megacycles 
per second frequency band and tlrns showed on C.H., A.C.H., and Army G.L. 
stations. By November 1940 Mark II I.F.F. had been fitted to " a large 
proportion of bomber and coastal aircraft " and to four hundred fighter 
aircraf t.1 The C.H.L. stations and the newly developing G.C.L (Ground 
Control of Interception) stations worked on a frequency band of 180-210 
megacycles per second and so Mark II I.F.F. did not respond for aircraft 
observed by such stations. Accordingly a set responding to G.L., G.C.I., 
and C.H.L. station frequencies, known as the Mark JIG, was made for use 
chiefly in nignt fighter aircraft, to distinguish them quickly during night 
interceptions of enemy bombers, and by the end of 1940 had been installed in a 
few -fighter aircraft. 

The need for an I.F.F. set with universal responses whatever the ground 
R.D.F. frequencies in use became apparent, and on 20 November 1940 the 
Inter-Services R.D.F. C:ommittee agreed to adopt I.F .F. Mark III, a set 
-operating on a separate frequency band which would respond to all types of 
ground R.D.F. sets as an identification if they were fitted with suitable 
interrogator/responsers. Separate transmitter and receiver aerial arrays 
were to be installed for the new I.F.F. displays on the ground stations, and an 
interrogator and responscr had to be fitted at each station. The interrogator 
was a small transmitter of 1 kilowatt power only and the responser connected 
to the additional receiver arrays caused the I.F.F. to be shown on the cathode 
ray tube. The changes in the I.F.F. equipment in aircraft are mentioned 
here because the ground Home Chain stations were the controlling factor in 
these requirements. The story of the development of I.F.F . is recounted 
fully in anotber volume. 

R.D.F. Construction- Failure of the R.D.F. Cha.in Committee 
With the formation of the R.D.F. Chain Committee in J anuary 1941 

(described previously in this chapter) it was anticipated that a speeding 
up in R.D.F. construction would occur. Under its terms of reference the 
Committee possessed very wide powers ; its composition gave representation 
to all the interested Departments and it was arranged that it should meet 
weekly to maintain close control on the progressing of the large constructional 
programmes. AU possibilities of accelerating progress on the R.D.F. Chain 
were to be explored and the preferred means put into practice. The 
installation programme which it had to examine comprised some fifty 
C.H. stations, ninety C.H .L. stations and thirty G.C.I. stations. During the 
six months up to June 1941, the Committee, instead of meeting weekly, had 
met only on four occasions ; it had appointed no sub-committees and heard 
no evidence from non-members save for a brief statement from No. 60 Group, 
and made no detailed examination of specific causes of delay. Twenty-one 
of the C.H. stations were due for completion on a two-frequency basis before 
July 1940 but none was yet operational on this basis : all were operating on 
one frequency only though the importance of this second frequency for C.H. 

1 Headquarters, Fighter Command Signals Branch, O.R.B., November 1940. 
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stations ranked highly as one of the safeguards against enem y jamming. The 
C.H.L. programme had certainly made better progress but large-scale 
modifications were still required before the most effective operational working 
would be attained. 

With so many masters to serve -in the matter of installation and maintenance 
of R.D.F. stations, the Air Officer Commanding, Headquarters No. 60 Group, 
felt the problem getting increasingly dHficult and protested for help. The 
Scientific Adviser on Telecommunications, Mr. R. A. Watson Watt, who, it 
will be remembered, in December 1940 had drawn the attention of the Secretary 
of State for Air to the lack of progress at that time in the R.D.F. Chain, 
returned to the attack with considerable vigour in June 1941, submitting a 
Note on the R.D.F. Chain Committee drawing attention to its shortcomings.1 

Of the effective co-operation between the Directorate of Works, t he Directorate 
of Communications Development and No. 60 Group which it was hoped this 
Committee would bring about , he wrote :-

" None is authorised to give instructions to the other. None is 
responsible, even on the individual site, for trouble-finding and trouble­
cJearing. This is pseudo-democracy run mad ; each constituent element 
is an autocracy; it has .not even a chairman of Soviet. . . . No one of 
tbem insisted on having facilities adequate for the programme. Each 
has with gallant folly attempted the impossible ; accepting responsibility 
without power ; using junior amateurs where he might have demanded 
professionals of high status ; knowing the War Cabinet instructions on 
the priority of R.D.F. , yet submitting to conditions which are ludicrously 
incompatible with that priority . Each has, less gallantly and with 
greater folly, assured the committee of the substantial perfection of his 
own contribution (within the limits of his facilities) and emphasised the 
imperfections of all the other co-equal partners." 

The Scientific Adviser on Telecommunications then proceeded to advocate :-
(a) That an engineer organiser of high status, who had himself been in 

charge of a major engineering enterprise, be requested to examine 
and report on the provision required in tbe Directorate of Works, 
the Directorate of Communications Development and No. 60 Group, 
or in any combination of parts of them, and on the best means of 
engineering organisation and co-ordination towards speedy execution 
of the R.D.F . Construction programme. 

(b) That this investigator be specially requested to consider the means 
for reducing to a minimum the proportion of experienced radio 
engineers required in the undertaking. 

(c) That War Cabinet authority be sought for implementing his recom­
mendations on staffing and co-ordination, without regard to nonnal 
service practice, grading,,, remuneration and relativities. 

(d) That the recommended c_o-ordinating authority be given access to 
rugh authority on material and personnel priority. 

Finally Mr. Watson Watt recommended that if th,e proposal (a) above were 
not approved, the authority of the War Cabinet should be sought for a 
reduction in the priority of the R.D.F. Chain to accord realisticaliy with the 
limited effort being applied to its completion. 

1 A.H .B./IIB/7/1 , R.D.F. Chain Committee, Minutes, Encl. 13A. 
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This devastating but belated attack on the existing R.D.F. construction 
co-ordinating organisation by the Scientific Adviser on Telecommunications 
at last focussed attention on the necessity for immediate action. His 
suggestion for an examination of the whole problem of speeding up the Home 
Chain construction programme by an engineer organiser of high status was 
accepted. The Secretary of State for Air invited Sir Robert Renwick of the 
County of London Electric Supply Company to exercise a general supervision 
of the progress of the R.D.F. Chain and to co-ordinate the various interests 
in order to ensure that all needless delays were avoided.1 The last meeting 
of the R.D.F. Chain Committee, its 6th meeting, took place on 18 June 1941. 

. The proceedings were largely formal and the Committee were notified of 
Sir Robert Renwick's appointment. 

The R.D.F. Chain Executive Committee-Formation 
Within one week Sir Robert Renwick had made a superficial examination of 

the R.D.F. construction position.2 He proposed vesting his authority in a 
committee comprising himself as chairman, Mr. R. A. Watson Watt, the 
Director of Radio, and, when necessary, the Director of Communications 
Development, the Director General of Works and the Air Officer Commanding, 
No. 60 Group. This committee, termed the R.D.F. Chain Executive Com­
mittee, superseded the R.D.F. Chain Committee. Sir Robert Renwick 
arranged for the employment of certain specialist individuals, some ten in 
number, who were engineers and progressing ex.perts of great experience.0 

They were quickly given rank appropriate to their work. It was at this time 
that Air Ministry announced a 20 per cent. establishment cut in all Home 
Establi;;hments in order to economise in manpower. The Secretary of State 
for Air ruled that this cut would not apply to No. 60 Group but that its 
establishment would be increased to what was required to enable the Group 
to carry out its commitments. I n view of the enormous expansion of the 
Chain and also a large G.C.I. station programme it was necessary to economise 
on the installation effort to the greatest degree. Air Staff therefore decided 
not to continue with the provision of the third and fourth frequencies at the 
east coast C.H. stations.4 Three sub-committees were formed to advise the 
Chain Executive Committee. These were the C.H. Working Sub-Committee, 
the C.H.L./G.C.I. Working Sub-Committee and the Ground Modifications 
Sub-Committee. 11 With these sub-committees providing the· impetus in their 
respective specialised portions of the Chain, the R.D.F. Executive Committee 
remained effective as the driving force behind R.D.F. construction throughout 
the subsequent development of the Home Chain. At last an organisation had 
emerged capable of coping with the very difficult programme. 

R.D.F. and the Battle of the Atlantic 
, Mr. Churchill, in his capacity as Minister of Defence, issued a Directive to 
the Chiefs of Staff on 6 March 1941. 6 In it he stated : " In view of various 
German statements we mus~ assum~ the Battle of the Atlantic has begun. 
The next four months should enable us to defeat the attempt to strangle.our 
food supplies and our connection with the United States. For this purpose 

1 A.H.B./UE/74/2, R.D.F. Construction- Under-Secretary of State for Air's Committee, 
.Encl. 36A, 

t A.H.B./IIE/75, R.D.F. Chain Executive Committee, Minutes and Papers, Encl. lA. 
3 Ibid. , Encl. 3A. • Air Mi.nistry File S.41234, Part II, Minute 104. 
6 Air Ministry Files S.10379 and S.10380. 
• Chief of Air Staff Folder No. 637, " Battle of the Atlantic." 
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w~ must take the offensive aga,inst the U-boat and the Focke-Wulf wherever 
we can and-whenever we can .. .'' The Prime Minister went on to give the 
highest priority to all efforts to provide improved defensive coverage for 
shipping. !n the view of the Inspector General of the Royal Air Force, the 
German Focke-Wulf aircraft was to be regarded as a greater menace to our 
convoys at that time than the U-boat.1 In addition, intelligence information 
led to the belief that the Germans were transferring some 200 to 250 long-range 
bombers (Ju. 88 and He. 111) from night bombing of this country to the attack 
on our shipping in the Atlantic,2 Our shipping had been harassed by U-boats 
throughout the war, but the addition of a heavy air attack on the convoys 
increased the seriousness of the threat. Although the major counters to these 
tactics were an increase of armament of our convoys, the increasing use of our 
own aircraft to provide defensive cover, and attacks on the Focke-Wulf and 
the U-boat at their bases, R.D.F. had a part to play in giving greater cover 
to the convoys nearing our shores. 

The problem was largely one for the C.H.L. Chain. As a short-term measure 
the improvement of aerial systems and the :fitting of a new valve (V.T.98) 
to replace the old V.T.58 valve, were put in hand immediately.3 The V.T.98 
valve gave C.H.L. stations an increase of four times the V.T.58 power and 
of l ·4 times the old range. A priority for the C.H.L. stations covering our 
Western Approaches was given and instructions were issued to fit Plan Position 
Indicators (P.P.I.) and power tun'ling gear for the aerials. This would 
inevitably take longer, being dependent on the supply of the equipment direct 
from production.4 The efficiency of the new C.H. stations in the South-West 
and West was also to be improved as speedily as possible. The who1e short­
term R.D.F. programme to assist in the implementation of the Prime Minister's 
dJrective involved :-6 

(a.) Installation of 12 new C.H.L. stations. 
(b) Modifications to 17 existing C.H.L. stations. 
(c) Speeding up of work of installation or modification of 32 C.H. stations. 

The orders of priority were based on careful operational study of requirements 
made by the Air Officer Commanding-in-Chief, Fighter Command, in relation 
to the R.D.F. contribution to the Battle of t he Atlantic. 

Simultaneously with the extension of R.D.F. cover on our south-west and 
west coasts in Northern Ireland, there was a big extension ih the number of 
airfields in Northern Ireland and the Hebrides. 6 The Prime Minister sent a 
message to the Chief of the Air Staff from Chequers on 1 March 1941 giving 
absolute priority to this work. The combined effect of this policy was to 
increase the effective area over the North Atlantic sea route where long-range 
fighter cover could be given to convoys. The entire region where Focke-Wi,lf 
aircraft could operate, from our western ports out through the Northern Atlantic 
route, was tbus protected except for certain regions directly west of Ireland. 
With characteristic thoroughness, Mr. Churchill wanted a further extension of 
R.D.F·. cover. On 21 March in a minute (Serial No. M.331./1) to the Secretary 
of $tate (or Air on tbe subject of the destruction of Focke.Wulf aircraft he 
wrote : " If we could employ R.D.F. methods to find their positions and to 

1 G,A-S. Folder No. 637, I.G. Report No. 145. 
2 War Cabinet Chiefs of Staff Committee, C.O.S. (41) 130 of 3 March 1941. 
'Air Ministry File C.S. 8143, Encl. 6A, and O.R.S./4/1 /2, Encl. 62A. 
• Air Ministry File C.S. 8143, Encls. 7A, Se, 9A. , 
• This programme is given in detail at Appendix No. 9. Also in Air Ministry File S.41234, 

Part 11, Encls_ l03A-c. 8 C.A-S. Folder No. 637, " Battle of tbe Atlantic.'' 
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direct long-range fighters or ship-borne aircraft to the attack we ought to be 
able to inflict serious casualties." The Prime Minister recommended R.D.F. 
stations on isolated islands 1n the Atlantic such as Tory Island and Rockall, 
and on Lough Erne. As R.D.F. ground stations have their maximum value 
when part of a chain, and as the sites suggested were very inaccessible from 
the Works Services aspect, the Secretary of State for Air, in his reply, said he 
thought the most promising line of approach was the provision of R.D.F. ships 
to control either their own catapult aircraft or long-range shore based :fighters. 
Such ships, fitted with Naval R.D.F. sets giving a range of 30 miles, were 
already available but investigations were being carried out to fit them with 
C.H.L equipment which would increase their range to 50 miles for aircraft 
flying at 2,500 feet. The provision of ship-borne aircraft was embarked upon 
almost immediately. The Merchant Ship Fighter Unit was formed at Speke 
in No. 9 Group for the training and supply of pilots and catapulting of Hurricane 
aircraft. These were carried on ships known as escort carriers, fitted with 
R.D.F., and could be employed against enemy aircraft when a convoy had 
passed beyond the range of shore-based fighter aircraft and R.D.F. cover.1 

These measures all contributed to the opening phases of the Battle of the 
Atlantic. In May 1941 we lost 57 ships during the month, whereas 22 were 
lost during August. In the latter month, indeed, imports continued to come 
in at a rate of nearly one million tons a week. 2 There was no complacency 
because of this early success in combating the enemy's attempt to cut om­
supply lines from America. To increase the range of R.D.F. cover over the 
Northern Atlantic sea route, C.H.L. sites were selected by R.D.F. reconnaissance 
parties during December 1941 on the Faroe Islands and Iceland. 3 The 
provision of these stations, giving cover to the Denmark Straits, and an 
improvement in the .R.D.F. facilities in the Orkneys and Shetlands during 
1942 completed the programme of R.D.F. ground stations employed in support 
of the Battle of the Atlantic. A1though we were to face a resurgence of the 
U-boat menace later, we had, by the end of the summer of 1941, checked it 
temporarily. In this important success, the ground R.D.F. stations had played 

· a small but not insignificant part. 
The development of the Home Chain during 1941, dealt with in this chapter, 

may be regarded as the most difficult year in the story of R.D.F. during the 
War. During 1940, there was some tolerance for minor weaknesses which had 
shown up in this raid reporting system. This may have been due to the relative 
novelty of R.D.F. warning and the incomplete state of the Chain, but the 
-toleration for shortcomings in the system did not extend into 1941. Those 
responsible for its development were its most severe critics ; there was no 
complacency. Criticism invariably produced action and out of it the organisa­
tion for control, construction, and development of the Chain was overhauled. 
Alongside thjs reorganisation of control, there had been equivalent technical 
progress, not only with regard to the actual equipment but also in the handling 
and filtering of R.D .F . information. The training of personnel to man the Chain 
was at last commensurate with requirements and R.D.F. equipment production 
was, in the main, satisfactory. All these were the outcome of the year 1941 
which may be regarded as tne turbulent and decisive year in the Horne Chain 
story. By the end of 1941 the effort was proportioned to the size of the R.D.F. 
undertaking, and was in keeping with the War Cabinet priority allotted. 

'C.A..S. Folder No. 637. 2 Air Miuistry File C.27924/45. 
3 Air Mioistry File S.14124, Part I, Encl. SA. 
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CHAPTER 12 

R.D.F. IN THE NDDD'l,,E EAST COMMAND, 
JULY 1940- FEBRUARY 1943 

When Italy declared war in July 1940 the Midd le East Command- always 
important because of tts position in relation to our sea communications with 
the East, became of even greater consequence, having a common front with 
the enemy in the- Western Desert. The defence of the Suez Canal and the 
Egyptian Delta area was of great importance. This area, together with 
Palestine, fonned a base against enemy hopes of moving eastwards towards 
the oilfield of Iraq and Iran. The compact nature of the Delta area had 
suggested a parallelism with the defensive methods used io the United Kingdom, 
an<l plans were already in existence for an Egyptian Ch,ain of R.D.F. stations. 
Four mobile stations were already in operation at El Dbaba, Aboukir, Port 
Said , and Ikingi Mariut, near Alexandria. Th.is chapter deals with the develop­
ment of R.D.F. cover and its operational performance in the Middle East 
Command from the entry of Italy into the war until the defeat of the Axis 
forces at El Alamein and the advance of well over a thot1sand miles into Tunisia. 

Increase of R.D.F. Cover- Middle East .Command 

RoyaJ Air Force Headquarters, Middle East, was fully aware of the urgent 
need to strengthen the R.D.F. facilities of the Command. Urgent signals 
were sent to Air Ministry during July 1940 requesting additional R.D.F. 
equipment to be sent out on highest priority.1 The Mediterranean Fleet 
anchorages at Alexandria and Haifa gave additional emphasis to the urgent 
requirement of adequate R.D.F, cover. Alexandria had some measure of 
R.D.F. early warning from the four Mobile Radio Units operating on 
the Egyptian coast. There were urgent representations from the Admiralty 
for protection for the Palestine area, Haifa in particular.2 

Partly as a result of the various requests for assistance and also in 
implementation of Air Staff policy, the Assistant Chief of Air Stafi (Radio), 
Sir Philip Joubert, ordered that the followin(T R.D.F. sets were to be 
despatched with utmost speed, with a request that he should be kept informed 
of the progress of this programme :-3 

(a) One M.B.2 Transportable Radio Unit for Haifa to arrive by 
14 August 1940. 

(b) Four M.B.2 Mobile Radio Units for the Middle East to arrive by 
31 August 1940. 

(c) One C.O.L. station for Aden, for Bir Fukum . 
(d) One C.O.L. station for Egypt, for Alexandria. 
(e) One C.O.L. station for Malta, for Valetta. 

At least six month's supply of spares was to be sent with each unit. Thirty-two 
sets of LF.F., Mark II, for use in aircraft in t he Midd le East, were also to be 
sent and eight sets of A.S,V.-R.D.F. used in aircraft against sudace vessels 
-were 'included for use in Sunderland flying boats. Special high-speed 
transport was to take the accompanying party, including R.D.F. staff officers, 
experienced installation officers and technical personnel. 

1 Air Ministry Fil.e S.573~. Encl. 44A. ~ ibid., Encl. 53A. 
• Ibid ., Encl . 47A. The nomenclature of the various types of R.D.F. station for use 

overseas , together with their purpose and range, js given in Appendix No_ 10. 
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R.D.F. Low C!)ver in the Middle East Command 

No date for the supply of the C.O.L. stations due for despatch could be fixed, 
as a fully tropicalised C.O.L. equipmen_t had not yet been prototyped. Although 
tbc function of the C.O.L. station overseas was exactly the same as that of a 
C.H.L. station at home, namely the observation of low-flying enemy aircraft, 
the, radio components of the C.H.L. stations in production at home would only 
stand up to temperate climates. Experiments on the tropicalisation of the 
C.H.L. station (thus converting it to a C.O.L. station) had been carried out at 
the Royal Aircraft Establishment, Farnborough.1 Tropical-type condensers 
were introduced, internal wiring was modified, and a cooling system of air 
b lowing was used to prevent formation of hot pockets of ajr inside the set 
which might cause consequent breakdown of the components. Six C.H.L. 
sets were partially modified and made ready for despatch in the hope that 
they would give satisfactory results temporarily until the fully-modified sets 
were available.2 The C.O.L. statioas were to be placed on sites at least 200 feet 
high, and there was a scheme afoot for designing C.O.L. aerial arrays on towers 
for use on flat terrain, but this was not yet practical due to the difficulties in 
evolving aerial turning gear. Of these six C.O.L. stati.ons, two were to be sent 
to Aden for use at Bir Fukum and Ras Marshag, one to Haifa for Mount Carmel, 
and three to Malta for Dingli, Fort Ta Silch and Fort Madelena. 

The general policy agreed by Air Ministry was that each C.O. station should 
be provided with complementary C.O.L. stations. An all-round look~ng C,O. 
station required the backing of three C.O.L. stations on an average, in order to 
give both high and·low R.D.F. cover adequately throughout the full 360°.3 It 
was for this reason that Malta required three C.O.L. stations~ soon as possible. 

R.D.F. StatioRB Planned for Middle East Command- August 1940 

The Middle East Command covered a vast area at that time-approximately 
{Wice that of the United States of America. In order to present a clearer 
picture of the progress made in R.D.F. planning within tbe Command its 
territories must be considered ~nder geographical sub-divisions :-

(a) Egypt and the Sudan.-Permanent installations had been approved 
by Air Ministry in the form of C.O. stations for I.kingi Mariut, 
Damietta, Wadi Natrun, a site 25 miles South-West of Cairo, and 
a site south of Ismailia, to be supplemented by C.O.L. stations 
at Alexandria and Port Said.4 An M.B.l station was earmarked 
for the defence of Mersa Matruh, to be sited within the defended 
area on security grounds. Although C.O. stations had been 
·allocated provisionally for both Khartoum and Port Sudan, it was 
decided tbat in the case of the latter site a C.O. station. would be 
un]jkcly to give good results owing to the proximity of the Red 
Sea Hills, which rise to 7,000 feet. Jt was therefore recommended 
that a C.O.L. station with 200-foot towers should be placed on the 
north side of the harbour where it. would have the additional 
advantage of giving warning of approaching shipping. As li ttle 
inland cover would be availab1e, it was considered essential to have 
observer screens in the vicinity. 

'I Air Ministry File S.55153, Encl. 278B. 
~ ]bid .• Enc,l. 105A. 
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(b) Palestine.-Subsequent to the allocation of a C.O. station for Haifa, 
a site had been chosen on Mount Carmel. This would have given 
good ranges and an aJl-round coverage but would not have been 
suitable for determining heights. Since Air Defence for Haifa was 
now under consideration, it was decided that height indication was 
essential and therefore the C.O. station should be resited on the 
.flat ground to the south of Mount Carmel. As R.D.F. vision would 
thus be limited to an arc of 180°-360° it was recommended that a 
C.O.L. station should also be erected on Mount Carmel to provide 
satisfactory warning along the coast northwards. 

(c) lrag_.-A plan for two MB statio11s at Basra and Abadan had been 
submitted to the Air Officer Commanding-in-Chief, Iraq. One 
station was to provide accurate -air information during the last 
30 miles of the approach of enemy aircraft and the second station 
was to fill the gap in the observer post layout, which was caused by 
the swampy nature of the country. An MB set was also proposed 
for Khan Bani Saad., about 30 miles from Baghdad, but the Kirkuk 
and Mosul areas were considered unsuitable for R.D.F. 

(d) Aden.- The non-standard station in operation at Aman Khal in Aden 
was proving very unreliable. The equipment, which it will be 
recalled was rushed out just before the outbreak of war, was make­
shift and non-tropically finished and replacements were needed 
urgently. The plan for a C.O. station was changed to two C.O.L. 
stations and an observer screen, as it was considered that these would 
give more satisfactory results in view of the nature of the terrain. 

(e) East Africa.-Tentative proposals were made concerning a C.O. 
station for Mombasa. It was feared that permanent echoes from 
the coastal hills might prove too great an obstacle and a C.O.L.. 
station might give better results due to its narrow beam. It was 
1·ecommended that a reconnaissance party should be sent to inspect 
the area, and if in the meantime an emergency arose, there would 
be no serious difficulty in setting up an MB station to t he north, 
with an associated observer screen for immediate early warning of 
the approach of aircraft. Flight Lieutenant J. F. Atherton, a 
scientific officer well versed in the siting of R.D.F. stations at home 
and overseas, eventually made a survey of the surrounding country 
and in his report suggested that a C.O. station should be sited at 
the disused Bamburi aerodrome, 40-50 feet above sea-level, with 
two C.O.L. stations, one at Nyali estate to give cover north-east­
south- south-west, and the other at Kilifi, 38 miles north of 
Mombasa.1 It is interesting to note that the South African Army 
were providing elementary home-made R.D.F. in this area, giving 
a range of some 35 miles but with no reliable height estimation for 
aircraft flying at normal h.eights.2 

(!) Malla.-Although the R.D.F. cover for Malta was more advanced 
· than in any other part of the Command, having two transportable 

Radio Units, Nos. 241 and 242 T.R. U., giving continuous cover 
for 24 hours , and with the work on the permanent C.O. station well in 
hand, the low cover was inadequate and three C.O.L. stations were 
to be erected -as soon as the equipment could be made available. 

1 Air Mioistry File S.5734, Eocl. 50A. 
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Delay in lmplementing Plans for R.D,F. Cover in the Middle East 
The R.D.F. Chain for Egypt had been planned originally before the end 

of 1939. Before an efficient air raid warning system could be developed there, 
the installation programme had to be completed. This was held up due to 
the non-arrival of equipment from the United Kingdom. In a letter dated 
3 August 1940, to the Deputy Director of Signals, Air Ministry, Group 
Captain W. E. G. Mann, Chief Signals Officer, Middle East Command, 
expressed the gravest concern ovei,- the delay in the receipt oJ equipment from 
the date of its despatch.1 He feared that R.D.F. and radio communications 
generally might collapse altogether unless equipment arrived forthwith and, 
in his opinion, the Air Ministry pl~ to complete the main R.D.F. chain layotJ.t 
in Egypt by December 1940 was impossible. There was no sign of equipment 
arriving, and shipment of towers and masts was not possible for at least fo.ur 
months. Part of this -delay was due to the long route of the convoy.s via 
South Africa. He considered that it was fair to estimate that the organisation 
would not be functioning for at least another year and that even this was an 
optimistic guess. 

It was difficult to attach blame to any particular person or section for the 
disorganisation and delay in carrying out overseas commitments. Official 
comment decreed that R.D.F. reinforcements would be sent " as soon as 
adequate supplies were available.'' The time-lag seemed to occur between 
the proposed date of despatch and the actual date of arrival, and could be. 
anything up ' to several months. Lack of supervision probably accounted for 
minor set-backs, for example, the T.R.U. for Haifa was sent deficient of any 
power supply, as the Navy found ,it impossible to accommodate two Lister 
generators. The two C.0.L. stations for Malta and the Mobile Radio Unit 
for Khartoum were delayed due to shipping breakdown and the personnel 
were conveyed separately from their equipment, either arriving months ahead 
as in the case of the personnel for Aden's Transp.ortable Radio Unit o. 304 
or becoming lost in transi t as did the Officers of this unit.2 In addition, it 
was not always possible for a large convoy to stop in order to disembark one 
RD.F. set. Every ,effort was being made to improve this state of affairs, 
but the United Kingdom at that time was being subjected to the strong enemy 
air attacks during the Battle of Britain and was making urgent preparations 
to counter possible invasion, so it could hardly be expected that a rapid improve­
ment in the supply position of R.D.F. equipment for overseas would occur. 

The Threat of Vichy French Attack in West Africa and Syria 

The attitude of the Vichy Government in France towards Britain was an 
unknown factor in September 1940. There was every indication that this 
Government was pro-German . Their forces flanked ours in West Africa and 
Syria and were therefore a potential threat , not only in themselves alone, for 
the French colonies had to be regarded as possible enemy bases. Although 
West Africa did not come under the Middle East Command, being controlled 
direct from Air Ministry at this time, it is included here because the policy 
for- its defence is so closely al lied to our grand strategy for the Middle East 
generally. 

1 Air :Ministry File S.5734 , Encl-. 58A. 
~ Ibid., Encls. 73B, 88A and l 19A. AJso File S.1056. 
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We.5t Africa.- French planes had been sighted over Freetown and Bathurst 
.and the general situation in t his area was giving rise to some anxiety over 
the lack of R.D.F. cover. Pressure of work and heavy responsibilities else­
where had absorbed the a t tentions of the few radar experts engaged in siting 
and installation and no one could be spared for the reconnaissance of the 
West African sites.1 Appeals had been made to Air Ministry for four more 
R.D.F, technical officers and three assistants to be sent out to the Middle East 
by the most rapid means possible, and these had bee~ promised for the end 
of September 1940. Meanwhile it was found necessary ·for an officer, who was 
being invalided home, to travel via Freetown in order to make a report upon 
the site there. It was considered difficult country due to its m ountainous 
surroundings and would probably need a combination of C.O., C.O.L. and 
T.R.U. or M.R.U. stations to ensure al l-round cover. 

An R .D.F. reconnaissance of the Freetown area, carried out during October 
194.0, led to the following scheme being drawn up :- 2 

(a) Immediate cover was to be provided by two M.R.U.s or T.R.U.s, 
together with three C,O.L. sets for the detection. of low-flying aircraft 
and ships. 

(b) Final cover was to be provided by two C.O. stations giving warning 
and height measurement over 360 degrees, together with the above 
three C.O.L. stations. 

(c) An Operations Room was to be provided to utilise the information of 
aircraft and ship movements obtained from R.D.F. stat ions and 
enable counter-measures to be t aken. 

Further south, on the West African Gold Coast, Takoradi was becoming a 
port of considerable importance in view of its position as a base for the assembly 
and delivery of aircraft to the Middle East via the Sudan.3 This Air Reinforce­
ment Route port required an adequate air raid warning system. Consequently 
a survey was made during September 1940 in order to rnvestigate the possibility 
of providing R.D.F. cover and to site the necessary stations. The nilly nature 
of the district severely restricted the choice of the C.0. station sites, particularly 
as al l-round height measurement was required, whilst the low height of the 
hills made it necessary for C,O.L. sta tions to be erected on as high gantries. 
as possible. As a result of this survey the following scheme for R.D.F. provision 
was proposed :-

( a) One T.R.U. and one C.O.L. station for immediate cover. 

(b) One C.O. station, together with the above C.O.L station, for final 
all-round detection and height measurement. 

(c) An addiHonal C.O.L. station on a ZOO.foot gantry, when this type of 
station had been developed . 

There were no A.A. or coastal defence guns at Takoradi and the defence 
would rest solely with fighter aircraft operating from the new airfield north-west 
of the town. It was therefore considered that a very simple form of plotting 
table was necessary, to be installed in the Receiving Block of the C.O. station 
until the arrival of other defences made a more complicated system necessary. 

1 Air Ministry File S.5734, Encls. 83A, 85A, 87 A . 
2 A.H .B./IIE/70, D. D . Ops. (Overseas) Folder '· R.D.F , Ove1"5eas," March 1938-

March 194Z; E ncl. 78A. 3 Ai.r Ministry F ile S.6691, E ncl. l l A. 
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Syria.-The defence of the Syrian border was of much importance. It was 
decided that if two more C.H.L./C.O.L. stations could be made available, 
one should be placed on the low site east of Mount Carmel, and one 
should be kept in reserve.1 Approval was given for these to be despatched in 
November 1940. 

Amended Policy for R.D.F. Overseas, October 1940 
The full implications of the threat of the Vichy French territories and the 

Italian colonies as bases for enemy offensives were quickly realised after the 
fall of France. Japan, though neutral, was so pro-German that it was necessary 
to give special attention to the supply of R.D.F. equipment to India and the 
Far East. The acute shortage of R.D.F. equipment and trained personnel to 
man it called for frequent reviews of the priority of installation at the various 
overseas sites already selected. The Inter-Service Committee on R.D.F., in 
a memorandum to the agenda of its fourteenth meeting on 3 October 1940, 
had to make further amendments to the order of priority of C.O. stations.2 

Takoradi was added to the list as a .result of recommendations of the Port 
Defence Committee but it was considered that a T.R.U. or a C.O,L. station 
would suffice for the time being. The amended list was as foUows :-

Inter-Service Revised Priori'.ty L-ist 
l. Alexandria (Ikingi Mariut) . 12. KiJindini (Mombasa) . 
2. Damietta. 13. Khartoum. 
3. Gebel Qatrani. 14. Port Sudan. 
4 . Wadi Natrun. 15. Singapore. 
5. Ismailia. 16. Takoradi. 
6. 6th Egyptian station. 17. Trinidad . 
7. Malta. 18. Hong Koog. 
8. Aden. 19. Trincoma)ee. 
9. Freetown. 20. Rangoon. 

10. Gibraltar. 21. Colombo. 
11. Haifa. 22. Penang. 

Although Works Services had not yet been commenced.at Stations 6- 10 despite 
the fact that Stations 11, 12 and l 3 were well under way, it was decided that 
Stations 6- 10 should retain their present order in view of their importance. 

The urgent need for C.O.L. aerial arrays on towers was discussed and a 
request made to the Director ot Communications Development that research 
on this equipment should be speeded up considerably as good low coverage 
was lacking in the low-lying coastal areas of. EgypL3 The type of C.O.L. set 
in use gave a very poor performance if erected on a 40-foot site such as El Sab 
Fort, Aboukir. 

Nine C.O. stations, five for Egypt and the remaining four for Haifa, Khartoum, 
Port Sudan and Mombasa, were scheduled to be completed within the next 
six months. In the interim it was intended that R.D.F. cover should be 
improved within Middle East Command by an increase in the number of 
mobile R.D.F . stations.4 Four M.B.2 stations were in the process of being 
despatched from the United Kingdom to Mersa Matruh, Aden, Mombasa and 
Khartoum. Four more M.B.2 mobile stations and three C.O.L. stations were 

1 Air Ministry File S.5734, Encls. 93A, 95A. 
• A.H .B./IIE/68, rviinutes of Inter-Service Committee on R.D.F. 
3 Afr Ministry File S.5734, Encl. 74A, • Ibid., Encl. 103A. 
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in the course of preparation and were to be ready for despatch by the end 
of November. Building had already commenced to house the C.0.L. stations 
at Malta, H aifa and Aden. · 

Meanwhile the islands in the Eastern Mediterranean were not being over­
looked. Middle East H eadquarters was proposing to carry out an R.D.F. 
reconnaissance of Cyprus with a view to placing a mobile station on the 
south-west part of the island, in order to obtain better early warning of Italian 
air attacks from the Dodecanese islands. Mobile equipment was also being 
considered for Crete. 

Review of R.D.F. in the Middle East Command-October 1940 
From the Inter-Service R.D.F. priority list for R.D.F. stations, in which 

Middle East Command took absolute priority , and from the flow of ·mobile 
R.D.F. equipment to this theatre straight from production in the United 
Kingdom, it can be seen tliat there was every indication of a great increa.:e in 
the R.D.F. facilities within the Command. It is difficult, within this welter 
of proposals and policy, to appreciate the actual R.D.F. cover available at 
that time without recapitulation.1 Installed in buildings as a preliminary 
provision for the fixed C.O. stations, the equiprnen t of which was not anticipated 
1:o be availa ble before May 1941, there were mobile sets at :-

(a) Alexandria (lkingi Mariut) 
(b) Aden 
(c) Malta .. 
(d) Haifa .. 

Type. 
M.B. 1. 
M.B. 1. 

Two M.B. 1. 
M.B. 2. 

In addition, fully mobile equipment in vehicles was in operation at :­
(e) Ikingi Mariut (supplementary to the original M.B. 1 in 

order to give 24 hours daily operation) M.B. 1a. 
(/) El Dhaba M.B. la. 
(g) Aboukir M.B. la. 
(h) Port Sudan M.B. la. 

With so few stations in such a vast territory it was inevitable that from the 
operational view point the outlook was very parochial. Each area under 
R.D.F. cover was relatively small and was nm according to the views of the 
local commander. Controlled interception, either by Sector controlling or 
directly from R.D.F. stations, was little practiced. Too much reliance on 

• R.D.F. cover, which was necessarily- limited by the paucity of equipment, 
might indeed have been unwise. In some cases recourse was had to patrolling 
as the safer method.2 

Operations Rooms, as in use in the United Kingdom, did not exist and the 
question of mobility for operations in the Western Desert at first proved a 
stumbling block to any permanent organisation. Filtering of R.D.P. infom1a­
tion could not be compared with the system in use at home, as the 'plots of the 
Middl!! East stations rarely overlapped, making it impossible to obtain range 
cuts. A Filter Room was in operation at No. 256 Wing Headquarter~ in 
Egypt, but it was regarded more as an Information Centre. Communications 
were difficult and insecure so that complicated codes were in use, and conse­
quently there was an appreciable time-lag on information. Height estimations 

1 Locations and details of R.D.F. stations operating and under construction overseas in 
October 1940 are given in Appendix No. 11 and Map No. 4. 

• Air tvfinistry File S.5734, Encl. 101c. 

161 



from the R.D.F. stations Were both rare and inaccurate and the Controllers 
were untrained and inexperienced. The maximum of R.D.F. information was 
not being obtained from the stations themselves as many of the R.D.F. 
operators being posted overseas were poorly trained- despite the fact that 
they had been given a refresher course before they embarked from England. 
A scheme of local training had to be evolved in the Middle East. Tbus the 
stinted time allotment for basic training in the 1J.K., designed to speed up 
the manning of operational stations, failed to achieve its aim and, furthermore, 
loaded Headquarters, Middle East, with a big commitment which it was not 
designed to accept. 

The Formatioµ of a Separate Radio Branch at Hcadqu~ters, Middle East 
The establishment for Headquarters, MiddJe East, had been increased to 

provide for a Wing Commander to act in an advisory capacity on R.D.F. to 
the Air Officer Commanding-in-Chief.l Wing Commander ]. A. Tester was 
appointed to this post and immediately commenced a vigorous drive to improve 
the R.D.F. facilities . For the first year of the war all R.D.F. matters came 
within the province of the Signals Branch in the Middle East. Owing to the 
growth of the R.D.F. organisation, the special nature of this work, and the 
rapid e:iq)a.nsion whjch was envisaged with the impending flow .of equipment 
from Britain, it was considered essential to establish a completely separate 
Radio Branch- though this move was not accomplished without opposition 
and was without official approval of the Air Ministry. Once convinced of the 
advantages of such an arrangement, the Chief Signals Officer himself gave 
weight to this argument, and the Radio Branch came into being in October 
1940- in good time to face the heavy programme of R.D.F. e:>..-pansion in the 
Middle East .2 

Eetahlishmeut of a Branch of D.C.D. in the Middle East 
A branch of the Directorate of Communications Development, Air Ministry, 

was established in the Middle East, in December 1940, attached to the Radio 
Branch at Headquarters. It was to deal purely with technical matters and 
in particular with the supply of spares which was causing great concern.3 It 
was anticipated that this addition of experienced D.C.D. technicians to the 
Headquarters would lead to greater co-ordination in the development of R.D.F. 
facilities in the Middle East. This was certainly borne out in practice when 
the Middle East D.C.D. staff were working in conjunction with the R adio 
Installation and Maintenance Unit; the portable R.D.F. pack sets and the• 
inaeased mobility of the C.0.L. stations resulted from this co-operation during 
1941 and were subsequently used with success on operations. 

Formation of the Radio Installation and Maintenance Unit (R.I.M.U.) 
Following on the re-organisation of the Radio Branch in th.e Middle East, 

a Radio Installation and Maintenance Unit was formed on 14 December 1940.ll 
With an f!Stabl isnment of 13 officers and 99 airmen (reduced to two officers and 
15 airmen on its formation) its object was the installation of A.M.E. Stations 
and maintenance of R.D.F. equipment (both airborne and ground) in the 

t Air Ministry File S.5?34, Encl. 10 I c. 
tHeadquarters, Middle E115t, O.R.B., 10 October 1940. 
3 Air Ministry File S,4421 l . Encl. 1051>, Headquarters, Middle East, File S.50530/R (now 

A.H .B./IIE/188/13), and Air Ministry File S.5734, Encl. 153A. 
4 No. 1 R.I.M.U. 0.R.B., 14 December 1940. 
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Middle E~st Command. Its first concern, howev r, becaple tpe collecting and 
sorting out of missing techn ical equipment. Supplies had been arriving from 
the United Kingdom unchecked and badly labelled, so that parts were lost and 
mislaid. Cases had been known of equipment being µnloaded at the wrong 
ports. With the acute shortage of every type of tec~ical apparatus in this 
trieatre, it was vital that wastage through such causes should be eradicated as 
soon as possible. 

Personnel were arriving to man the A.M.E. Stations-many of which were 
still in transit. It was therefore suggested that the R.I.M.U. could be ut il ised 
as a pool fo:r these surplus operators and it soon became a reception depot.1 

, Here the men were reformed :into units as t he equipmen became available. 
Many of them still had several months to wa1t before they were sent out to au 
operational site, but at least there was son,e sort of attempt by the R.I.M.U. 
to organise the flow of man•power. It was also u nder the aegis of this unit that 
a school was set up to train fhe airmen, newly anived from the United Kingdom , 
on the mobile and transportable types of equipment t hey would be using. 
Some idea of local conditions was given to impress upon the men the need 
for a change in mental outlook from their previous experience in the relative 
comfort of Home Chain stations. 

War Cabinet's Concern over Greece 

On 1 November 1940 the Secretary of State for Air, who was visiting the 
Middle East at that time, sent a signal to the Prime Minister emphasising 
the imperative need for reinforcement in that area.2 The Air Officer 
Commanding-in-Chief, Headquarters, Midd1e East, had informed the Secretary 
of State for Air that, in the event of serious military operations developing, 
the Royal Air Force was not in a position to give the Army any really effective 
help. Although up to that time the Italian bombing had beert singularly 
ineffective, there was a real danger of heavy attacks becoming imminent over 
the crowded cities. The Secretary of State for Ait paid tribute to the brilliant 
tactical skill of the small groups of Fighters and Bombers in operations against 
the Italians, but pointed out that the weakness of the Royal Air Force in the 
Middle East would become a major issue which might have the gravest 
consequence . 

Between October and November 1940 the defence of the Middle East became 
a subject for discussion at several meetings of the War Cabinet Defence 
Committee, particularly with i·egard to affording assistance to Greece.3 On 
17 October 1940 the Committee requested the Air Staff to review the position 
·of R.D.F . in the Middle East and on 5 November 1940 a report was approved 
containing proposals for establishing a fleet refuelling base in Suda Bay and 
advanced landing grounds in Crete.4 A sca.Je of reinforcements needed to carry 
out tl1is scheme was outlined, and included RD .F. equipment. On 6 November 
1940 the Air Staff were again jnvited to examine the possibilities of providing 
R.D.F. equipment for Crete at the earliest possible moment. Although 
extremely short of supplies, Headquarter Middle East, wa preparing a plan for 
operating R.D.F. at Athens and in Crete, using sets now ex.isting in the Middle 
East plus those which it was hoped would be sent in the Greek reinforcements 
convoy if space in the ships could be made available. 

1 No. I R.I..M.U. O.R.B., 12 January 1941. • A1r Nlinistry File $.5734, Encl. 108A. 
3 Confidential Annex to D.O. (40), 39th Meeting of the War Cabinet Defence Committee. 
1 Chiefs of Staff Papers, C.O.S. (40) 352, revised copy of C.O.S. (40) 903 oi 11 November 

r940, and C.O.S. (40) 26th Meeting (Operations). 
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Practical Aid for Greece from Headquarters, MiddJe East 
A siting party was sent immediately to Greece and Crete and instructions 

were issued to divert M.R.U. No. 22l, which had arrived by this time for 
installation at Khartoum.1 Reinforcements in the shape of one Hurricane 
Squadron, two Wellington Squadrons and hvo Mobile R.D.F. Units were 
promised by Air Ministry as replacements for any forces sent to Greece from 
the Middle East, In the light of future developments, the re:inforcements thus 
allocated seem somewhat inadequate, but it must be remembered that our 
indusu:ial effort at home had by no means reached its peak and there were 
many demands on the smaU amount of equipment and transport available. 

In view of the immediate urgency, it was decided to transfer the M.R.U. 
o. 252 from its operational site at Sidi Barakat to either Port Said or Crete 

and to replace it by a C.O.L. station as the site was particularly suited for this 
type of equipment.2 A number of C.O.L. stations had finally reached the Middle 
East ·and were about to be despatched to Aden, supplemented by an M.R.U. 
and full crew. A suggestion was made to recall tbis latter equipment, for use 
at Khartoum and to dispense with the idea of a C.O. station at Aden until 
further research had been carried out on a new type of aerial array.3 The 
question of a siting reconnaissance for Cyprus was still outstanding and as soon 
as this could be arranged an M.R.U. station was to be erected on the island and 
was to report information straight to Hajfa. 

Siring Difficulties Encountered in Crete 
By the middle of December 1940 the Admiralty were making anxious 

enquiries as to the existence of R.D.F. in Suda Bay. Tbe,eply received from the 
reconnaissance party in Crete was not, on the whole, very reassuring.4 M.R.U. 
No. 252 J-tad been placed temporarily at Aroni on the north side o{ Suda Bay, 
its final location to be Maleme; and a second M.R.U. was expected for use at 
Heraklion. There were very few possible sites in the area and out of these 
there was no site really suitable for an M.R.U. or a C.O.L. station. They were 
either too low or surrounded by hills which would cause large permanent echoes, 
and all suffered from extreme difficulty of access. Complete protection of Suda 
Bay was ther,efore· impossible, and shor t-range warning only could be givert. 
There were no su itable R.D.F. sites on the western end of the Island, but an 
efficient observer system was in operation. It was pointed out that even in 
the event of fighter a,ircraft being available, interception would be very 1mlikely 
with the type of R.D.F. gear then in use. 

Oevelopmeot of a S:maJl Portable R.D.F. Set in the Middle East 
The Mobile Radio Vnits (M.R. ".s) were mobile only iin the sense that they 

could be moved from one site to another on their appropriate motor transport. 
The degree of mobility of such stations during a campaign was really insufficient, 
as they took some four days to erect. In addition, on difficult terrain such as 
the mountainous regions in Greece and Crete, where the roads were particularly 
bad, many suitable sites were inaccessible to the heavy motor transport of these 
M.R.U.s. Finally, when a suitable site had been selected and the M.R.U. was 
· et up ther~, no cover was given against low-fl ying enemy aircraft. 

~ Air Ministry File S.5734, Eno!. J 15A. 2 Ibid., Encl. 112a. 
~ I bid., .Encls. l l 7A and 118A. t Ibid., Eocls. 132A and 138A. 
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These disadvantages of the M.R.U.s under campaign conditions stimulated 
the Radio Branch at Middle East Headquarters to develop a small portable 
R.D.F. set, quite independently of any technicaJ developments at home.1 

This equipment consisted of an aircraft A.S.V. set used on the ground with a 
locally-designed aerial system. In its preliminary stage it gave ranges of 18 miles 
011 an aircraft flying at 2,000 feet and 24 miles at 6,000 feet using an effective 
aerial height of only 15 feet. The whole equipment was designed for mule 
transport in the event of good motor roads not being available. By Ma_rch 1941 
two such sets were in use in Crete as satellite stations to the Mobile Radio Units 
in order to give adequate low cover. Sited on hills, they were surprisingly 
successful, giving 25-mile ranges on ]ow-flying aircraft. Plans of the design of 
these sets were sent back to the United Kingdom to be prototyped for general 
production. Subsequently the first models of this eqnipment produced a t home 
were unsuccessful, having inadequate range, though ultima tely this apparatus 
was developed into the satisfactory Type 6 Station. 

The Axis Bid for Supremacy in the Central Mediterranean 

Towards the end of 1940 the enemy decided to make an effort to establish 
supi.-emacy in the Central Meditecranean . During January 1941 German aircraft 
arrived in Sjcily and began to operate against Malta and our Mediterranean 
convoys in support of increased enemy submarine activity.2 Serious toll was 
taken of Naval convoys and the passage of shipping through the Western 
Mediterranean from Gibra)tar was so dangerous that it became obvious that 
the Admiralty would be unable to ship any further R.D.F. equipment direct 
from the United Kingdom to Malta. 

Appreciation of R.D.F. Cover in Malta 
To safeguard their lines of communications from 1ta!y to North Africa, the 

enemy undertook a steady aerial offensive against Malta. Radio-location could 
play a decisive role in the defence of such a compact target as that which Malta 
presented to enemy aircrc1,ft operating from Sicilian airfields. In order to 
appreciate the R.D.F. cover available in Malta it is necessary to recapitulate 
briefly the facilities which had been installed there. Until December 1940 the 
Island was protected solely by Transportable Radio Units Nos. 241 and 242 
at Fort Dingli, working aJternately throughout each 24-hours period and 
receiving some assistance from one G.L. set which came on the air when tracks 
were picked up by these A.M.E. Stations.3 The object of the G.L. set was to 
cover that area vi'ithin the permanent echoes of the A.M.E. Stations. Although 
sited within 3,000 yards of each other T.R.U.s Nos, 241 and 242 had slight but 
important differences in performance resulting in varying gaps in the R.D.F. 
screen. Enemy formations flying at approximately 20,000 ft. were normalJy 
detected ~t 65- 75 miles. On No.· 241 T.R.U. these raids faded between 35- 28 
miles but this caused no serious operational drawback. On No. 242, however, 
the fading area was between 50-39 miles, a most inconvenient distance since it 

l Air Ministry File S.5734, Encl. 182A. 
The M.R.U. had a very unwieldy establishment of '' specialist" personnel involving 

equally unwieldy impedimenta. The Middle East Command developed the policy of having 
the minimum m1mber of men, each trained to do a lmost all field jobs----<lriving. cooking, 
defence, and ope'rating- for the manning of its improved small portable R. D.F. That, as 
much as the faci lities offered by the new stations. accounted for theil:' remarkable mobility. 

2 Ibid., Encl. l14A., and A.H.8,/ IIE/70. D.D. Ops. (Overseas) Folder" R.D.F. 
Overseas'', Encl. 63A. 3 Ai.rMinistry F ile S.47124, Enc l. 131A, 
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covered the period during which fighters had to be flown off if interceptions 
were to be made. The addition of another receiving aerial to No. 242 T.R.U. 
did much to .fill up this gap. 

The first C.O.L. station became operational to provide low cover at 
Fort Ta Sikh on 28 December 1940, followed by a second on 19 January 1941 
at Fort Maddalena, while the third station commenced testing and calibration 
in February at Fort Dingli. Although these stations were able to plot aircraft 
at their extreme range (approximately 70 miles), the operational height of the 
enemy aircraft had been such that they had so far provided only a little extra 
coverage over Nos. 241 and 242 Transportable Radio Units. 

Until mid-January 1941, when the Litjtwaffe arrived in Sicily, the Italian 
daylight raids usually co.nsisted of formations of bombers escorted by fighter 
aircraft and flying at an average height of 20,000 feet.1- Similarly. recon­
naissances were carried out by formations of fighter aircraft and no difficulty 
was experienced in detecting any of these raids. Single aircraft rarely 
approached the Island by day. Night raids usually consisted of single aircraft 
or a succession of single aircraft flying at approximately 10,000 feet. These 
were normally detected at about 40-50 miles, and were followed in by R.D.F. 
observation with some, but not serious fading. 

With the arrival of the Germans, tactics underwent a noticeable change. 
Frequent reconnaissances were made by single high-flying aircraft (usually 
}U.88) and these were seldom picked up beyond 25 miles and, on two or three 
occasions, were only detected when within visual range of the Island. Fighter 
interception was impossible. On one occasion a JU.88 slipped through t~e 
R .D.F. defence and caused casualties and damage before any alarm could be 
given. As a result of this attack the Army provided a 24-hour watch with a 
G.L. set in order to give warning of aircraft wh,ich evaded the R.D.F. screen. 

At the beginning of February 1941, Wing Commander Tester, Chief Radio 
Officer from Headquarters Middle East, visited Malta at the request of the 
Air Officer Commanding, who was seriously perturbed at the number of single 
aircraft attacking the Island undetected.2 Several technical faults were found 
in the newly-erected stations, and the chief trouble in the operation of the 
stations was found to be the method of sweeping of the C.O.L. stations, so that 
if the T.R.U. did not pick up a raid there was a great danger of its getting close 
to the island without being seen at all. A better method of sweep was instituted 
and Filter Room personnel were instructed in the handling of the stations. 

The Filter Room was in a cellar some SOO yards from the Operations Room 
which was situated in the War Headquarters in Valetta. No Filter Officers 
were available and the duty was carried out by two A.M.E. Station Commanders, 
who were thus prevented from supervjsing thejr own R.D.F. stations. There 
was a great deal of activity. In thir.ty-four normal days about 20,000 plots 
wei:e received in the Filter Room, the large majority of these being hostile 
trac~s. The need for trained Filter Officers y,as great, as the Filter Room had 
insufficient expedence to control the reporting of the stations.a 

·An analysis of the station records showed on the whole that the entire air 
defence system operated with remarkable efficiency. The Controller's task was 
made more difficult by the lack of height information and LF.F. but this was 

1 Air Ministry File S.47124, Encl. l lOA.. 
1 A .H.B./IlE/70, f?.D.Ops. (Overseas) Folder, Encl. 72s, 
3 Report on F/O. Findlay's vis(t to Malta-attached to Air Ministry File S.47 l 24. 
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mitigated by t he smallness of the target area and the low numbe, of friendly 
_ aircraft.1 It was felt that it was highly desirable to have a second "floodlight" 
station (as opposed. to the ' 'searchlight ' ' C.O.L. type) preferably with height­
finding. This provision was most urgent consequent upon the undetected raids 
and the need for height reading. In view of the shortage of R.D.F. gear 
overseas at that time, the idea of splitting i .R.U. Nos. 241 and 242 into separate 
stations operating simultaneously was considered. An R.D.F. expert from 
Stanmore Operational Research Station attributed the non-detection of the 
~ingle aircraft to their great height, as a similar phenomenon was giving rise to 
anxiety on the Home Chain.2 

Various solutions were put forward to the problem of increased R .D .F. cover 
for Malta b ut it was finally decided to abandon the idea oi a C.O. station at 
Rabat and to substitute a T.R.U., probably at the north end of the Island, to 
provide cover over the Isla!).d itself.3 A fourth C.O.L. station would also be 
required to fill the gap caused by permanent echoes from the island of Gozo.4 . 

During the early part of 1941. Headquarters, Middle East was finding it 
almost impossible to provide sufficient cover for their own territory against 
increased attacks from German aircraft, but it was arranged ihat M.R.U. 
No. 218 should be transferred to MaJta from Lakoni in Mombasa. 5 It was a lso 
inte,nded to improve the performance of the existing T.R.U.s on Malta which 
were using l\lI.B.1 transmitters giving a very low power output of 30 kilowatts, 
by shipping out the latest type of M.B.2 transmitter which would give 
200 kilowatts. 6 This new. equipment unfortunately was a total loss due to 
enemy action on the high seas. No more equipment couJd be sent direct to 
Malta from England except for small stores, which might be sent by aircraft 
or submarine. 

Suggestion th~t R.D.F. Equipment for Malta should he supplied direcl from the 
Middle East 

Once again Headquarters, Middle East were approached and requested to 
furnish the hard-pressed Island with two M.R.U.s, complete with height­
finding gear, from their own scanty stocks. This brought forth a justifiable 
protest from the Middle East who co11Sidered it unreasonable that they should 
be expected to supply material to Malta which already possessed five stations 
in a small area whereas the Middle East had very few more to distribute over 
a far more extensive coverage.7 Light German attacks were becoming more 
frequeait on the Suez Canal and in order to contend with these, the non-standard 
R.D.F. gear which had orig.inaUy been stationed at Ikingi Mariut and which 
had latterly been sent to Mersa Matruh, was now withdrawn and removed to 
Port Said. The only height-finding equipment was the new M.R.U. at Ikingi 
Mariut, but this had not yet been calibrated and was nof therefore operational. 
It was considered by the Middle East staff officers that in v iew of the extended 
commitments of the Western Desert and t he threat to the Canal zone, provision 
of cover for Egypt should have highest priority. Great disappointment was 
expressed at the non-materialisation of the promised additional Mobile Radio 
Units, on the early arrival of which all plans for R.D.F . in Egypt had been based. 

1 A.H.B. /IIE/70, D.D. Ops. (Overseas) Folder, Encl. 72s. 
'Air-Ministry File 5,5054 l /R.D.F., Encl. 130A. 
~ Inter-Service R.D.F. Committee, Minutes of 21st Meeting. 
• A.H.B./IIE/70, D.D. ()ps. (Overseas) Folder, Encl. 83A. 
~ Ibid. , Encl. 75A, and Air Ministry File 5.47124. Encl. 114A. 
7 Air Ministry File 5.5734, Encl. 145A. 
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On receipt of this protest at Air Ministry, an attempt was made to e:irpedite 
the shipment of six Mobile Radio Units awaiting despatch to Egypt and it was 
agreed for the time being to drop the plan for adding to the pre:,ent R.D.F. 
equipment in Malta.1 Replacement parts had been sent to Malta by air but the 
Wellington aircraft was lost en route. A duplicate set of parts was despatched 
and their safe arrival ensured that all three C.0 .L. stations located on the island 
would soon be fully operational again . 

The Deputy Air Officer Commanding-in-Chief, Middle East Command, Air 
Vice-Marshal Tedder, had personally asked Air Marshal Sir Philip Joubert, the 
Assistant Chief of Air Staff (Radio) at Air Mini~try, that the policy for additional 
equipment for Malta might be reconsidered. In his reply Sir Philip Joubert 
assured Air Vice-Marshal Tedder that every effort was being made. to expedite 
and despatch further R.D.F. reinforcements to the Middle East, including an 
early diversion of all the Freetown R.D.F. stations.2 

By the end of February 1941 Mobile Radio Unit ,No. 265 and iransportable 
Radio Unit No. 244 had arrived in Freetown and the personnel foe the C.O.L. 
Stations Nos. 13 and 14 had also reached their destination, though all their 
R.D.F. equipment had been Jost at sea due to enemy action.3 The reinforcement 
of the Middle East was so urgent that T .R. U. No. 244 was sent immediately to 
Headquarters, Middle East, and M.R.U. No. 265 and the crews of the C.O.L. 
stations were to follow as soon as possible. This removal of the Units from 
Freetown was an interim measure only. Actoally the flow of R.D.F. stations 
from the United Kingdom was jmproving.4 At the beginning of March 1941 
some ten Radio Units. were en route for the Middle East theatre and an early 
improvement in the R.D.F. cover could be anticipated. 5 

Initial Policy for G.C.I. Stations in the Middle East 
As the German Forces rn.oved into the Balkans and also advanced in the 

Western Desert during the early part of 1941, there was every reason to 
anticipate that their bombing attacks would become more intensive and 
sustained on important targets in the Middle East. Certain area,.s, vital to our 
war effort there, were particu larly liable to attack as they were situated on the 
North African coast and provided excellent targets for night bombing. At 
home the development of Ground Control of Interception (G.C.I.) R.D.F. 
stations was resulting in a considerable improvement fo the night defences. 
It was thought essential that G.C.l. units should be provided within the shortest 
possible time for the Middle East. The areas which were considered to have 
priority were selected as :-6 • 

Malta 
Alexandria (and Aboukir) 
Suez Canal Area 
Suda Bay 
Piraeus 
Tobruk 
Benghazi 

' Air :i'vlinjstry File S.5734 , Enel. 151 I\. 

No. of G.C.l. Sets 
1 
1 
2 
l 
1 
1 
1 

' lb-id. , Encl. 178A and A.H ,B. /IlE/70, D .D . Ops. (Overseas) Folder, Encl. 170A. 
a Ibid,, Encls. 168A aod 183A. 
4 A.1:LB./LIE/70, D .D . Ops . (Overseas) Folder, Encl. l70A.. • 
6 A suinmary o{ the R.D.F . position in Middle East Command, including details of the 

Mobile Radio Units and C.O.L. stations en route from the United Kingdom, is given .in 
Appendix No. 12, 0 A.H.B. /IIE/70, D.D. Ops. (Overseas) Folder-, Encl. 'JOA. 
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There was every indication that the warfare in the Middle East would be of 
a fluid nature. The ebb and flow of the war might bring other important 
places within range, or the war might recede from the above-mentioned areas. 
It was therefore recommended that the G.C.I. stations to be supplied should be 
mobile or transportable and that at least four sets should be held in reserve. 
lo view of the demands of the rapidly-expanding G.C.I. " carpet " at home, 
it was not anticipated that G.C.I. equipment would be available for the Middle 
East before September 1941 . -

Operational Performauee of R .D.F. Early Warning during the Campaigns of 1941 

Greece 
It will be recalled that No. 221 Mobile Radio Unit had been diverted to 

Greece on 17 November 1940. A siting party had selected a location at Araxos 
near Point Pappas in the Royal Hellenic Naval area of Patras, some 120 miles 
due West of Athens, on the west coast of the Peloponnese Peni.nsula.1 The 
M.R.U. had considerable difficulty in reaching the site owing to the poor 
condition of the roads. It was nearly a month before the R.D.F. station 
became operational under the appalling conditions of rain and mud which 
prevailed. 

Although one R.D.F. station could not possibly gi".e adequate early warning 
cover for a theatre of operations of the size of Greece, the performance of 
No. 221 M.R.U. was very good . Its line-of-shoot was directed towards Southern 
Italy and it gave good warning of the approach of enemy aircraft from the 
Southern Italian and Sicilian airfields. Enemy aircraft were. frequently 
observed up to a range of 170 miles. The station told its plots to the Greek Air 
Defence Centre at Athens by land-line, with stand-by W/T facilities to the 
Centre and the Headquarters of the British Air Forces in Greece. Some 
confusion was caused at the Air Defence Centre in Athens, raids there being 
duplicated on the plotting table because our R.D.F. information was usually 
about 20 minutes ahead of the Greek observer system of visual detection of 
raids. Throughout January 1941 the plotting system at the Air Defence Centre 
was most ineffective-often due to the absence of English-speaking plotters. 
During February a considerable improvement was effected, airmen from 
No. 221 M.R.U. taking over plotter's duties at the Air Defence Centre itself. 

It had been intended to move No. 251 M.R.U. from the Sudan to Larissa, 
about 150 miles North of Athens, to give cover against the approach of German 
aircraft from Bulgaria, but events moved too rapidly.2 The German break­
through began early in April 1941 so really adequate R.D.F. cover was never 
supplied to our forces operating there. 

On 13 April No. 221 M.R.U. at Araxos received orders to close down and 
move to Massawa airfie1d.3 Personal instructions were sent from the Air Officer 
Commanding-in-Chief, Middle East, to Air Vice-Marshal J. H. D'Albiac, Air 
Officer Commanding British Air Forces in Greece, that he was to make quite 
sure that no R .D.F. equipment feH into enemy hands."- A warning order to 
No. 221 M.R.U. to prepare for a move to Crete was issued, but later cancelled 

1 No. 221 A.M.E.S .. O.R.B., 26 December l940. 
1 A.11.B./IIE/70, D .D . Ops. (Overseas) F older, Encl. 75A. 
3 No. 22l /l..M.E.S., O.R.B., April 1941. 
• British Air Forces in Greece, March-April 1941, O.R.B., D.O. letter of 18 April 1941. 
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to avoid any suggestion to the Greeks that the Royal Air Force was evacuating. 
Some two days later the R.D.F. equipment only of the unit was thoroughly 
destroyed by hand owing to the lack of suitable shipping for its evacuation.1 

Without technical equipment, the morale of the R.D.F. personnel, high 
throughout the whole of their stay in Greece, showed to even greater advantage 
during the last disastrous days of the campaign. On 21 April two junior 
N.C.O.s manning Lewis Guns in the open shot down an enemy aircraft from some 
twenty which were straffi.ng the air.field at EJeusis. Under continued bombard­
ment from the air, .the R.D.F. unit took to the hills, destroying the remainder 
of their equipment and all documents. A week later they we.re evacuated 
without casualties by sea to Egypt in five small groups, each in different 
vessels.z 

It would be futile to claim that Royal Air Force R.D.F. made any really 
useful contribution to . the campaign in Greece, yet the si11gle unit which 
operated there did so successfully, and the personnel showed a devotion to 
duty at all times which augured well for future campaigns. 

Crete 
Reference has already been made to the intention of providing R.D.F. cover 

for Crete. No. 252 Mobile Radio Unit landed in Crete on 18 December 1940. 
A location had been selected in advance near Maleme, bnt this site was 
completely unapproachable due to the bad state of the roads, which were 
partially destroyed by the heavy rains. The unit was therefore installed 
temporarily at Aroni, on a ridge of land North of Suda Bay.3 A three-way 
looking aerial array was erected in the absence of specific instructions as to 
line-of-shoot on this temporary site. The plots were passed to a nearby Gun 
Operations Room by land-line shared with a G.L. set operated by the Army.~ 
All other communications were by W/T. The site could not be regarded as a 
good one; permanent echoes were rather bad. However, this site was considered 
by the Officer Commanding No. 252 M.R.U. to be far superior to that proposed 
at Maleme and he submitted a report elucidating the advantages and pointing 
out that Aroni had been the original site selected by the R.D.F. reconnaissance 
party.s Headquarters, Middle East were adamant, however, and ordered the 
unit to proceed to Maleme immediately the weather and adequate defences 
permitted. The site selected at Xamondochi, on the spur of foot-hills due South 
of Maleme and only 3 miles from our airfield there, gave the best possible cover 
on lines of approach of enemy ai,rcraft for both-the Naval anchorage at Suda 
Bay and our airfield. On 15 January 1941 the Mobile Radio Unit moved to its 
new site. Its plots were passed to the Operations Room at Canae, where an 
elementary form of filtering took place. 6 The ranges obtained were satisfactory, 
except for cover against low-flying aircraft. Fairly heavy raids were experienced 
and plotted successfully, ·but t he information had little value as the Fighter 
defences were inadequate. 

During March the R.D.F. cover on Crete was increased by the arrival of 
No. 220 Mobile Radio Unit and two R.D.F. pack-sets suitable for mule 
transport. T he M.R.U. became operatioual at Heral<lion on the i;iorthem 
coast of central Crete while the pack-sets were situated on hills on Cape 

·1 Headquarters, Middle East File S.50503/221 /R.D.F . , Encl. 41D. 
~ No. 221 A.M.E .S., O.R .B .. 27 April 1941. 
3 No. 252 A.M.E.S., O.R.B. , Appendix" L" 4 Ibid ., Appendix ·1 K." 
6 Ibid. , Appendix " E . '' 6 Ibid. , Appendix "M." 
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Drepanos. These pack-sets were modified aircraft A.S.V. sets used with a 
suitable aerial system. · They were very successful in providing low cover, 
giving ranges of up to 35 miles. 

At the termination of the hostilities in. Greece at the end of Apdl, the 
Germans did not give any respite to our forces , beginning an all-out attack on 
Crete before we had time to improve the defences there. On 14 May 1941 a 
message was received by the Mobile Radio Units warning them that a large­
scale attack on Crete was anticipated, including landings by enemy parachute 
troops, the probable date being 19 May.1 Very heavy bombing raids were 
being experienced in the areas of both Mobile Radio Units and the 1>lotting 
results of the stations were excellent but almost useless, because the A.A. 
fire was gradually being reduced to only a feeble response under heavy bombing 
and machine-gunning attacks arid our Fighter defences were practically 
negligible at that time. 

Troop-carrying aircraft and parachutists landed on 20 ·May and Maleme 
airfield fell to the enemy the following day. No. 252 M.R.U. site became an 
isolated outpost-augmented by a few Royal Air Force personnel, stragglers 
from Maleme airfield. No instructions were received from either Air Force 
or Military authorities and the R.D.F. station seems to have been very much 

· at1 orphan in a particularly v iolent storm. Fresh enemy landings were made 
nearby, so ·steps were taken to smash technical equipment and burn all 

· documents, but the blowing up of the receiver and transmitter vans was left 
until a. bombing attack would camouflage the explosions.2 This occurred in. 
a matter of hours:. a heavy air attack on the Station began by more than 
fifty enemy aircraft, m ainly Stukas with Me. 109 escort and high-level bombers. 
The bombing was extremely accurate, gun-posts and apparatus . were 
destroyed. The Officer Commanding, the Officer i/c Defence and one airman 
were wounded but the Administrative Officer managed to collect the remnants 
of the dispersed personnel and they took the road South towards Suya- the 
dust from the dive-bombing enabling them to escape under the protection of 
the dust-clouds. After ten days of privation they reached Sphakia. In view 
of their condition, instead of rejoining troops a further three hours' march 
away, they were taken off on board a destroyer on 29 May and transported to 
Alexandria. The unit had Jost sixteen personnel killed and missing, including 
the wounded Commanding Officer, who was subsequently reported as a 
prisoner of war. 

Meanwhile No. 220 M.R.U. at Heraklion were suffering a similar attack. 
The station was heavily dive-bombed and machine-gunned throughout 
20 May, and in the evening enemy paratroops wei:e dropped, entirely 
surrounding the compound.3 Operations ceased, all personnel stood-to on 
guard, and the documents and all technical apparatus except the W /T set 
were destroyed to avoid possible capture by surprise night attack. The 
following morning a W /T message was sent to the Royal Air Force FJ:eadquarters 
in Heraklion that the unit, which was located outside the defended area of 
the town, was attempting to rejoin t he main force inside the perimeter. 

En route, there were several skirmishes with the enemy in which German 
prisop.ers were captured and two of the unit's personnel were killed. Eventually 
the defended perimeter of Heraklion, which included the aerodrome and 

1 Nos. 220 and 252 A.M.E.S .. O.R.Bs., May 1941. 
2 No. 252 A.M.E.S., O.R.B., 20/21 May 1941. 
3 No. 220 A.M.E.S., O.R.B., 20 May 1941. 
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harbour, was reached. Here, the unit together with some Army stragglers, 
were heavily mortared tby our own defenders- no notice being taken of the 
uniform as the enemy were using British uniforms as weIL1 After a brief 
but uncomfortable time sandwiched between the enemy and our own fotces, 
they were allowed to enter the perimeter defences. Evacuation on H .M.T. 
" Orion " followed. This ship was heavily bombed and another eight of the 
R.D.F. personnel were killed. 

By the end of the operations in Crete the R.D.F. units had not only proved 
themselves technically, but their high morale had also demonstrated itself in 
their ability as fighting men in their own defence when pressed by the enemy. 
Nevertheless Greece and Crete clearly demonstrated certain principles:-

(a) That a single R.D.F. station very rarely produced sufficient results 
to justify its being there. The R.D.F. stations of that time were 
seldom satisfactory unless part of a system or chain of stations 
giving a complete pattern of early warning cover for ttie area 
concerned. The exception to this was later realised to be a 
specialist station whicb did not necessarily need to provide all-round 
cover and which was used by a specially trained Fighter Controller. 
Even then a warning system was often necessary as well. 

(b) That an observer corps was incapable of producing sufficient information 
for accurate interception, and that the time-lag on the information 
was such as to confuse other information unless it were all being 
filtered by skilled filterers. The outstanding value of an observer 
system was for identification. 

(c) That R.D.F. information was usually valueless unless supported by 
the full machinery of defence, namely, fighter aircraft, guns, 
searchlights, operations rooms and filter rooms. 

Western Deseri, December 1940-May 1941 
Concurrently ·with the operations in Greece and Crete there was considerable 

activity in the Western Desert. On 9 December a British offensive was 
launched from near Sidi Barrani in Egypt leading to a victorious advance 
against the Italian forces as far as Agedabia in Libya. 

R.D.F. was employed to give early warning of the approach of hostile aircraft, 
but because of the low degree of mobility which our equipment possessed at 
that time it was the practice never to depJoy R.D.F. units in very forward 
positions. Although all Mobile Radio Units were adequately briefed on the 
destruction of their equipment to prevent it from falling into enemy hands, 
unnecessary risks could not be taken.2 Security was not the only factor to 
consider in this respect ~ the marked .insufficiency of R.D.F-. apparatus within 
the Middle East Command at that time precluded the adoption of any policy 
which would unnecessarily jeopardise the equipment. 

The role of R .D.F. during these operations was to give cover to the lines 
of communication, dumping areas and coastal supply convoys. Immediately 
follo"."ing the path of the advance in December, Nos. 216 and 235 Mobile Radio 
Units were moved up from the R.D.F. Reserve at Abookir to Sollum and Sidi 
Omar (S.W. of Sollum) respectively.a As the advance of the ground forces 

10Narrator's interview with Flight Lieutenant J. N. K. Whitford, Commanding Officer of 
No. 220 A..M.E.S. 

~ Narrator's interview with Group Captain J. A. Tester, Chief Radio Officer, Headquarters, 
Middle East. 

3 Nos. 216 and 235 A.M.E.S., O.R.B., January 1941. 
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continued, so the Mobile Radio Units leap-frogged forward. By the end of 
January No. 235 M.R.U. was operational at Tobruk and No. 216 M.R.U. 
had moved forward to Acronia, some 20 miles west of Tobruk. This latter 
lJ!lit changed its site to Benghazi two weeks later. By this date, 1 l February 
1941, our ground forces had reached the limit of their advance. 

Tobruk and Benghazi were the main ports of the supply for our forces in 
Libya. Because of a dearth of transport suitable for desert operations, the 
sea route for supplies was extremely important. The enemy realised this and 
there· was considerable aerial activity over these two ports- particularly in 
the case of Benghazi, which was subjected to sustained enemy bombing attacks 
during March. The plotting of the Mobile Radio Units was satisfactory, 
within the limits of their equipment. Their information was passed to 
No. 258 Fighter Wing for advance warn~ng and interception purposes. 

During tbis period of our success in Libya, enemy raids were anticipated in 
the Delta area and it was expected that the .Suez Canal would be subjected to 
heavy bombing. The number of Mobile Radio Units available in the Middle 
East Command during the spring of 1941 was insufficient to• meet all 
commitments. No. 204 M.R.U., which was located at EI D'aba in the 
temporary coastal R.D.F. chain, was therefore moved back to Damietta to 
support the C.O. station at Ikingi Mariut and No. 219 M.R.U. at Port Said.1 

The R.D.F. policy at that time can be summarised as:-
(a) Early warning R.D.F. cover for the base area of the Delta and Suez 

against heavy bomber attacks. 
(b) The best R.D.F. cover possible for the forward areas, against fighter­

bomber and medium bomber attacks on our lines of communication 
and ports. 

The deficiencies in R.D.F. cover were between the forward areas in Libya and 
the base area of the Delta-due entirely to the shortage of sufficient Mobile 
Radio Units to cover the extended coastline. 

Before there was time to consolidate the ground gained in Libya and 
surmount the transport problems of our elongated lines of communication, 
the enemy counter-offensive commenced on 30 March 1941. The German 
Afr'ika Corps came into action for the fi.rst time in the desert and within four 
days we had to evacuate Benghazi and withdraw to Half.aya, just inside the 
Egyptian border, leaving forces in Tobruk. No. 2l6 M.R.U. appears to have 
been overlooked in the general retreat and withdrew when dangerously near 
being taken by surprise by the enemy. When the front was stabilised again 
at Halfaya, No. 216 M.R.U. became operational again at Mersa Matruh on 
22 April, plotting to No. 204 Group Operations Control.2 

In Tobruk, under a siege which subsequently lasted some rune months, 
.No. 235 M.R.U. remained behind to provide RD.F. early warning for the 
garrison. Its iunction became of much greater value than that of local cover, 
however, for i.n this location it was viewing across the enemy lines of communi­
cation and was thus able to report all enemy aircraft movements between 
theii: rear and forward areas. This information was passed in a simple code 
by W ff to our desert Fighter Wing Operatio'.TI$ Control. 

1 Headquarters, Middle East, Radio Branch, O.R.B. 
2 No. 216 A.M.E.S., O.R.B., A)?ril 1941. 
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Sh,'ategic Moves in the Middle Ea11t during the Summer of 1941 
By the end of May our positions in the Middle East appeared somewhat 

precarious. The enemy had overrun the Balkans and captured Crete, and we 
had been pushed back in the Western Desert. During the latter part of April 
trouble had broken out in Iraq, fermented by German agents, and action had 
to be taken with very weak forces to consolidate our flank. For some time 
too before the fall of Crete the question of Syria had occupied the attention of 
the Commanders-in-Chief, Middle East. So long as the Vichy French officials 
were in power in Syria there was a grave danger of the Germans establishing 
a ir bases there from wl1ich they could attack Palestine, the Suez Canal, the 
lines of communication and oil supplies from Iraq and Iran. Cyprus, between 
Syria and Crete, wcmld also be endangered if the enemy entered Syria ; nor 
could a German advance into Syria through Turkey be ruled ,out. 

The operations which followed to clear the flanks, against · Iraq (April/May) 
and Syria (June/July). and the occupation of Iran in conjunction with our 
Russian allies, did much to ease our position. From the point of view of 
R.D.F. early warning, however, some of these territories required adequate 
defences and thus further calls were made on the Middle East Command's 
slender resources of R.D.F. equipment- fortunately being steadily reinforced 
at this time from the United Kingdom. 

R.D.F. Position in Palestine 
There were three operational R.D.F. stations in Haifa by June 1941, No. 236 

Transportable Radio Unit at Mount Carmel and two C.0.L. stations for low 
c0ver, _ o. 503 C.0.L. at Stella Mari and No. 508 at Nesher.1 The T.R.U. at 
Mount Carmel was not giving complete satisfaction, due largely to lack of 
spares, and No. 503 C.O.L. was mainly preoccupied with the Filter Room which 
was located on its site. This was not a complete Filter Room, but a temporary 
affair acting ~ a buffer stage between the A.M.E. Stations and the Air Report 
Centre at Haifa from which severe leakage of information had from time to 
time occurred.2 

There was no overlapping of statiens so th at an that was necessary in the 
way of filtering was some smoothing out of tracks, a little co-ordination of 
information and mainly conceahneot of A.M.E.S. performance and limitations 
from the Air Report Centre. The greatest threat to A.M.E. Stations in Haifa 
came from " fifth column'' activities by people living in houses adjacent to 
the sites. 3 At that time the Filter Room was manned by a skeleton staff 
picked from R.D.F. officers and operators but when tbe second C.O.L. station 
became opei:ational and the C.O. station was installed, these men were to be 
withdrawn to carry on with their legitimate jobs. 

Haifa was eventually to become the contro1 for the whole of Palestine, and 
with the completion of the chain up the Palestine coast and the formation of 
a defensive triangle including Cyprus, Beirut and Haifa, the Filter Room would 
reach full performance and had therefore to be given establishment as such. 
With the removal of the " back door " threat from the Syrian frontier, C.0.L. 
No. 508 became unnecessary and its removal to the Suez Canal area was 
contemplated. The buildings, however, were left intact in case a reversion to 
former conditions became necessary. 

1 A.H .B./IIE/70. D.D. Ops. (Overseas) Folder, Encl. 88A. 
2 Air Ministry File S.50541, Encl. 4 A and 18>.. • J bid., Encl. 11 A . 
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R.D.F. Position io Cypi.:us 
The security of Syria, control of the Eastern Mediterranean, and the defence 

of the Egyptian Delta, Suez and Palestine from air attack were all intimately 
dependent upon the holding of Cyprus. The. original provision of R.D.F. cover 
on the island was by No. 218 Mobile Ra:dio Unit, which left Mombasa for 
Cyprus during April 1941. It was July before this station was operationaJ. 
plotting to the Fighter Operations Room at Nicosia from its site at Myrton..1 
By this time planning :included three M.R.U.s and three C.O.L. stations for the 
island as the minimum requirement for all-round cover. Aerndromes were 
either in existence or were under construction at Nicosia, Limassol, Larnaca 
and Paphos_, each with satellites, and a dry-weather landing ground existed 
near Famagusta.i H.Q. No. 259 Wing was at Nicosia, and the only port was 
Famagusta. These then were the targets to be covered, and since the direction 
of attack could not be anticipated under the existing conditions-and these 
might possibly change at any moment-there was no alternative but to 
complete all-round high and low R.D.F. cover. 

It was not until September 1941 that a second Mobile Unit, No. 255 M.R. U. , 
arrived in Cyprus. After setting up on the wrong site and reporting to the 
Fighter Operations Room at Nicosia, it was moved to the correct site during 
November.3 Unfortunately the R.D.F. receiver vehicle was completely gutted 
by fire just as the unit became operational again, so the station was out of 
action and it was four months before the unit began to take any active part 
in the defences of the island. 

R.D.F. for Syria, following the Campaign 
The only radio commitment in Syria, consequent on the Allied occupation 

o[ the country was the defence of Beirut. This was the main port and was to 
be defended eventually by a Fighter Sector there with full facilities . The 
airfields to be used were Ryak, Beirut itself, and possibly one or more satellites. 
A building had been selected on the edge of the town for Air Headquarters and 
an Operations Room. One M.R.U. and one C.O.L. station had been allocated 
but not yet sited. This provision was not of high priority and it was probable 
that the equipment would not be installed before November 1941.4 

In the meantime, guard was kept by H.M.S. " Coventry" and two G/L sets 
working in their proper capacity with the guns. A suggestion had been made 
in June 1941 to move C.O.L. No. 508 from Aden into Syria, but having suffered 
losses in the past, Headquarters, Middle East were loath to place any non-mobile 
station outside the areas of the Delta, Suez Canal and Palestine. 5 In tb.is 
respect every effort was being made to mobilise C.O.L. stations so that they 
could be used in other areas as well as M.R.U.s. There was still a great shortage 
of equipment and an even greater shortage of technical $laff as the installation 
programme was under way. It was stressed that the use of an A.M.E. Station 
solely as an a.ir raid warning was a great waste of valuable equipment . An 
A.M.E.S. system should , if possible, never exist without the whole machinery 
of fight.er defence behind it. This not only included aircraft but also Sector 
Operations Room , Groups, and all the incidentals such as good R/T for 
Fight~r Control. 

1 A.H .B./IIE/70, D .D. Ops. (Overseas) Folder. Encl. 88A. 
2 Air Ministry Fi le S.49984, Encl. 9A. 3 No. 255 A.M.E.S., 0. R.B., September 194 l. 
4 A.H.B. /IIE/70 , D.D. Ops. (Overseas) Folder, Encl. SSA. 
6 Air Ministry F ile S.50541/R.D.F., Encl. 18A. 
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Possible Requirement of R,D.F. for Turkey 
.Between the Allied positions in Syria and the enemy in Greece, neutral 

Turkey acted as a buffer. There was considerable diplomatic pressure from 
the German side on the Turks at that time and it was considered more than 
a possibility that the Germans would invade Turkey later in 1941, when their 
supply position in the Balkans would have improved. In the event of such 
a German invasion, Britain was pledged to go to the assistance of Turkey. 
While Turkey was still neutral, however, nothing could be done openly in the 
way of preparations for our forces to take part in her defence. Since R.D.F. 
ground stations would be necessary in event of a German attack on Turkey, 
it was decided that the terrain should be e.."Xamined covertly with a view to 
selecting the best possible sites for Mobile R adio Units. 

During April and May 1941 Flight Lieutenant S. N. Smith of the Directorate 
of Communications Development, an R.D.F. sit.ing expert, was attached to 
the British Embassy at Istanboul as a civilian.1 ·working under considerable 
difficulties, as the Turks suspected all foreigners, Flight Lieutenant Smith 
managed to cover all potentially-important regions of both European and 
Asiatic "Turkey and selected locations for Mobile Radio Units. Fortunately, 
the enemy did not attack Turkey, otherwise Headquarters, Middle East would 
have been in a bad position to supply the number of Mobile Radio Units 
required to give adequate R.D.F. cover to this large area. 

R,D.F. Provision for Iraq 
By the late summer of 194~ we had developed a large erection depot in 

Basrah to handle a high proportion of the American war output destined for 
the Middle East and Russia. Through this port also, the major part of the 
requirements of the land and air forces -in Iraq were to pass. In addition, the 
oil output from the Abadan area was vital to the ma.intenance of our Naval. 
Anny and Air Forces in the Middle East. The threat in this area was expected 
to come from a German drive through Northern Iraq and Syria or I ran. The 
original survey of Iraq had been carried out while the military situation was 
still troublesome and a complete land survey was not possible. An aerial 
reconnaissance was carried out and land parties visited Basrah, Shaibah, 
Baghdad and Habbaniya.2 Later, in August 1941 1 a complete survey was 
made possible and it was decided that cover against high and low-flying attacks 
could be obtained by placing one M.R.U. at Sha.ibah, and one M.R.U. with 
two C,O.L. stations on the banks of the Shatt-el-Arab, thus affording warning 
for Shaibah and Basrah up to the maximum range of the M.R.U.s, with the 
C.O.L. stations providing fairly g0od range-cutting for accurate positioning in 
the event of interception being carried out. The Shatt-el-Arab area would 
be covered then from high and low-flying attacks, including the dropping of 
mines. To receive the R.D.F. information, an Operations Room was to be 
f9rmed at Basrah or Shaibah but no H.F. D/F stations were to be available for 
Iraq for four to six months, so once again it looked as though R..D.F. would 
be used simply as an air-raid warning. 

The stations on the banks of the Shatt-el-Arab were to be built on brick 
mqunds to .keep clear of the swamps. There was no telephone equipment 
available, and working _conditions were expected to be ,extremely difficult-but 

1 Narrator's interview witb Flight Lieutenant S. N. Smith of D.C.D., tvI.A.P. 
2 AiI- Ministry File S.49983, Encl. 11 A. 
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in the words of the Chief of Air Staff, " Inconvenience must be disregarded ".1 

Before the rain season came, the Air Officer Commanding-in-Chief, Iraq, 
pointed out that these units were liable to become isolated by t he fl.oods and 
requested that they should be resited. A suggestion was made that the men 
might live in barges and be provisioned by water. Eventually No. 25 M.R.U ., 
which had been sited at Banadir on its arrival from India durmg October 1941, 
had to be moved and was temporari ly located at Shaibah, where o. 264 M.R.U. 
h,1.d just arrived d uring October 1941. 

Proposals for R.D.F. Cover in h-ao 

After the occupation of Iran, by Allied forces, the possible directions from 
which light-scale attacks by· long-range enemy aircraft were most likely to 
come were either from Crete, Rhodes or Greece, or from the north of Iran, 
following a German break-through on the R uss ian Caucasus front. Although 
air attack on Iran was a dlfficult proposition for the enemy, the potential 
targets were of great importance to the Allies- being principally the Anglo­
Iranian Oil Company' oil-fields, refineries, and pumping stations, and t he 
ports and shipping in the Persian Gulf. 

Though Tran is much nearer to India than to Headquarters, Middle East, the 
latter.was made responsible for the survey and provision of R.D.F. cover for 
the oil-fields. Th is responsibiHty was communicated to Headquarters, Middle 
East, in a Chiefs of Staff signal. 2 The area covered approximately 9,000 square 
miles. Fortunately the potential targets divided into t hree regions, namely, 
.the refineries at Abadan in the south-west, the oil-fields in the north, and the 
Persian Gulf up to the Oman peninsula. The employment of three M.R.U.s 
to give early warning in these areas was envisaged, but the units could not be 
provided from Middl e East resources during lf)41 in view of the more urgent 
requirements in Egypt.3 

Attempts to deYe]op satisfactory R.D.F. Cover for Aden 

It will be recalled that developments were proceeding very slowly at Aden 
in the provision of adequate R.D.F. cover. One Mobile R adio Unit and two 
C.O.L. stations planned for Aden had arrived at Headquarters, Middle East, 
on 2l October 1940. Air Headquarters, Aden did not agree to the sites 
selected for these stations and approved by Air Ministry, and :much corre­
spondence followed on this subject.t. Meanwhile, Headquarters, Middle East, 
as the R.A .F. Command responsible for Aden, s nt the MobjJe Radio Unit to 
Greece instead. The d ispute on the sites for the C.O.L. stations continued. 

Although it would be out of context and beyond the scope of this chapter 
to embark at this juncture on a full descr,iption of the many delays which 
Occum;d at Aden, there ar~ many lessons to be learned from th se detaiJs. 5 

Some of the factors which contributed to this failure to provide satisfactory 
R.D.F. early warning wi.;:hin a reasonable period of time were:-

(a) The remoteness of the super ior Royal Air Force Command. Head­
quarters, Middle East, were approximately 1,500 m iles from Ad n. 

(b) The very difficult nature of the terrain at Aden precluded perfect 
R.D.F. siting. 

1 Air i'ilinistry File S.50124 , Encls , 2A and 4A, 
2 Air Ministry File S.49984 , Encl. l3A . 3 lb-id., Encl . 20A. 
• Air Ministry File M.S.50530/R, Encl!;, l6A and 23A. 
• Narrator's o mment. An appreciation of the attempts to provide :R.D.F. cover for 

Aden is given in Append ix No. 13. Map :No. 5 also refers. 
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(c) Climatic difficulties, chiefly excessive humidity and the consequent 
super-refraction, prevented C.O.L. stations and personnel from 
functioning near to their normal standards. 

(d) By far the most important factor was the failure of higher authority 
to appoint a well-informed technical officer at Aden with power to 
act according to local conditions. The triangular correspondence 
between Air Ministry, Air Headquarters, Middle East, and Air 
Headquarters, Aden, caused much delay and lacked decisiveness. 

Build-Up of R.D.F. Equipment in the Middle East, May-November 1941 
Throughout 1941 the supply of R.D.F. equipment to the Middle East steadily 

increased. At the same time the defence commitments within the Command 
had also increased, so there was still a serious lag between demand and supply. 
This position was appreciated at Airr Ministry and a decision was taken during 
May 1941 that the highest possible order of ptiority should be accorded to the 
shipment of R.D.F. equipment to the Middle East,1 It is hard to appreciate that 
by the autumn of 1941 there were already forty-five RD.F. units operational in 
tbe Middle East.2 Constant references to the shortage of equipment and the 
huge area over which the Mobile Radio Units were deployed tend to give the 
false impression that the R.D.F. effort within tbe Command was inadequate. 
Actually excelJent progress was being made, and the home output of R.D.F. 
units for the Middle East was really large at that time--some fifty more A.M.E. 
stations were already in transit or awaiting despatch to the Middle East.3 

For the Delta night defences the G.C.I. equipment which had been allocated 
was urgently awaited. The authorities at home were fully aware of tbis 
requirement. In a draft minute to the Prime Minister, the Vice-Chief of the 
Air Staff intimated that th(ee G.C.I. sets were to arrive in the Middle East 
by mid-September.~ In addition, improved R.D.F. equipment for height­
finding was being prepared and shipped as early as possible, as the height­
finding apparatus on the existing R.D.F. stations in the Middle East was not 
fully satisfactory. From the point of view of successful interceptions ofbostile 
aircraft, accurate height-finding was even more essential than really accurate 
positioning, so the new equipment was expected to produce a big improvement 
in our defences. 

Improvements in R.D.F. Cover in Egypt 

Re-organisation of Filter Roorns in the Middle East 
Several attempts had been made to improve the value of the available 

R.D.F. information by establishing . an adequate Filter Room organisation in 
Egypt. It will be recalled that the first filtering of R.D.F. information had 
been attempted at Headquarters, No. 256 Wing at Mex, Alexandria, but this 
had been little more than an information centre, formed (as a result of a general 
conference) as the place at which W /T plotting from the R .D.F. stations was 
to be r-eceived. 6 At :first the filter organisation worked in temporary quarters 
jn the Air Defence Centre. The Filter Room there. had too large a roof span 

1 Inter-Servite Committee on R.D.F., Minutes of 21st Meeting, item 7, para .. (a). 
· • Appendix o. 14 gives the locations of all R.D.F . stations in the Mi.ddle East, Novem.ber 

1941. 
~ The A.M.E . stations in transit or awaiting despatch from the United Kingdom in 

November 1941 are listed in Appendix No. 14. 
• Chief of Air Staff Folder 719. • No. 256 Wiog, O.R.B. , 22 · 1 fay 1940. 

178 



t~ enable it to be cove.red with any fo.rrn of protection-leading to some trouble 
with the Egyptian operators who objected to . the lack of safe accommodation 
in this temporary building. However, by the end of January 1941 a special 
annexe to the buildings had been constructed and fitted ,as a complete Filter 
Room. 

During January, too, a filter organisation was developed at No. 250 Wing 
at Ismailia for the defence of the Suez Canal.1 The two Filter Rooms at Nos. 250 
and 256 Wings functioned separately though only 130 miles apart because of 
the bad communications, No. 250 Wing being concerned with the Fighter 
defence of the Suez and No. 256 Wing the defence of the Delta (later handed 
,over to No. 252 Wing). The efficiency of the Filter Room crews was low 
during the early part of 1941- due largely to the lack of training. However, 
the arrival of Senior Filter Officers improved the orgapisation considerably ; 
a Filter Scho.ol was started,. regular practice exercis::s were introduced, and 
morale and discipline gradually became better. 

Operat·ions Room Fighter Conflrol Officers 
RD.F. information is of most value if the Sector ControJlen, are really 

experienced in its use. The only experienced Operations Room Officers at 
that time were in the United Kingdom, so a demand was made in May 1941 
to Fighter Command for twenty Sector Controllers to be sent to the Middle 
East befoi:-e the end of the month .2 This crune as a great shock to Fighter 
Command, already some forty-seven Controllers short on their own establish­
ment1 with t he prospect that when the home G.C.I. " carpet " developed fully 
they would be approximately one-hundred Contro1lers short. Fighter 
Command were anxious to do all they could , however, for the overseas 
commitments and arrangements were mad to supply nine Sector Control 
Officers for the Delta area and four Wing Controllers needed for the Western 
Desert. 

Extended Egyptian Chain of R.D.F. Station.~ 
· By November some twenty-Jive R.D.F. stations were in operation in Egypt 
giving R.D.F. cover against high-flying hostile aircraft.3 The coastal chain was 
fairly satisfactory, but the Suez Canal defences were still in an extremely embryo 
state-the low cover for the canal area being negligible.4 The chief difficulty 
here was that of suitable locations for C.O.L. stations. The terrain was really 
difficult for R.D.F. early warning of an adequate nature and this gave 
considerable worry. No real solution was forthcoming, though the Command 
Chief Radio Officer gave much attention to this matter. 5 :Even a most lavish 
scale of deployment of R.D.F. equipment jn the Suez Canal area failed to 
overcome the difficulties of the terrain. Why the Germans never put -in a 
serious attack with a large heavy bomber force remains a mystery: only 
eight attacks were experienced, though at times there was a mass of valuable 
shipping as a target-as instanced -when the '' Queen Mary," " Queen 
Elizabeth," the " Georgie" and many others were all in the Suez roads 
together, -yet only the" Georgie" was damaged in a light attack. 

i Headquarters, Middle East, O.R.B. , 5 January 194 L 
2 A,HJ3./IIE/70, D.D. Ops. (Overseas) Folder, Encl. 79B. 
3 The locations of these stations are given in Append.ix No. 14 . 
• Air Ministry File S.4422, Encl. Gu. 
~ Nartator's interview with Group Captain J. A. Tester, Chief Radio Officer, Headquarters, 

Middle East. 
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As a means of improving the R.D.F. information available from individual 
R.D.F. stations, in England it had been found necessary to introduce Officer 
Supervisors on every watch at C.H. stations. Their supervision and the 
increase in efficiency of the radio operators under them due to their constant 
operational training had been most effective.1 It was becoming apparent 
that s_imilar provision must be made for the Middle East . A number of Radio 
Operators were therefore trained as Supervisors at home, posted to the Middle 
East and used as Supervisbr-Instructors on R.D.F. stations in Egypt as required 
by the Chief Radio Officer, du1ing the latter part of 1941. 

By November 1941 the R.D.F. system had been .improvec;l considerably 
throughout each link in the system. Thennmber of stations had been increased, 
the efficiency of the individual stations improved, the filter organisation 
developed, and Controllers experienced in the use of R.D.F. information were 
in charge of base area Sectors and desert Wings. 

The " Crusader " Operations in the Western Desert11 

Preparations.-The development of the defensive R.D.F. cover for the 
Delta and Suez regions was not allowed to take priority over R.D.F. require­
ments for the ultimate military major project of operations in the Western 
Desert. By Nov-ember 1941, three R.D.F, pack-sets, suitable for mule or 
camel transport in the absence of motor transport, had been made up from 
aircraft A.S.V. sets, and a further five were nearing completion. These sets 
had been so successful in the operations in Crete that considerable attention 
was devoted to thei( pcoduction for desert operations. This had repe,rcussions 
on the progress made in increasing the mobility of other types of R.D.F. 
equipment.3 Only one C.O.L. station was produced in mobi le form during 
the period June-November 1941 : this was No. 510 C.O.L. Unit. 

The R.D ,F. pack-sets operated by Nos. 610 and 602 A.M.E.S. were sent 
forward to give R.D.F. cover to advanced landing grounds.~ As this was an 
innovation untried in previous desert operations, a wireless obse.rver screen, 
also reporting back to Wing Operations, was thrown round the Advanced 
Landing Ground Area. The Air Officer Commanding, Air Headquarters, 
Western Desert, was notified that the portable_ R.D.F. sets provided might be 
of little use and that it was clearly better to make all plans assuming no R.D.F. 
cover jo the forward desert area. 6 

It will be recalled that there were three Mobile Radio Units located on the 
coast, situated at ;- 6 

(a) Mersa Matruh (No. 216 A.M.E.S.).-This R.D.F. station covered the 
fighter base area, the important dumping area at Charing Cross and 
Matruh itself. 

1 Air Ministry File S.44501, Encl. 202i>. . . 
2 ' ' Crusader" was the code name given to operations in the Western J?esert from 

18 November 1941-20 January 1942. Its aim was to destroy the enemy's armoured forces 
in Cyrenaica and thus pave the way fo r an invasion ot Tripolitartia . 

. • Narrator's interview with Group Captain J. A. Tester, Chief Radio Officer. Headquarters, 
Middle East, 

'A.H .B. /JlJ6/7/3 , " Notes on Fighter Wing Organisation and Coutrol-Crusader 
Operations," 17 January 1942, p. 6. 

s Headquarters. Middle East Radio Branch 0. R.B. , 5 November 194 l. 
6 A.H .B./IlJl/12, R.A.F. Middle East Ops. Records, " R.A.F . Operations in the Western 

Desert and E;;i,stem Mediterrauean, November 1941 - May 1942," and· Headquarters, 
Middle East, Radio Brauch, O.R.B .• 14 September 1941 , 
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(b) Sidi Barrani (No. 263 A.M.E.S.).-No. 263 A.M.E.S. , located here, 
had evacuated the site on 14 September 1941 under enemy pressure 
but became operational again some ten days later on the same site. 
It gave good R.D.F. cover to the forward area where our troops 
were disposed, and behind which forward dumps were being built. 

(c) T obruk (No. 235 A.M.E.S.).-This R.D.F. station was in a unique 
position across the enemy's lines of communication and was able 
to report by W ff the movements of enemy aircraft far behind the 
German lines. 

These stations were reporting to No. 258 and No. 262 Fighter Wings, and t o 
nearby Army Gun O_{)erations Rooms. Immediately prior to "Crusader., 
campaign these R.D.F. units had effectively pin-pointed all enemy advanced 
landing grounds by observations on enemy aircraft movement and their 
disappearances on landing.1 -

Before the "Crusader" operations commenced it was tbougbt that t he 
R.D.F. contribution could only be effective in providing protection to our 
lines of communication and dumping areas-chiefly from the enemy aircraft 
operating from airfields in Crete. 2 

R.D.F. during the " CnJSader ,, Operation 

The ground offensive began at dawn on 18 November 1941 and was very 
successful at first. Some anxious days were spent prior to the raising of the 
,siege of Tobrnk on 9 December, during the enemy's armoured counter-attack 
which caused temporary disorganisation behind our fluid front. Eventually 
the enemy armour retreated and Benghazi was recaptured on 24 December. 
The" Crusader" offensive ended some 150 miles beyond Benghazi, at El Agheila, 
on 20 January 1942. 

As our troops cleared the coastal ports of Cyrenaica, Mobile Radio Units 
were moved forward to give R.D.F. cover. No. 263 M.R.U. was moved from 
Sidi Barrani to Derna on Christmas Day, 1941 .3 Some idea of the lack of real 

· mobility in the Mobile Radio Units for the war of rapid movement in the 
desert may be gained from the fact that this unit was not operational at Derna 
until 13 January 1942-eighteen days to dismantle th~ station, move 
250 miles and set up again, though the move was carried out quite efficiently. 

No. 220 M,R.U. moved up about the same time from tneir location at Abu 
Haggag, east of Mersa Matruh, to Benghazi.4 Thus in January 1942 there 
was R.D.F. cover at Mersah Matruh, Sollum , Tobruk, Derna and Benghazi, 
so that the Cyrenaican and Libyan Desert coast-lines were provided with early 
warning and our lines of communication were reasonably covered. Of these 
locations, Benghazi and Tobruk were the most important as supply ports . 
. In .addition, for the first t ime in Western Desert operations, low R.D.F . cover 
became available. Nos. 516 and 520 C.O.L. Un its had recently arrived from 
England and were set op at Mersa Matruh and Tobruk respectively_ 5 

The plotting of the Mobile Radio Units was of a good standard but the use 
,to which the available information was put was at times most discouraging. 
According to a r eport by the Chief Radio Officer, this was having an adverse 

1 No. 263 A.M.E.S. , O.R.B .. 14 October 1941. 
~ A.H.B ./IIJ6/7/3-Cnisader Ops. 
3 No. 263 A.M.E.S., 0.R.B., December 194 I. 
• No. 220 A.M.E.S., O.R.B., January 1942. 
E Headquarters, Middle East, Radio Branch Appendices. 

181 
u 



effect on the morale of the R.D.F, operating personnel who realised .that few 
interceptions were attempted as a result of tneir efforts.1 The Fighter Wing 
-Operations Controllers at this time were mostly untrained in the use of R.D.F. 
information. Every effort was made to simplify the R.D.F. information 
before presenting it to the Controller and to standardise rather than minimise 
the timelag which occurred during the plotting of tracks. For this reason, 
where two R.D.F. stations existed in one area, an effort was made to weld 
them together as an information unit; thus information from a C.O.L. station 
was passed to the nearby M.R.U. where an elementary filtermg process was 
carried out to present the finished article in the way of a track to the Controller. 

Meanwhile, in the Western Desert itself in the region of our advanced landing 
grounds, the two portable A.S.V. sets being operated by Nos. 601 . and 602 
A.M.E.S. were not a success.2 The ranges obtained were inadequate for 
satisfactory early warning and the sets were returned as being useless during 
December 1941. Ori investigation however it was found they had been 
operating on flat sites in the desert and obviously no adequate ranges could 
be expected u1tder these conditions. It was decided to check the performance 
of the sets themselves, so tJley were resited with t he M-.R.U. at Mersa Matruh 
-where they produced ranges of 30 and 40 miles on aircraft of unknown height 
and an aircraft flying at only 500 feet was observed up to 20 miles range. 
These results proved there was nothing wrong with the equipment if properly 
sited. 

To replace A.S.V. sets, No. 510 C.O.L. station was moved forward during 
December l 941. It will be remembered that this C.O.L. unit had been made 
fully mobile during the previous preparatory period for operations in the 
Western Desert . It was used well forward to try it out in co-operation with our 
fighter aircraft. Advanced area commanders were impressed with i ts perfor­
mance. It had very quickly two "flamers" to its credit in addition to the 
provision of satisfactory early warning.3 The results obtained initially with 
No. 510 • C.O.L. station were so good that in January the Command R adio 
Officer, Wing Commander J. A. Tester, took command of the station personaJly 
with the intention of controlling fighter aircraft directly from the site of the 
C.O.L. station.~ No. 522 C.O.L. Unit took over from No. 510 C.O.L. Unit 
at Benghazi and the latter station was pushed forward to a site just behind the 
limit of the advance of our ground forces at El Agheila. Before R.D.F.-controlled 
fighter operations were possible, evacuation orders were received. A German 
attack was anticipated. Premature evacuation orders were received by 
No. 510 C.O.L. station (being given and rescinded several times) but on the 
21 January 1942 the anticipated German attack commenced. 

The Royal Air Force had supremacy in the air over the front at this time, 
and morale was very high. The weight of the German armoured attack was 
however so great that our ground forces could not hold the enemy-there was 
no alternative but to withdraw. 

The Retreat to Gazala- R.D.F. Unit Movements (21 January- U February 1942) 
.The r apidity with which t he enemy had re-organised and launched their 

counter-offensive was surprisirtg. As a result, the withdrawal of the R.D.F 
units was somewhat chaotic. No. 510 C.O.L. Unit was ordered back to l\ifsus 

1 Headquarters,.Middle East, Radio Branch Appendices, Appendix" A," 1 February 1942. 
2 Headquarters,. Middle East, File S.50503/220/R.D.F., Encl . 89A. 
3 H eadquarters, Middle East, Radio Branch O.,R.B., December 1941 . 
' No, 510 A.M.E.S., 0.R.B., December 1941-January 1942. 
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on 21 January, but in view of petrol shortage and unserviceable transport the 
unit took the shorter route to Benghazi. On arrival at No. 522 C.O.L. site, 
the two Commanding Officers of these R.D.F. units attended a conference at 
the local Army Headquarters, where they were warued that the Army could 
offer them no special support in the event of an evacuation.1 

No. 522 C.O.L. Unit received orders to move eastwards immediately towards 
Tobruk on 24 January and joined No. 263 M.R.U. at Derna the following day, 
having to bum their receiver mast which was beyond repair as a result of the 
.rough journey. Meanwhile No. 510 C.O.L. Unit also received orders to evacuate 
from Benghazi but was stopped on the road and told to return-only to find 
-its former site ablaze. Several hours later a further order came to retreat to 
Gazala and the convoy set off, towing the receiver vebicle. After many miles 
were covered, one more attempt was made to return to Benghazi. By tbis time 
the German break-through was well advanced and the unit was turned back, 
eventually reaching Gazala ·on 29 January, and becoming operational the 
following day. 

When the two C.O.L. stations left Benghazi, No. 220 M.R.U. was still there, 
unserviceable as it had previously lost its transmitter and receiver aerial towers 
in a violent storm. Receiving evacuation orders late on 24 January, the unit 
-was on the road in one and half hours-only to meet No. 510 C.O.L. on its way 
back to Benghazi.2 No. 220 M.R.U. was also ordered back to their site at 
Benghazi , but after half an hour there, the unit was instructed to move again. 

At Derna, No. 263 M.R.U. had a similar but more prolonged experience. 
From 24- 29 January, the personnel spent most of their time dismantling and 
re-erecting their statioJL Contradictory signals were received, some favouring 
a move forward ; others a retreat to Tobruk. To quote the Officer Commanding 
this unit "At thjs time orders to advance and retreat were coming so fast the 
A.M.E. stations were passing each other in opposite directions on the road. "3 

It was a very surprised No. 510 C.O.L. Unit advancing on Benghazi that met 
No. 263 M.R.U. retreating to El Adem. Fortunately, the Chief Radio Officer 
of H.Q., R.A.F., M.E., was right forward at that time and hurried back to 
Benghazi and then to Dema, evacuating the units which were still there and 
turning back other units moving the wrong way. 

Eventually all the units reached their retired positions safely despite the 
confusion. No. 522 C.O.L. departed from Derna and, after a refit at the Radio 
Installation and Maintenance Unit, were sent to El Dhaba to give low R.D.F. 
cover over the Delta area as a warning against sea landings which might be 
carried out by the Axis forces. The locations of the R.D.F. units employed in 
desert operations, after the retreat of the grow1d forces to Gazala, were :-

No. 220 M.R.U. Abu Haggag. 
No. 235 M.R.U. Tobruk. 
No. 257 M.R.U. El Dhaba. 
No. 263 M.R.U. ,El Adem. 
No. 510 C.O.L. Gazala. 
No. 516 C.O.L. Mersa Mat,ruh. 
No. 520 C.O.L. Tobruk. 
No. 522 C.O.L. El Dhaba. 

1 Nos. 510 and 522 A.M.E .S., O.R.B.s , January 1942. 
• No. 220 A.M.E.S. , O.R.B., January 1942. 
3 No. 263 A.M.E.S., O.R.B. . January 194.2. 
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First Successful :Mobile R.l).F. Day.Fighter Control Post 
On 2 February No. 510 A.M.E.S., the mobile C.O.L. station, was moved back , 

from Gazala to Gambut, a position between Tobruk and Bardia, giving cover 
to our airfields in the El Adem area. Some four days later, before the line had 
stabilised fully in front of Gazala, the unit was moved forward again to near 
Gazala, in advance of our most forward airfields. Four armoured cars and a 
detachment of Boiors guns were provided for the station's defence in this 
exposed position.1 The location proved extremely favourable ; looking across 
the Gulf of Bomba at the main enemy airfields around Derna. The C.O.L. 
station was able to call our fighter aircraft directly through nearby forward 
Operations R/T vehicles. On 14 February a directly controlled operation was 
arranged against enemy aircraft attacking our front line positions and twenty 
enemy aircraft were shot down. During the first week of operations under this 
R.D.F. Forward Control sixty-four enemy aircraft were claimed as destroyed 
for the loss of only four of ours. 

One factor which corttributed to the success of these operations was that a 
reasonably accurate method of estimating heights had· been devised from 
theoretical considerations by one of the unit's own operators. This was very 
successful and led to satisfactory flying heights being given to our pilots before 
the interceptions were attempted- a very big advantage in air :fighting.2 The 
Germans were completely surprised and did not realise we were using R.D.F. 
for direct ground control. :Knowing from their losses that we had some new 
and effective form of control, they attempted unavailingly to weaken it by 
jamming ground-to-air R/T communications. 

This was the first successful use of forward R.D.F. control of day fighter 
aircraft in support of ground forces, a method which, subsequently played a big 
part in the operation of fighter aircraft during the remainder of the War, and 
the forerunner of the more efficient Forward Fighter Director Posts used later 
in Italy and the North-West European operations. 

First Use of G.C.I. Equipment in the Western Desert 
Towards the end of 1941 the G.C,I. equipment planned for the Middle East 

Command began to arrive as complete units from the United Kingdom. 
Although the firs-t of these units were naturally allocated to the more important 
task of the night defence of the D elta and Suez Zones, one G.C.l. unit, No. 833 
A.M.E.S., was moved into the Western Desert on 21 February 1942.3 It was 
the intention not only to provide the ground control of interception at night 
\;>ut also to exploit to the full the possibilities of day interc~ption of the enemy 
under this R.D.F. control. At that time such a control appeared likely to be of 
great use both by day and night in intercepting the many Axis raids on Tobruk 
and Gambut. 4 

The unit was sited some fifty miles behind the front line at a location East 
of Tobruk in the El Adem area, where our important fighter airfields were 
situated. There was considerable delay before the G.C. I. station was functioning, 
due largely to the tardiness with which aircraft were provided for calibration 
flights. 1t was six weeks aiter arrival on site before the unit was fully 
operatiooal. 5 

1 l o. 510 A.M.E.S., O.R.B., Febmary 1942. 
• Nan<a.tor's interview with Group Captain J. A. Tester, Chid Radio Officer, Headquarters, 

Middle East. s No. 833 A.M. E .S., O.R.B., 19 February 1942. 
4 Ibid. , 5 April 1942. • lbid., 13 April 1942. 
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The results obtained were disappointing during the two months in which • 
this ground control was used. Many interceptions were attempted but the 
number of '' kills'' was negligible. The technical equipment worked well so 
it is difficult to account for the lack of success. Although the Jack of experience 
of boti1 pilots and controllers probably had some effect, a major cause of 
inefficiency, which could have been avoided, was the radio operators them­
selves.1 The majority of the operators sent out with this unit had no experience 
on G.C.T. When the unit had arrived in the Middle East from the United 
Kingdom it had been absorbed in the R.D.F. reserve pool. On re-posting from 
the pool to the Western Desert , an entirely new set of Radio Operators and 
Mechanics, very few of whom had ever seen G.C.I. -apparatus, were placed on 
the strength of this unit. 

A second G.C.I. unit, No. 845 A.M.E.S., was brought up as far as Abu Haggag, 
but the absence of night fighter aircraft in this area for most of the period of 
operations rendered its presence almost useless. Hostile aircraft appeared with 
great regularity, almost nightly whether or not there was a moon, and many 
opportunities of night interception were lost.2 T hjs first deployment of G.C.I. 
units in the Western Desert was far from impressive. In view of the efficiency 
of the technical equipment, this must be interpreted as being due to faulty 
organjsation. 

Reorganisation of Responsibility for R.D.F. Matters in the Middle East Command 
Since October 1940 R.D.F. had been constituted as a separate Branch from 

Signals in the Middle East. This was contrary to Air Ministry policy in 1941, 
so Air Marshal Tedder, Air Officer Commanding, Headquarters, M-iddle East, 
gave instructions in December 1941 that R.D.F. should be brought undeJ," the 
control of the Command Chief Signals Officer. 3 This merging of the two 
Branches took place gradually during the spring of 1942, hence there was no 
lack of continuity in the development of R.D.F. facilities within the Command. 

Under this re-establishment there was an interchange of information between 
Signals and Radio Officers in the Cairo area by means of lectures and friendly 
discussions. Radio Staffs were established at the Headquarters of subordinate 
Commands, and every effort was made to encourage Signals Officers to become 
conversant with R.D.F. work and Radio Officers to acquire a knowledge of 
Royal Air Force Signals procedure and practice.4 By this merging of R.D.F. 
into the Signals Branch it was felt that a more competent entity was being 
produced than the fonner method with each Branch working separately. 

Malta and the Battle for Supplies 

yYith the stabilisation of our lines at Gazala, there was a lull in ai::tive ground 
operations though tbere was considerable aerial activity. Both sides were 
engrossed in t he building up of supplies in the Western Desert in order to resume 
the offensive. From the German point . of view, supremacy in the Central 
Mediterranean wa-s essential for the safety of theit: supply convoys. Malta was 
our base for offensive action against enemy shipping in this region and had also 
been used successfully as a base for our bombers operating against the Axis 

1 No. 833 A.,M.E.S., O.R.B., 14 Apri1 1942. 2 No. 845 A.M.E.S., O.R.B., May 1942. 
3 Air Ministry File M.S.50124, Eucl. 9B. 
'Headquarters, MiddJe East, O.R.B., Signals Appendices. 
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principal supply ports of Naples and Tripoli. It was therefore to be expected 
that the enemy would again attempt to neutralise this serious threat to the 
striking power of their forces in Libya. 

During December 1941 the Germans transferred a large force of some 
400 aircraft to Sicily, under the command of Field Marshal Kesselring, consisting 
largely of units formerly engaged on the Russian front. Towards the end of 
December enemy raids of increasing intensity commenced on the Island, 
evidently intended to neutralise it as an air and naval base by destroying all 
essential installations.1 These attacks reached their peak iJ1 April 1942, 
attaining a weight far greater than anything the Island had ever previously 
experienced. In addition, the enemy sea and air blockade of the approaches to 
Malta was so effective that it was impossible for our supply convoys to reach 
the Island. It was virtually cut off, except for meagre air and submarine 
supplies, throughout this period. 

R.D.F. du.ting the Siege of Malta (January-May 1942) 
It had been the aim of Air Ministry to build up Malta's R.D.F. stations to 

give complete cover round the coastline and also over the Island itself by 
means of a G.C.I. station. At this time R.D.F. cover was provided by :-2 

Type of Station 
C.O. station .. 

No. 501 C.O.L. 
No. 502 C.O.L. 
No. 504 C.O.L. 
No. 314 T.R.U. 

No. 841 G.C.I. 

Location 
Fort Dingli 

Remarks 
Formed from No. 242 M.R.U-

with new M.B.2 Trans­
mitter and R .F.7 Receiver. 
Old mobile equipment used 
as standby. Now consti­
tuted an Advance C.O. 
station. 

Fort Ta Silch - -1 These three C.O.L. stations 
Fort Magdalena . . ?- were giving all-round low 
Fort Dingli .. J cover. 
Kaura Point Used in conjunchon with the 

C.O. station. 
Gudia 

Notes .-(a) A fourth C.O.L. station, No. 521 C.O.L., was located on the 
island of Gozo, north-west of Malta. fostallation work progressed during 
this period but the unif was recalled to Malta on 29 April 1942 on the eve of 
becoming operational, it having been decided that Gozo could not be adequately 
defended. 

(b) No. 241 M.R.U., which had been operational with No. 242 M.R,U. at 
Fort Dingli, had its personnel merged with the latter unit operating the C.O. 
;;tation for a time.3 Eventually a site was selected for No. 241 M.R.U. at 
Gbar Lapsi giving cover to the south and west approaches to Malta against 
possible raids from Tripolitania. The work of installation was hampered by 
enemy raids .so that the station did not become operational until May 1942. 

1 Headquarters, Mediterranean O.R.B., Appendix '' A," Extract from Air Ministry 
Weekly Intelligence Summary No. 158, para . I 26. 

2 These locations were obtained from the O.R.B.s oi relevant R.D.F. Units. 
3 Nos. 241 and 242 A.M.E.S.,.O.R.B. 

186 



Theoretically one C.O. station and three C.O.L. stations were sufficient to 
give adequate high and low R.D.F . cover, all reporting to the Filter Room at 
Valetta. In practice, due largely to the lack of ideal sites, the R.D.F. cover 
was not perfect. The addition of No. 31'4 T.R.U. had provided a useful asset 
in arranging day-fighter interceptions. as ,the C.O. station could keep t rack on 
our fighter aircraft while the T.R.U. concentrated on the hostile tracks. 

When the enemy a ircraft took off from Sicilian airfields and climbed to 
their operational height before setting course for Malta, the R.D.F. early 
warning given by the stations was exceUent.1 There was ample time to 
''scramble " our fighter aircraft for interceptions to be made. The enemy 
.soon developed the tactics they had used frotn France against E ngland, of 
taking off and climbing to their operational height en route. Since the distance 
of Malta from their Sicilian bases was only a little over sixty miles, by the time 
the enemy aircraft were ob~erved by R.D.F. the warning was too short to 
enable our defending fighters to reach t heir opera tional height for successful 
interceptions. 

By February 1942 under the increasing scale of enemy attacks against our 
airfields, our shortage of fighter aircraft, spare parts. and civilian labour for 
emergency repairs, proper use of the available R.D.F. information for inter­
ception purposes could not be carried out. In effect, the R.D.F. system was 
little more than a long-ra.nge air r aid warning system. 

The Gennans adopted a system of standing fighter patrols over the Island. 
These were assisted by the installation of highly efficient enemy R.D.F. in 
Sicily. The latter passed movements of our fighter aircraft to their patrols, 
which were then able to swoop down on our outnumbered defending aircraft, 
who were at a great disadvantage against these surprise tactics.2 

After the experience in Crete, a sea and airborne invasion of Malta could 
not be ruled out during the period of t he siege. During 1941 the C.O.L. stations 
had kept a watch on all shipping and in July of that year No. 504 had given 
warning of an attack by twenty Italian E-boats on the Grand Harbour. As a 

· result of the station's plots the element of surprise was lost to the enemy and 
the coastal defences destroyed practically the entire attacking force.3 This 
shipping watch was maintained throughout t he months of siege. 

Despite the concentrated. air bombardment, which during the heaviest 
periods in March and April 1942 averaged 200 enemy sorties per 24 hours, t here 
were few R.D.F. casualties.4 The maintenance of damaged reporting land-lines 
was heavy but the stations themselves received no major hits, despite the 
many bombs in their vicinity. One R.D.F. officer, three N.C.O.s and two air­
men were killed by t he explosion of the bombs on a crashed enemy Ju. 87 
aircraft they were attempting to salvage. 6 

In common with all forces on the Island, the R.D.F. personnel were very 
short of food. During these months, January to April 1942, the operators 
were kept watching at high pressure night and day. Mental strain and general 
fatigue b_egan to t ell on the R.D.F. personnel by April and, saving their physical 

-strength for their ·duty hours, all personnel stopped taking any form of exercise; 
1 Headquarters. Middle East, O.R.B. 
1 Headquarters, Mediterranean O.R.B., February 1942, para. 3. 
, No. 504 -A.Yl:.E,S., O.R.:S., J11ly 19-!l. 
• Air Ministry Weekly Intelligence Summary No. 158, 1\llay 1942. 
1 No. 501 A.M.E.S. , O. R.B., I April 1942. 
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many of the men never went outside their camps for .months. i Even so, 
morale remained good and the devotion to duty of R.D .F. personnel was very 
high during these hardest days. 

Large deliveries o{ Spitfire aircraft to the Island on 7 May 1942 brought 
about a temporary increase in the enemy attacks, but these were however of 
shorter duration. The Island was now in a better position to fight back. 
One particularly interesting application of R.D.F. in Malta at this time was 
the use of the G.C.I. station, No. 841, near Gudia, for day interception of very 
high-flying enemy aircraft.2 Successful" kills " were achieved on these raiders 
using a night-interception technique during the day. 

Towards the end of May 1942 the enemy's attacks on Malta had died 
down. Malta had withstood the weight of German bombardment 
successfully. The R.D.F. stations bad contributed considerably to the 
defence of the Island. by their efficient early warning. The smallness of our 
-fighter force on Malta bad made it impossible to use the available R.D.F. 
information to the full but the successful interceptions achieved had taken 
toll of the enen1y air forces-this major effort bad been accompanied by heavy 
losses in their aircraft. 

Although the tide of the air battle was turned by the defenders in May, 
June and July, the siege was still tightening. Two gaJlant attempts had been 
made to relieve the Island by convoys during June 1942, but both had proved 
unsuacessful. In August 1942 a large convoy had planned to sail from England 
through the Straits of Gibraltar. It was a desperate bid and only four ships 
out of 13 got through to the Grand Harbour. Finally, a convoy, which sailed 
from Egypt on 15 November 1942 raised the siege of the Island when its reserve 
stocks were practically finished. 

From July 1942 the enemy began an intensive radio jamming campaign 
directed against the Malta R.D.F. stations with the intention of disrupting 
the night fighter defences.a This interference increased in intensity until the 
end of August. It was then noticed that the j amrning was not synchronised 
with the enemy's raids. This was later ascribed to disagreement between the 
German scientists and Air Staff : a state of affairs probably arising from 
Malta's policy of scrambling fighter aircraft during raids despite the fact that 
the jamming prevented correct height reading and thus the chance of effective 
interceptions. Anti-jamming devices were developed and constructed by the 
personnel of the C.O. station at Fort Dingli to combat this interference. 4 They 
were highly successful and were later issued to all stations on the Island. With 
the day fighter strength greatly increased, and the enemy superiority in numbers 
dwindling, the policy of forward interception was inaugurated, and although 
unable entirely to ward off a heavy offensive, proved itself as it had done in 
the Battle of Britain. · 

The Retreat in the Western Desert to El AJamein (25 May-8 July 1942) 
Meanwhile the battle for supplies for the ground forces in the Western Desert, 

involved as it had been with the siege of Malta, had ended by May 1942. On 
26 ·May 1942 the Germans launched their opening attack in the campaign 
popularly termed '' The Battle of Egypt" with an assault on our line at 
Gazala. 

1 No. 242 A.M.E.S., O.R.B. , April 1942. -l Headquarters, Malta O.R.B., May 1942. 
3 Narrator's interview with Wing Commander N. Goodman, Chief Signals Officer, Ai, 

Headqu,arters, Malta. 1 No. 242 A.M.E.S., O.R.B. 
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When the Axis ground offensive commenced, although the ground forces. 
could not hold the weight of the enemy attack, the Royal Air Force held 
supremacy in the air. Their role was therefore to inflict as many losses as 
possible on the enemy and fight a delaying action in support of our retreat. ­
In common with this aggressive air policy, the R.D.F. stations along the 
East Cyrena.ican and Egyptian coasts were left operational until the last possible 
moment before the capture of their locations by the enemy, so that the fighter 
aircraft and fighter bombers had the maximum of information on which to 
make successful interceptions. 

It is beyond tbe scope of this work to deal with the many adventures of the 
individual R.D.F. units in these ci rcumstances. They all continued to pass 
plots until the last possible moment and then moved back in leap-frog manner.1 

One station passed 744 plots in seven hours by W /T and did not leave until its 
position was immediately threatened by the enemy- a typical indication of 
the morale of the R.D.F. personnel at that time. Not all stations were able 
to remove their equipment in time. The M.R.U. and C.O.L. at Tobruk had 
to destroy aJl their equipment before the enemy captured the port on 21 June. 
Twenty of the R.D .F. personnel escaped by sea, even tually reaching the M.R. U. 
at Mersa Matruh, Where they were re-equipped.2 At this latter station some 
four days later, emergency evacuation had to be carried out, blowing up the 
aerial masts and firing the buildings before leaving on the long road back to 
Cairo for overhaul at the Radio Installation and Maintenance Unit. 

The mobile C.O.L. stations were very successful in bringing about effective 
fighter interceptions as our forces fell back to their El Alamein positions. 
No. 510 C.O.L. Unit, after being cut off by enemy tanks and infantry, was 
given an escort of fifteen Valentine tanks and was able to continue plotting. 3 

Precautionary destruction of all secret documents and correspondence was 
c:arried out because of the unit's very forward position. Although the station 
was subjected to strafing, bombing and shelling it was able to render useful 
assistance to our ai rcraft in the mauling of the Axis air forces. When the unit 
eventually retired on 26 June 1942 the number of enemy aircraft claimed as 
shot down as a result of interceptions brought about by this unit's operation 
was ninety-six. 

Altogether tbe performance of the R.D.F. units in retreat was quite in 
keeping with the aggressive Royal Air Force ascendency over the enemy air 
forces at this time in the Western Desert. There could be little doubt that 
when the moment arrived for our ground forces to launch their counter-offensive, 
the experience and technical efficiency of the mobile R.D.F. units would be 
adequate to meet all calls upon them. 

While the front line was static at El Alamein the enemy were only about 
80miJes from Alexandria. A full dispersal of those R.D.F. units not immediately 
required for operations in the Western Desert was undertaken to extend the 
Mediterranean Coastal screen to give early warning of enemy aircraft threatening 
Suez. Enemy bombers had adopted an approach from the East, -flying down 
through Palestine and across Sinai. 

1 Air Headquarters. Middle East O.R.B., Signals B'rnnch Appendices, and Nos. 216, 220, 
235,257,263,510.516, 522, and 526 A.M.E.S., O.RU.s, 25 May---8 July 1942. 

'No. 216 A.M.E .5. , O.R.B., 23 June 1942. 
3 No. 5l0 A.M.E.S., O.R.B., 29 May 1942. 
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R.D.F. Defence of the Delta and Sue~ (July-October 1942) 
Because of the proximity of the enemy to Cairo, heavy bomber raids over 

the Delta area and the Suez Canal zone were anticipated. Fortunately, in 
addition to the eleven R.D.F. stations giving early warning there were also 
nine G.C.I. stations now operational,1 the first having commenced operations 
during February 1942. The combination of the R.D.F. early warning, and the 
G.C.I. stations' control of our A.I. equipped night-fighter aircraft gave good 
reason for optimism that any attempt by the enemy on mass raids over Egypt 
would result in heavy losses to their bomber forces, with perhaps the possible 
exceptfon of an attack on Suez from the East. By this time the-G.C. I. stations 
had nearly six months' experience. According to the Chief Siguals Officer, 
Headquarters, Middle East, they had really "found their feet."2 Their 
perfonnances compared very favourably with those which obtained at home, 
and the only cause for concern was the inadequacy of the supply of replacement 
spare parts-for which urgent requests had been made to the United Kingdom. 
For some inexplicable reason, however, despite the advantageous position of 
the Axis forces at the time, there were no really heavy raids on the Delta and 
Suez. The R.D.F. stations were kept busy by the raids which occurred, but 
were never called upon to play a major role in defence. 

Emphasis was placed on the provision of good cover for the Naval Base of 
the Mediterranean Fleet at Alexandria, special precautions being taken against 
low-flying aircraft and shipping} Two C.O.L. units using CD/CHL aerial arrays 
(as used at home on our coa.stal defence CH/CBL T.iple Service Stations) and 
three of the portable modified A.S.V. sets, which also provided excellent all­
round low co,;,er, were all sited in the vicinity of Alexandria. One Naval Type 271 
R.D.F. set was also operated to sweep the approaches to t he harboi1r. The 
Fleet anchorages had thus excellent R.D.F. cover not only against high and 
low-flying aircraft but all against enemy E-Boats and one-man submarines. 

R.D.F. Preparations for an 01feusive in the Western Desert (July-October 1942) 
Following the retreat of our ground forces to El Alamein there was a period 

of great activity at the Radio Installation and Maintenance Unit near Cairo.4 

Those R.D.F. units which had been evacuated from the Western Desert required 
overhauls ai1d in some cases, re-kitting. New A.M.E. Stations were also 
arriving from the United J{ingdom, including a reaUy mobile R.D.F. station 
termed the Light Warning set (L.W.S.). This latter equi~ment was capable of 
erection in under one hour, housed in a tent on a collapsible metal framework. 
It was readily transportable in one three-ton lorry and was considered ideal for 
giving R.D.F. early warning to Advanced Landing Grounds. 

Previous campaigns in the Western Desert had given ample experience in 
the use of R.D.F. in highly mobile operations. All R.D.F. motor transport was 
overhauled and existing technical gear was " cleaned up II with a view to 
increasing its mobility. There were occasions when early warning by R.D.F. 
equipment might be required before it was possible to reach· an Advanced 
Landing Ground by motor t ransport. In keeping with the policy of manning 
such Advanced Landing Grounds by personnel and equipment flown in by air, 

~ See Appendix No. 15 for the loca.tion of the early warning R.D.F. stations and the 
G.C.L stations at this time-. 

~ Headquarters, Middle East File S.54205/Signals. and Headquarters. Middle East O.R.B. 
3 Report on· Alexandria Area low-flying cover by Flight Lieutenant S. N. Smith of 

D.C,D ., 1\•t.A.P. (N;i.r.rator's interview). 
• R.L and M.U., Egypt O.R.B., August/September 1942. 
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two L.W.S. and crew were prepared, suitable for air-lift in either Bombay or 
Hudson aircraft.1 The crews were specially trained in the use of their equipment 
and were capable of becomii\.g operational in under 45 minutes. 

The Mobile Radio Units in the forward areas along the coast usually had to 
plot by W/T to their appropriate Filter Centre. The W/T plotting code was 
revised and simplified, track numbering and identification procedure by the 
Filter Room was altered, and the standard Middle East grid map was adopted. 
Every effort was made to improve the efficiency of the R.D.F. raid reporting 
system. 

Early jn October 1942 there were ample R.D.F. units to support the coming 
land offensive. Light Warning sets Were already deployed covering our Advanced 

· Landing Grounds and mobile C.O.L. stations were in the forward areas being 
use_d for day fighter control purposes. A programme had been drawn up for 
the role of R.D.F . stations in tbe forthcoming advance; this was explained to 
the commanding officers of the various mobile R.D.F. units concerned at a 
conference held on 1.8 October 1942 at Advanced Air Headquarters, Western 
Desert.2 

The R.D.F. plan for the campaign was based on the technique which had 
been developed in the Middle East .i.n the previous advance and retreat in the 
Western Desert. . Briefly this was to be :-

(a) Forward area early warning from Light Warning Sets, and the control 
of fighter aircraft by mobile C.O.L. stations in the tactical area. 

(b) As the ground forces advanced, there was to be an extension of the 
R.D.F. cover along the African coast by the siting of mobile R.D.F. 
units at intervals. G.C.I. units and additional C.O.L. stations were 
also to move forward from those held in reserve, to give good 
defensive cover and night fighter control over important ports which 
were to be captured. 

Ibis scheme involved more than the mobile R.D.F. units already under the 
Western Desert Command ;3 a further five Mobile Radio Units, three C.O.L. 
units and two G.C.I. units were to be woved up as reinforcements from the 
reserve R.D.F. pool. This made a total of fifteen R.D.F. stations envisaged as 
required for employment in our impending advance. This was, of course, a 
ridiculously small number viewed by home standards but to the Western Desert 
Air Force it was luxury. 

The Advance .from El Ala.mew to Algeria (October 1942-February 1943) 
The British offensive opened on the evening of 23 October at El Alamein. 

After hard fighting there were signs of an enemy withdrawal by 3 November. 
As the momentum of our advance developed the enemy was unable to mass for 
more than momentary stands and our pursuit continued, its speed being limited 
mainly by the rate with which our supplies could be brought up. 

In the ait the Royal Air Force held an almost complete mastery of the Axis 
air forces. The employment of R.D.F. units both in early warnin,g and fighter 
interceptions was by now quite stereotyped and there are several references in 
relevant documents to the appreciations by our Fighter Control Officers of the 

1 Air Headquarters, "Middle East O.R.B., Signals Appendices. 
• No. 220 A.M.:E.S .. O.R.B., 20 October l 942. 
s These Units were No. 220 M.R .U. and Nos. 510, 515, 522 and 526 C.O.L. stations. 
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accuracy of the R.D.F. information supplied by the mobile C.O.L. st'ations.1 

These stations, employed irt forward areas, were frequently given direct control 
of tactical aircraft far beyond the enemy's lines. Nos. 510 and 522 C.O.L. 
Units, the two most experienced mobile stations in tbis type of work, continued 
to enhance the high reputation they had established in the Western Desert 
earlier in the year. 

With so many R.D.F. units involved in this camprugn, to deal with their 
movem,ents individually in this vast theatre of operations ~ouJd obscure their 
real contribution to the campaign. Even in terms of the appropriate .dates it 
is hard to appreciate the speed of our advance. Nevertheless, some impression 
can be gained from the movement of No. 515 C.O.L. Unit, which travelled 
740 miles under rough desert conditions in only seven and a half days during 
November. As had been foreseen during the preparations for this offeo~ive, 
it was not always possible for the RD.F. stations using motor transport to 
keep up with the speed of the advance. The airborne L.W.S. early warning 
station was therefore used on 18 December, when it was transported to the 
Marble Arch landing ground by air. 2 The standard attained by its specially 
trained R.D.F. crew was excellent-they were able to set up the station and 
give R.D.F. cover to the landing ground within three-quarters of an hour. 

By 23 January 1943 the British ground forces entered Tripoli- nearly 
1,500 miles of North African coastline had fallen into our hands since the 
Battle of El Alamein had started. During February this was increased, 
but the enemy made a stand at the " Mareth Line " in Algeria. Along this 
coastline both M.R.U.s and C.O.L. stations were installed rapidly to give cover 
against both high- and low-level enemy attacks on our elongated lines of 
communication.3 

The only major R.D.F. problem at that time was the maintenance of the 
many stations opera.ting in this Chrun. The available stock of spare parts in 
the Middle East was too low to permit each unit to hold adequate spare parts 
to cover all possible technical breakdowns. Replacement spare parts were, 
therefore, held at the Radio Installation and Maintenance Unit at Tura, 4 

The front was 1,500 miles away at that time, and the air transport position was 
extremely bad-the Air Freight Centre at Heliopolis claimed that each day they 
were receiving twice as much equipment as they could carry. The roads 
along the coast were in very poor condition and the distance so great that 
supplying the Chain by ro~d was a very slow procedure. The most forward 
R.D.F. units supplied by the R.I. and M. U. were actually nearer to London 
than the Delta, so it was necessary to split the R ,l. and M.U. and send a forward 
R.I. and M.U . detachment with adequate stores and technicians to function 
in Tunisia. This provided an effective solution to the acute stores and servicing 
problems. 

This chapter ends on the flood-tide of our successes in Egypt, Cyrenaica, 
Libya and Tripolitania. In its adaptability to the very mobile warfare qf this 
theatre of operations, the R.D.F. early warning system had functioned very 
successfully. It is appreciated that details have been omitted from this 
narrative of the dev.elopment of static R.D.F. cover in such localities as East 

1 Nos. 510 and 522 A.M.E.S,, O.R.B., December 1942-February 1943. 
• Air Headquarters, Middle East O.R.B .. Signals Appendices, 18 Decentber l942. 
3 '.Diagrams of the b igh an.d low R.D.F . cove~ available and the number of R .D .F. units 

involved at this time a re given io Map No. 6. 
• R.I. and M.U ., O.R.B. , 28 February 194.3. 
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MAP No.6. 

MARCH, 1943 
R.D.F. COVER IN CENTRAL AND EASTERN MEDITERRANEAN 

UNDER H.Q. MIDDLE EAST, AFTER THE FINAL ADVANCE 
FROM EL ALAMEIN. 
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and West Africa, under t11e aegis of the Middle East Command but remote from 
the major operations against the enemy. Rather has attention been focttssed 
throughout this chapter chiefly on the support offered by ground R.D.F. 
stations to the various military campaign requirements in the Middle East. 

With the Axis forces driven back into Tunisia, the operational importance of 
the Middle East Command declined. The American and British landings in 
North-West Africa on 8 November 1942; following the victory of El Alamein, 
swung the centre of operations towards the Western and Central Mediterranean. 
By the end of January 1943 the newly-forming Mediterranean Air Command 
was taking over the tnajor direction of operations, embracing the subordinate 
Commands of the Allied Air Forces in North-West Africa, the R.A .F. in the 
Middle East and the Royal Air Force in Malta. 

The part played by R.D.F. ground stations in the subsequent final defeat of 
the enemy in North Africa is dealt with. later in this volt1me.1. 

1 The relevant chapters are ;-
Chapter 17-' ' R .D.F. Raid Reporting in tiie Invasion of North,-West Afri.ca 

(Operation Torch)." 
Chapter 18-" Ground R.D.F. in the Final Phases of the Tunisian Campaign 

(January- May 1943) ." 
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CHAPTER 13 

R.D.F. RAID REPORTING IN THE FAR EAST, 
JULY 1940-MAY 1942 

This chapter includes the period before our declaration of wa:r on the Japanese 
on 8 December 1941, following their attack on Pearl Harbour, and ends with 
the peak of the J apanese military successes in the British_theatre of operations 
-the fall of Mandalay, 1 May 1942. The narrative therefore covers our 
attempts to build up an early warning raid reporting system at strategic points 
in the Far East, followed by details of the R.D.F. units during the short 
campaign culminating in t he collapse of our forces. 

The most vital factor controlling the slow development of R.D.F. cover in 
the Far East was t he general shortage of R.D.F. equipment during the period 
under consideration, and the even more important demands of the Home 
Chain and Middle East requirements. These production difficulties at home 
were emphasised still more by the fact that R.D.F. apparatus for the Far East 
had to be fully tropicalised-the components in the no:nual Horne 01ain eqtrip­
ment would not stand up to the rigours of the climate in the F ar East, and 
research into adequate t ropicalisation was making slow progress in t he United 
Kingdom. 

The location of R.D.F. stations in the Far East was coloured large!yby factors 
of general policy of the War Cabinet. Of these, the basic principle which 
exercised most influence was that R.D.F. had a useful .contribut ion to make 
only when used in conjunction with the active defences of fighter aircraft and 
A.A. guns. In order to appreciate the lack of progress in R.D.F. provision in 
the Far East during the first year of the War it is necessary to recapitulat e 
briefly1 the early history of the organisation there. 

Early History of R.D.F. Organisation in the Fru: East 

Before 1941 no more than a superficial consideration had been given to the 
possibility of erectjng R.D.F. stations in the Far East. The only work that 
had been done was a brief survey made in 1938 when all-round looking C.0. 
Type stations were recommended for Hong Kong, Singapore, Penang, Rangoon, 
Tr.incomalee and Colombo, but no sites were chosen except in the case of 
Singapore.2 I t will be remembered that in April 1939 the Air Officer 
Commanding. Far East, Air Vice-"MarshaJ A. W. Tedder, had asked for the 
erection of atleast one single R.D.F_ station near Singapore as soon as possible, 
but due to the lack of R.D.F . supplies, no equipment was available when war 
broke out in Europe.3 

A provisional programme of one MB2 transmitter and MB1a receiver to 
arrive in Singapore by April 1940 and a C.H.L. set in May 1940 was agreed 
upon by the Port Defence Committee in January 1940. In June 1940 no 
siting reconnaissance had yet been carried out and it was proposed to send 
F/Lt. f\therton , who bad done such work in the Middle East, to make a survey 
of both Singapore and Burma as soon as possible.4 A month later Air Marshal 

1 Full details of the early plans fo r R.D.F. cover in the Far East are given in Chapters 5 
and 8 of this volume. 

z A_H_B,/IIE/70, D.D. Ops. (Overseas) Folder, Encl. 80A.. 
~ Air Ministry File S.442 11, Encls. 26A and B. 
1 A.H.B./IlE/68, Minutes oI the Inter-Service Committee on R.D.F., I Ith Meeting. 
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Sir Philip Joubert, Assistant Chief of Air Staff (Radio), in a letter to the 
Director of Communications Development, pointed out that the problem of 
defended ports abroad was of low priority, and east of Suez could be regarded 
mainly as a C.H.L. commitment. There were, however, two exceptions to 
this:-

(a) the probability that both Rangoon and Singapore, owing to the danger 
of J apanese air attack from land bases, might require full C.O, 
equipment. 

(b) the mobile defence of the North-West Frontier. 

By August 1940 the Governor of Burma was still in ignorance on the subject 
of R.D.F. The siting expert, F/Lt. Atherton, had travelled no farther than 
India. There was still great insistence on the urge11cy for R.D.F. installation· 
in Singapore, but the minimum needs of the ports in the war zones had to be 
satisfied first.1 

In October 1940 the 14th Inter-Service R.D.F. Committee meeting decided 
that the Directorate of Communications Development must make available the 
necessary personnel to make a survey of Singapore and Burma.2 In November 
1940 the question of R.D.F. for overseas was on the agenda of the 15th Meeting 
of the Inter-Servjce R.D.F. Committee but was postponed for discussion until 
the 17th Meeting in March 1941. It noted however that some equipment was 
intended for despatch in the near futme to Singapore. Thus it was not until 
toward the end of the year, following the appointment of Air Chief Marshal 
Sir Robert Brooke-Popham as Commander-in-Chief, Far East, that the Air 
Ministry finally arranged for the despatch of R.D.F. equipment to that theatre. 
In addition a Chief Radio Officer and Radio staff officers were to be added to 
the establishment of Air Headquarters, Far East, including Directorate of 
Communications Development scientific representatives.3 A Radio Installa­
tion and Maintenance Unit was to be formed in Singapore and initially one 
M.R.U., one T.R.U., and two C.O.L. stations were to be sent. 

Re-allocation of Prio.-ities for Installing C.O. Stations 

On the agenda for t11e 17th Meeting of the Inter-Service R.D.F. Committee 
held on 18 March 1941, a proposal was made to amend the order of priority 
for C.O. stations which had been agreed at the 14th Meeting.' This new 
policy affected stations in the Far East mainly, and involved the following 
c·hanges :-

Old Order. R,wised Order. 
Hong Kong. Penang. 
Trincornalee. Rangoon. 
Rangoon. Hong Kong. 
Colombo. Trincomalee. 
Penang_ Colombo. 

This was the decision agreed upon at War Cabinet level but local 
conditions produced differing opinions. Following discussions between the 
Commander-in-Chief, Far East, and the newly-formed Radio Branch there, a 

1 A. H.B./IIE/681 giving the 9th Meeting of the Ports Defence Committee, 23 August 1940. 
2 lbid.. , Inter-Service Committee on R.D.F., Minutes of 14th and 15th Meetings. 
s Air Ministry- Files S.4422, Encl. 1A, and S.52465, Encl. SSA. 
4 This order of priority was indicated jo Chapter 12. Tbe new policy is shown in 

A.H.B./IIE/68, 17th Meeting, Item 5 (b). Map No. 4 refers. 
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policy was formulated giving first priority to the provision of R.D.F. cover 
for Singapore, particularly against attack over the sea from the north-east 
and providing for the expa,nsion of R.D.F. cover along the eastern coast of 
Ma1aya, to be followed by a station at Penang and subsequent cover down the 
western coast of Malaya. 1 R.D.F. cover for Hong Kong was not considered 
justifiable, nor was the provision of R.D.F. for Ceylon necessary at this time. 
Rangoon and the oil-fields of Burma were deemed to be 1ow priority and the 
possibility ,of providing cover for Manila and the Netherlands East Indies 
was thought to be neither desirable nor politically possible at this stage. Fighter 
aircraft were not available in the Far East and both wireless and telephone 
communications were rudimentary in the extreme. Thus the all-important 

· accessories to perfect R.D.F. functioni,ng were non-existent and the recurring 
trouble of the Middle East of single R.D.F. stations acting purely as air raid 
warnings was even more difficult to overcome in this partially uncivilised and 
impenetrable territory. 

Erection of R.D.F. Stations in the Far East 

The first site chosen was for a Mobile Radio Unit, to be situated on the 
south-east side of Singapore Island at .Tanah Merah Besa.r, close to Changi. 
M.R.U. No. 250 was erected there shortly after its arrival in Singapore during 
March 1941.2 It was a sea-shore site and the station had a one-way looking 
aerial array with a line-of-shoot of 067° covering an approach from the sea, 
giving good height measurements over an arc 020° to 160°. 

T.R.U. No. 243, which had arrived with M.R.U. No. 250, was next erected 
with considerable delay on the part of the Direc,torate of Works at Mersing, 
a sea-shore site on the east coast of Malaya about 100 miles from Singapore.3 

The station, with a line-of-shoot of 045°, gave comparatively good 11eights but 
its performance in the ranges of 40 to 50 miles was poor owing to the presence 
of large permanent echoes from the 2,000~foot island of Pulau Tioman, which 
~ay practica1ly on the line-of-shoot of the station. 

The next two A.M.E. stations to arrive in the Far East were C.O.L.s Nos.511 
and 512 in April 1941, and although they were sited immediately, Works Services 
were not completed untjl December 1941.4 It was a marked characteristic of 
the Far East theatre, that the Whole of the R.D.F. programme was consistently 
held up by the extreme slowness of the Directorate of Works. 5 Provision of 
hutted buildings for C.O.L. stations took at least six times the time required 
for similar work in the United Kingdom, apart from which the huts were 
badly built and seldom completed. Part of the reason for this slowness was 
undoubtedly the ' extreme peace-time financial control which the Ministry 
Auditors appeared to exert over the Chief Engineer. 

C.O.L. stations Nos. 511 and 512 were sited in Johore, No. 511 at Bukit 
Chunang, on the extreme south-east tip of J ohore overlooking the sea, with 
a clear sweep from 010"' to 260° over the sea and further round to 290° to 
cover Singapore Island and south-west Johore. No. 512 was sited on the 
corresponding south-wei t tip of Johore at Tan jong Kupang. 

1 A.H.B./IIE /70, D .D. Ops. (Overseas) Folder, E ncl. 80A. 
2 No. 250 A. .M.E .S., O.R.B, "No. 243 A.:M.E.S .• O.R.B.. 
• ~os , Sil a.nd 512 A,M.E.S., O.R .B .. April 1941 . 
~ A.H.B./IIE/70, D.D. Ops. (Overseas) Folder, Encl. 80A. 
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Additional Cover for Siugapore 

In early May 1941, Air Vice-Marshal Pulford became Air Officer Commanding 
H eadquarters, Far East. He iminediately appreciated the fact that 
Singapore was virtually undefended from attack overland and insisted that 
at least one R.D.F. station should be sited to give some attempt at providing 
cover against overland attack. During the month two further C.O.L. sets 
had anived in the Far East and one of these, No. 518 A.M.E.S., was thereforE: 
placed at Kota Tinggi, halfway between Singapore and Mersing.1 This site, 
550 feet above sea level, had a reasonably good sweep over broken country, 
but was almost blind in the sector 270° to 000° due to a range of mountains 
some 2,000 feet high. After a survey of Burma bad been carried out, No. 517 
A.M.E.S., the second C.O.L. set, was sent to a site alongside the airfiel9 at 
Moulmein in South Burma. 

Cancellation of the C.O. Station Programme 

In May 1941, with the Home Chain passing through the transition stage 
from "Intermediate " to " Final " fonn and the Middle East needing replace­
ments of equipment lost in Crete and Greece together with reinforcements to 
consolidate our position on all flanks, it was finally decided tha t the C_.O. Type 
stations must be abandoned at Aden, Gibraltar, Freetown, Takoradi, Kilindini, 
Penang, Rangoon, Hong Kong, Singapore, Trincomalee and Trinidad.2 The 
construction of a C.O. st ation was necessarily a long-term programme, and in 
view of the fact that a Transportable Radio Unit, using MB2 equipment and 
105 feet transportable aerial masts might be regarded as giving an adequate 
performance, they were to be substituted for the proposed C.O. stati!)ns on the 
sites mentioned above, with variations in the type of towers as might be 
dicta ted by local conditions and the substitution, subject to availability of 
equipment, of the RF7 receiver for the RM3B. An added advantage of a 
Transportable Radio Unit was the fact that it could be erected in temporary 
buildings in from three to four weeks, and a further consideration influencing 
this drastic step in R.D.F. policy was the lack of trained personnel to undertake 
the necessarily elaborate installation work in the construction of a full C.O. 
station. 

Production of R.D.F. Equipment in Australia 

With the threat of a hostile J apan always in mind, satisfactory R.D.F. 
·cover for Australia became essential. It was hoped that the Australian 
authorities might be able to meet their own R.D.F. requirements. Up to date, 
May 1941, they had approximately fifty C.D. sets in production which they 
hoped would be completed by the end of 1941.3 Twenty of these would then 
become available for use outside Australia. In general, Australian production 
was limited to low-power sets using a very small type of valve and they were 
engaged in making A.S.V. as well as C.D. equipment, but neither was to British 
pattern.4 Crews and wood for masts were also required from Australian sources, 
in fact the Inter-Services R.D:F. Committee would only sanction a Trans­
portable Radio Unit for Rangoon on the understanding that the crew personnel 
could be obtained from Australia and the masts made locally in the Far East. 5 

1 A .H.13. /IlE/70, D .D. Ops. (Overseas) Folde~. Encl. 80A, a nd Air Ministry File_ S.4422, 
Encl. 674 

~ Air l\liioistry File S.4421 I , Encl. 11 lA. 
3 Inter-Service Committee on R.D.J;? .. Minutes of 20th Meeting, para, l I. 
4 Ibid., 21st Meefi.ng, Item 7, para. U) . 
5 Air l\'linistry File S.442ll, Encl. UOA. 
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Increased Demands for R.D.F. Equipment for the Far East 

Although a much more remote problem at the time, the Far East presented 
a more formidable task for R.D.F. provision than the Middle East, in that far 
greater stretches of coast-line bad to be adequately covered, often encroaching 
on unciviHsed and hostile territory, spreading over a far wider area than had 
ever before been envisaged in R.D.F. organisation. In J uly 1941 Air Head­
quarters, Far East, submitted an estimate of the ground R.D.F. station 'require­
ments that they considered essential for safeguarding the area with which the 
Command was concerned, namely, Malaya and Burm~.1 This estimate was 
based on two surveys that had been carried out by R.D.F. experts and far 

. exceeded any original plans made in the past.2 This change in policy-was the 
direct outcome of a scheme for strengthening the entire air defence of Malaya 
and Burma and included the construction and equipping of both fighter and 
bomber airfields. The scale of equipment considered necessary was as 
follows:~ 

T.R.U.s M.R.U.s C.O.L.s 
23 7 32 

The R.D.F. Policy Sub-Committee agreed that this demand should be met and 
anticipated that all such equipments would have been shipped by April 1942. 

R.D.F. Provision for the Netherlands Indies 
In September 19,11 a letter was,received from the Royal Netherlands Navy 

Department concerning the establishment of an R.D.F. organisation in t he 
Netherlands Indies as soon as possible. The strategical position of the 
Netherlands Indies made this question not only one of mutual interest, but 
also, in view of the political situation in the Pacific, one of great urgency.8 

Sourabaya Bay was the first strategic point to come under consideration, the 
Dutch Naval Base, major Air Base and centre of industry forming a vulnerable 
target foi; high and low-flying attack from the J ava Sea, the region north of 
Java and Madoera, or from an easterly direction north of Bali and Java and 

- south of Madoera. Cover from sui:face sbipping attacks from these areas 
would also be required. The War Cabinet concurred with the idea that R.D.F. 
should be provided to the Netherlands but stated that the equipment must 
come from the Far East Pool, to be released to the Dutch after the Commander­
in-Chief was satisfied that his more urgent commitments had been fulfilled, 
as it was impossible to create extra supplies for this purpose.4 

R.D.F. Policy for India-Emergency Action 

Having regard to the urgent requirements at home and the even more 
pressing commitments for the Middle East Command during May 1941 the 
provision of R.D.F. equipment for India 'Was postponed first until the beginning 
of 1942 aJ.).d later to an indefinite date. Owing to the highly secret nature of 
R.D.F., it was considered inadvisable to train Jndian personnel in operational 
details.5 By August 1941, however , the increasing J apanese threat to India 

1 War Cabinet R.D.F. Policy Snb-Comm.ittee, 7th Meeting, R.D.F. (41), Annex 11. 
e The survey of Burma and the Radio Branch report on R.D.F. cover in Malaya are given 

in Appendices Nos. 16 and 17. 
3 Wi).r Cabioet R.D.F. Policy Sub-Com,mittee, 7th Meeting, Appendix to papers. 
• Ibid., R.D.F. (4 I) 7th Meeting, para. 6, sub-paras. (i) and (ii). 
5 Inter-Service Committee on R.D .F., Agenda for 21st Meeting, Item 7, para. (b). and 

4\-ir Ministry File S.49984. 
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could no longer be ignored ; it was felt that India should have priority of 
equipment over Aden and that provision should be made for R.D.F. sets for 
Calcutta and Madras from those becoming immediately available. 

Scarcity of trained crews presented a. particularly acute problem and to 
relieve the even greater pressure that Indian demands would create on the 
shortage of manpower from the home country, it was agreed at the second 
meeting of the War Cabinet R.D.F. Policy Sub-Committee that I ndian personnel 
generally should be accepted and trained to operate the earlier types of R.D.F. 
equipment.1 • 

Disclosu're of R.D.F. Information to Russia 

Prompted no doubt by the signing of the Anglo-Soviet Pact in July 1941, 
the same R.D.F . Policy Sub-Committee also decided that the Russian 
authorities should be given technical details to the extent of those given to 
I ndia. It was believed that the Russians already possessed a fairly compre­
hensive knowledge of R.D.F. and if this equipment fell into the hands of the 
Germans through a Russian collapse it was not now of such a secret nature 
that it would harm t he Allied cause. No information however was to be 
given on up-to-date equipment such as I.F.F . other than Mark II, G.C.I., G.L. , 
Mark II, S.L.C., A.I., A.S.V. or anti-jamming equipment for C.H. stations. 

To meet unforeseen requirements a reserve pool of ten M.R.U.s had been 
held in the United Kingdom, but to substantiate the technical knowledge 
imparted to the Russians and to assist in their training facilities, Uiree of 
these sets were released to R ussia, despite overwhebning demands from the 
Middle East and requests for M.R.U.,:; from the Royal Navy to afford R.D.F. 
control at certain Naval Ajr Stations for the training of fighter aircraft in air 
interception.2 By this time aJl existing demands for M.R.U.s had been met. 
This left a deficiency of eleven sets and no reserve-the latter being considered 
vitally important to meet the almost unpredictable requests of future operations, 
or additional demands from Russia or other Allies. It was therefore arranged 
to place an immediate order for eighteen more M.R. U .s for overseas ui:e. 

Difficulties Encountered jn Effecting an Efficient R.D.F. Organisation in the 
Far E ast 

By mid-summer 1941 three things became apparent in the light of experience. 
The first was that telecommunications in Malaya were the major limiting 
factor in any expansion of R.D.F. cover; the second was that Seletar airfield, 
which was already overcrowded, had insufficient accommodation to absorb the 
expanding Radio hlstallation and Maintenance Unit, and the third was that 
the parent unit system of administration of A.M.E. Stations (No. lS I M.U. 
had been the parent unit for all A.M.E. Stations in the Far East) was a failure.3 

The problem of communications was tackled from two sides. On the long­
tenn basis arrangewents were initiated for the. provision of hunk tie~li.nes from 
each area in which A.M.E. Stations were to be erected, tG their respective 
Filter Rooms; · and inter-linking by lines between the two Filter Rooms. 
Provision was also to be made in each area for the A.M.E. Stations to plot 
direct to the Fighter Operations Room at the local aerodrome. In view of 

1 Wai: -Cabinet R.D.F. Policy Sub-Committee (41). 2nd Meeting, para. ,(4). 
2 Jbid., 7th Meeting, para. 8 and Annex Ill. 
3 A.H.B./IIE/70, D.D. Ops. (Overseas) Folder, Encl. 80A. 
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the delay, however, which was anticipated in the provision of these circuits 
(at least eighteen months for the equipment to be obtained from the United 
States) and the fact that the slow rate of working of the Directorate of Works 
had necessarily entailed con.siderable miscmployment of radio mechanics, it 
was decided to tackle the communications problem from a second side. This 
was the provision of V.H.F,. R /T links for ground~to-ground working. Ail' 
Ministry had informed Headquarters , Far East, that no V.H.F. R/T would 
be available for shipment to their Command before June 1942; and as H.F. 
RfT and W/T were almost useless for the ranges required in the Far East 
(where electric storms are the normal state of the atmosphere) it was decided 
to concentrate on locally-made V.H.F. R/T links. The task was given to the 
Officer Commanding No. 518 C.O.L. Station a'nd he and his crew were installed 
'in the top flat of the Cathay skyscraper in Singapore. There they produced a 
h.ighly successful V.H.F. R/T transmitter and receiver from locally obtained 
components. The essence · of the design was simplicity itself and links were 
finally installed between the Cathay and all existing A.M.E. Stations. Where­
ever these links were installed, communications never failed right up to the 
time of the withdrawal or the demolition of the stations concerned. 

The second main problem of keeping pace with the expansion of the Radio 
Installation and Maintenance Unit was settled by moving the unit to a new 
site at Ponggol. three miles East of Seletar. Making it responsible fo.r the 
administration of the A.M.E. Stations disposed of the third problem. It 
became, in effect, a South Malaya Radio Wing. 

Expansion of the Air Reporting System in Malaya, August 1941-December 194-1 
By August 1941 the R.D.F. plan for Malaya was fairly we1l crystallised. 

Siting had been carried out throughout Malaya, Burma and Trincomalee and 
two stations, M.R.U. No. 250 at Tanah Merah Besar and T .R.U. No. 243 at 
Mersing, were operational, plotting to a Filter Room situated temporarily at 
Katong.1 Towards the end of August 1941 the expansion of the R.D.F. 
programme in Malaya began and stations which had been requested from Air 
Ministry started Lo arrive. No. 575 (C.D./C.H.L.), No. 306 and No. 370 
(A.C.O.s) and two C.D./C.H .L. stations provided by the ·War Office were in 
the Far East before September 194L 

To implement the R.D.F . cover and fill in the numerous gaps in the 
information which were unavoidable in a country so unsuited to the use of 
R.D.F. equipment, it was found necessary to bring the Observer Corps up to 
date. In August 1941 the responsibility for the organisation and training of 
the air watching scheme was transferred from the General Officer Commandin,g, 
Malaya, t o the Air Officer Commanding, Far East.2 This organisation consisted 
of 171 Observer Posts and six Observer Centres to be supplemented by fifty 
further posts and an additional centre. The method of manning these posts by 
Service personnel and local police was considered unsuitable for conditions 
of active warfare and Air Vice-Marshal Pulford set about reorganising the 
Corps to. run on similar lines to those on which the Royal Observer Corps was 
run at home. 

The period from September to D ecember 1941 was marked chiefly by continual 
difficulties over the Works Services for A.M.E. stations. Sometimes the hold-up 
lay in the fact that it was necessary to erect a station in an Uofedera.ted Malay 

1 A.H.B./llE/202, Far East .Opera t ional Reports. 
z Air Headquarters, Far East O.R.B., August 1941. 
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State and this required prior sanction from the ruler of the state, which usually 
took some time to obtain- especially in the case of J ohore. More often it 
was just the administrative machinery that was not used to or designed for 
working with any great speed. This difficulty became so onerous that eventually 
Air Vice-Marshal Pulford found it necessary to attach three officers, who had 
had Works experience in civil life, to the Radio Branch as Works Liaison Officers 
for the sole purpose of hastening the Works Services of A.M.E. stations. The 
fruits of their labours very shortly became visible, and it was largely due to 
their efforts that Nos. 511, 512 and 518 A.M.E.S. became operational at the 
beginning of December 1941. · 

R.D.F. Provision for Hong Kong 
Although Hong Kong had been one of the earliest ports selected for R.D.F. 

provision, namely, one C.O. type station, this was contrary to War Cabinet 
policy as it was realised that the island could not be defended for any length 
of time. At the C.H.L. Planning Sub-Committee meeting held in April 1941 
no provision was made for a C.O.L. station as no fighter aircraft wer~ being 
despatched to Hong Kong and it was considered inad"Visable to instal any 
unportant equipment which might have to be destroyed to avoid· capture.1 

In August 1941, the War Cabinet R.D.F. Policy Sub-Committee went so far 
as to note that no operational requirements now e,'(jsted for R.D.F. at Hong 
Kong and that the only likely account on which equipment might be desirable 
would be for the purpose of stiffening morale.2 Despite the somewhat gloomy 
view taken by higher authority, however, a siting p arty visited Hong Kong 
in November 1941, also making a preliminary survey of Manila and the more 
important parts of the Philippine Islands. 

Before any R.D.F. equipment arrived iu Hong Kong, J apan opened 
hostilities witl;lout any formal declaration of war and Hong Koog received 
surprise aerial attacks on 7 December 1941, the same date as Pearl Harbour. 
Only eighteen days after the outbreak of war with Japan, Hong Kong was 
captured by the Japanese, our position there being virtually untenable. The 
original War Cabinet decision not to risk R.D.F. equipment without adequate 
defence thereby proved to be correct. 

'l'he Position of R.D.F. in the Fat East at the Outbreak of War with Japan 
The outbreak of the war with Japan on 7 December 1941 found the following 

A.M.E. stations3 operational in the Far East:-
(a) No. 243 T.R.U. operational at Mersing. 
(b) No. 250 M.R.U. operational at Tanah Merah Besar. 
(c) No.511 C.O.L. operational at Bukit Chunang. 
{d) No. 512 C.O.L. operational at Tanjong Kupang. 

No. 518 C.O.L. at Kota Tinggi was approaching completion and works services 
were well advanced for No. 575 C.D./C.H.L. to be erected at Bukit Dinding 
in the middle of Malaya, west of Mersing: for No. 307 T.R.U. at Kahang, 

1 War Cabinet•Paper W .P. (40) 302, ·' Report by Chiefs of S taff on the Situation in the 
Far East in event of Japanese aggression, '' S August 1940 ; and A.H.B. /IJE/67. C.H.L. 
Planning Sub-Committee of the Inter-Services R.D.F. Committee, laterim Report, 24 April 
1941, para. 22. 

2 War Cabinet R.D.F. Policy Sub-Committee (41), 3rd Meeting. para. 6, and 
A.H.B./IlE/70. E;ncl. 80A, 

3 The locations of both proposed and actual R.D.F. sites at the outbreak of war with 
Japa11 are shown on Map. No. 7. 
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two miles from No. 575 and for No.- 306 T.R.U. at Ayer Besar, about a :nile 
from No. 511.1 Bui1ding had also been started on two M.R.U.s and one C.O.L. 
station at Penang; on one T.R.U. and one C.O.L. station at Kata Bha.ru and 
on one A.c'.·o. station at Kuantan. Three of tbe four operational stations 
were plotting by V.H.F. R/T links from the Cathay to the Filter Room at 
Katong, and the fourth, No. 243 T.R.U. , was plotting by telephone when it 
was serviceable {which was not very often) and by W/T when it was not. 
Six M.R.D.s, fourteen C.O.L. stations, eight C.D./C.H.L. stations and six more 
T.R.U.s were also allocated to the Far East pool, but were diverted after the 
collapse of the entire Malayan front. 2 

Operations During the Malayan Campaign 

The -first raid on Singapore occurred in the early hours of the morning of 
8 December. It was first picked up by No. 243 A.M.E.S. at approximately 
0320 hours at a range of 75 miles on the line-of-shoot, flying south. About 
ten minutes later No. 250 A.M.E.S. started plotting this raid, and it was given 
a filtered height of 18,000 feet. 3 Almost immediately afterwards, o. 511 
A.M.E.S. started plotting it, followed by No. 512, No. 243 in the meantime 
losing it. By this time some 35 minutes had passed and the raid was 30 miles 
off the south-east tip of Johore and due east of it. The raid next turned west. 
An auditory plot was passed on it about ten minutes later by No. 511 who 
reported that iit consisted of a large formation :flying high . It continued flying 
due west, plotted by Nos. 250 and 512 A.M.E.S. until directly over Singapore. 
when bombs were dropped, the first to fall being a stick across Selet,!r aerodrome, 
55 minutes after the. first plot had been passed by No. 243 A.M.E.S. The 
air raid sirens had not been sounded nor had any aircraft taken off. The 
station personnel were for the most part still in bed. The raid was again 
picked up by the R.D.F. stations on its way out and was plotted due north 
from Singapore, passing inland at Mersing to a range of 110 miles in the 
direction of Saigon. 

No. SJS A.M.E.S. went on the air at Kota Tinggi during the third week of 
December 1941,4 During the first two weeks after the outbreak of war Ute 

_Japanese raided Singapore by night, and they usually :flew high. They were 
flying from Saigon, and this gave the R.D.F. stations then operational excellent 
oppoTtunities for good tracki ng which they used to fuU advantage. 

Emphasis was, however, being laid by Air Vice-Marshal Pulford on the 
necessity for providing more and better R.D.F. cover for the overland 
approaches to Singapore ; he considered that the provision of this cover was 
essential in view of the fact that the Japanese Ulen had possession of the 
airfields at AJor Star and Kota Bharu. The buildings for No. 575 CD/CHL 
at Bukit Dinging and No. 307 T.R.U. at Kahang were practically completed. 
Both t hese sites were appro.ximately 70 miles north of Singapore and, although 
technically both very poor, were the best obtainable in this very difficult 
country. 5 A new site was also chosen at Serangoon on the north side of 

1 Air Ministry File S.4422, Encl. 49A, and A.H .B. /IIE/70, D .D. Ops (Overseas) Folder, 
En.cl. 80'1.. , 1 A.H.Il./IIE/70, Encl . 93A. 

'A.H.B./IIJ /50/4, Operations Room Narrative, Air Headquarters, Far East, 8 Decembet" 
1941, 0408 hours. • No. 518 A.M.E.S. (C.O.L.). 0 .RB., December L941. 

5 A.H,B./IIJ/50/4, Ops. Room Narrative, A.H.Q .. F.E. 
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Singapore Island for an A.C.O. station to be equipped with 125-foot towers. 
1'hese towers, however, were never completed beyond the SO-foot level and 
No. 307 T.R.U. was rushed on the air at this site late in January 1942, using 
a very simple type of improvised aerial. 

On 15 January 1942 the Officer Commanding, No. 243 T,R.U. at Mersing, 
reported that the position was becoming undefendable following the Japanese 
landing at Endau, 20 miles to the north of the station. The enemy were 
jnfiltrating south and the Australian forces, who had been holding Mersing, 
withdrew.1 No. 243 T.R.U. was nnally given orders to withdraw, which they 
did under extreme difficulties. Out of the fifty-eight airmen on the station 
only nineteen were not suffering from malaria. Throughout the withdrawal 
t]1e unit was consistently bombed and machine-gunned from a low level and 
transport, as usual, was inadequate. Despite these obstacles the Officer 
Commanding removed h_is transmitter, receiver, both masts and aerial arrays 
and reached Singapore with them undamaged. He unfortunatel y was unable 
to remove the electrical power generators and one mast base and although a 
volunteer party essayed to salvage these the following night, the attempt 
was unsuccessful except for the salvaging of a large number of generator 
accessories. 

No. 243 A.M.E.S. was then converted from a T.R.U. into an M.R.U. by the 
Radio and Installation Maintenance Unit and went on the air at its new site 
at Tuas on the west coast of Singapore Island on the 29 January 1942, fourteen 
days after its withdrawal from Mersing. No. 243 M.R.U., at this new site, 
now gave high-:flyjng cover over the approach to Singapore down the Malacca 
Straits and the mainland of Malaya. The Japanese by this time were in 
possession of all the airfields in the north of Malaya and were using them to 
base their aircraft for attacks on Singapore. 

Between 20 and 29 January 1942 it became necessary to withdraw Nos. 511, 
512 and 518 C.O.L.s from Bukit Chunang, Tanjong Kupang and Kata Tinggi 
respectively. This equipment, with that of No. 575 CD/CHL and one of the 
Army CD/CHL.s, was taken to the R.T.M.U., overhauled, carefully packed and 
put on the S.S. Loch Ranza for Sumatra and Java. During this period, however, 
all evacuee shipping was being subjected to heavy bombardment and although 
various distress signals were received throughout the long days, lack of 
sufficient fighter aircraft made any air cover impossible. On 6 February 
a message was received reporting the loss of the S.S. Loch Ran.ta and instructions 
were immeruately given for the ship to be salvaged or else blown up as it carried 
1,000 tons of R.D.F. equipment aboard.2 In the general chaos neither plan 
was implemented. The crews of these stations, however, fared better and with 
70 per cent. of the personnel of the R.I.M.U. and the remainder of the Radio 
Branch of the Headquarters, they left Singapore for Java on the evening of the 
6 February 1942, reachu1g Batavia without casualties. 

The position in Singapore was then as follows:-
(a) To. 250 M.R.U. was still operational at Tanah Merah Besar, giving 

a reasonably good performance both in heights and ranges. The 
military tieline to the Filter Room was not particularly satisfactory 
but the V.H.F. reporting system never gave any trouble. 

• A.H.B./IIJ/50/4, Ops. R,oo:m ;N"artative, A.H.Q., F.E., 20 January 1942, and 
A.H.B./JIE/70, D.D. Ops. (Overseas) Folder, Encl . SOA. 

a Ibid., 6 February 1942. 
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(b) A CD/CHL station was operational about half a mile from No. 250 
M.R.U., having been erected on the top of the water-tower of Changi 
Gaol-and appropriately named " A.M.E.S. Calaboose." This 
station was manned by the Army and told plots by means of a 
tie-line and field telephone to No. 250 M.R.U. Its performance was 
not up to standard, as it had only recently been erected under extreme 
technical difficulties and t he receiver 'required an almost complete 
rebuild in its power supply circuits. 

(c) No. 243 M.R.U. was operational at Tuason the west coast of Singapore 
Island, having been removed from Mersing. Its performance was 
highly commendable considering its lightni1~g transformation from 
a T.R.U. to an M.R.U. and its first plot was at a range of 110 miles. 
Ranges of 120 miles were frequently passed on high-flying enemy 
aircraft presumably based on Butterworth or Alor Star airfields. 
Unfortunately it was not calibrated for height or D/F as the enemy 
were only four miles away (on the one time site of No. 512 A.M.E.S.) 
when the station was erected. 

(d) No. 307 AC.O. station was operational at Serangoon half a mile to 
the north of the R.I.M.U. at Ponggol. The aerial arrays were a 
simple type, formerly used on a G.M. set,1 and mounted on the 
SO-foot high stubs of the half-erected 125-foot towers previously 
intended for the station. Erection of these towers had been going 
on for some time with r elays of Malabri riggers working throughout 
the hours of daylight, but as supplies had to be obtained locally the 
wood was green, which necessitated burning out practically all the 
prebored 'holes before the bolts would fit, ma.Icing it an extremely 
slow process. 

The " Radio R/T Unit," as it was termed, ·was doing excellent work in its 
elevated position in the top flat of the Cathay Skyscraper. A seties of R/T 
sets working on 100 megacycles per second frequency were manned, receiving 
the reports from the various A.M.E. Stations; the receivers were monitored by 
R/T operators who had fortunately been sent out under the incorrect title of 

· Radio Operators, and the output of the receivers y,,as fed through a te1ephone 
switchboard to the tie-lines linking the building with the Filter Room. Duplex 
operation was provided, and operators and plotters invariably preferred to 
plot by means of this system, since it was louder and clearer than the telephonic 
communications available in Malaya. Results were excellent and more than 
justified the expeT)diture of men and materials that had been put into building 
the system up, not the least of the difficulties being the hard and tedious task 
-0f requisitioning the flat in question. 

The remaining personnel of the R.I.M.U. stayed at Ponggol, their chief 
concern being the compl'etion of the modification of C.O.L. receivers to make 
them work under tropical conditions and, having accomplished this, to send 
them complete with non-technical gear to the ma.in party of the R.I.M.U. for 
erection in Java and Sumatra.2 Part of the unit's small stock of spares which 
had been retained in Singapore were held at the Cathay Skyscraper to provide 
an "immediate maintenance party" tun by a few selected Rad\O Mechanics 

1 See Appendix No. 10 for details of this type of R.D.F. equipment. 
'A.H.B./IIE/70, D.D. Ops. (Overseas) Folder. Encl. 80A. 
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equipped with a Ford van and two Ford Mercury cars. The other equally 
vital job of the skeleton R.I.M.U. was attempting to obt;i.in information of 
impending changes in the Army dispositions. These were liable to take place 
without any warning whatsoever leaving the A.M.E, stations in the 
unenviable position of being in front of the front line. On 9 February 
No . . 243 M.R.U. found itself in such a position and finally, receiving orders for 
an immediate withorawal, got out just in time to evade the enemy, but having 
to leave masts and aerial arrays behind. 

13y that time, the Japanese had advanced on the north side of the Island 
past the Naval Base, towards Seletar and the R.T.M.U. site at Ponggol was 
threatened. All stocks were therefore moved to a building on the south-east 
side of the Island by the following day, and No. 243 A.M.E.S., this now highly­
seasoned traveller, once more began to bed down under the protection of the 
R.I.M.U. site. Work went on throughout the night on the re-erection of spare 
masts and technical equipment. 

R.D.F. Units during the FaU of Singapore 

On 11 February 1942 instructions were received for personnel of all A.M.E. 
stations and R.I.M.U. to be detailed into two parties, armed and unarmed, 
issued with four days' rations and, in the even t of a withdrawal becoming 
necessa_ry, the unarmed party was to move first, followed by the anned party, 
each man taking the bare minimum of personal kit.1 The destination in the 
event of a move was Alexandra Evacuation Camp. Kallang airfield was under 
shelUire and was being denied to the enemy, The Fighter Operations Room 
was being destroyed and the personnel withdrawn, thus leaving the Gun 
Operations Room the only recipient of the Filter Room information. 

By that time there were only two surviving Observer Posts. These were 
wired to tell directly into Filter Room, and the R.I.M.U. were instructed to 
form further posts. At midday on 11 February 1942, No. 307 A.M.E.S. 
reported that the local Army authorities gave them one hour to get out. This 
was confirmed five minutes later by the Gun Operations Room and instructions 
were ac<:ordingly given for the station to be destroyed in the order (a) technical 
spares, (b) non-technical equipment, (c) technical equipment, (d) telephone 
equipment, but the V.H.F. R/T equipment was to be removed intact. The 
next move was a suggestion for a fourth possible alternative site for No. 243 
A.M.E.S. on Bukit Brown, but a siting officer driving up to A.H.Q., Sim,e Road, 
to make a reconnaissance of the proposed spot was met by a warm but 
distinctly hostile reception from a machine gun. Communications were cut 
intermittently with Air Headquarters and news came through that the 
evacuation centre at Alexandra Camp was in enemy hands. A Group Captain 
from Air Headquarters visited Filter Room to enquire the whereabouts of the 
personnel from Air Headquarters, as he had been detailed to embark with the 
remaining troops but the ship had been rushed by armed deserters. 

On 12 February the situation in the Changi area had become hi,ghiy dangerous 
and .No. 250 M.R.U. was instructed to remove its transmitter reflectors in 
order to give an improved performance to the ·South from which direction the 
heaviest raids were emanating. In the event of a withdrawal the Officer 
Commandins- was warned to save his receiver aerial arrays at all cost, as they 
could be erected rapidly on telegraph poles, and the deserted Fighter Operations 

1 A.H.B./IIE/70, Eacl. 80A. 
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building was selected as the best spot for t he station's next move as the line 
to Filter Room was st ill intact. The CD/CHL " Calaboose " was to remain 
operational until it had to be destroyed. 

During the afternoon many reports were received of heavy enemy troop 
movements in the West but no confirmation could-be obtained from the Gun 
Operations Room and the local Brigadier could not be contacted. By the 
evening of 12 February 1942 instructions finally came through from the Army 
for the withdrawal or destruction of all secret equipment in the Changi area 
as the Japanese had landed in force at Loyang. By this time the crews of 
No. 250 M.R.U. and CD/CBL "Calaboose" had arrived at the R.I.M.U., both 

. sets of equipment having been destroyed for fear of them falling into enemy 
hands on the road. These men were then told to report to the Filter Room 
in company with the personnel from a nearby Observer Post and the crews of 
No. 307 and No. 243 M.R.U., the latter complaining bitterly that they had 
just become operational on their new site. At 2 130 hours the Air Officer 
Commanding instructed the Senior Radto Officer to meet him at Fort Canning 
and in conference with the local Army Commander it was decided that 
No. 243 M.R.U ., which had maintained all its technical equipment, should be 
re-erected on Fort Canning as soon as possible. 

The following morning at daybreak No. 243 M.R. U. moved to Fort Canning 
and once more made preparations to go on the air. The Air Officer 
Commanding again contacted the Senior Radio Officer and informed him that 
shipping accommodation had been found for 152 radio personnel in 
S.S. Tien Kwong and S.S. Kuala. The crews of No. 250, 307 A.M.E.S. and the 
remainder of the R.I.M.U. were detailed to embark from Laburnum Pier in 
Telok Ayer Basin between 1500 and 1700 hours. Great care was to be taken 
to avoid observation, no kit or bedding was to be carried, o_nly arms and rations 
sufficient for four days, and the last mile of the journey was to be made on foot 
in groups of not more than ten men. The crew of the Filter Room were to 
be handed over to the Gun Operations Room and the Radio R/T Unit was to 
join the Army signals. _No. 243 M.R.U. was to continue with its preparations 
for becoming operational. 

At 1400 hours word was received from the Army that they were withdrawing 
and that the enemy were a mile away. Steps were taken to destroy the Filter 
Room and later instructions were received to destroy the V.H/F R/T equipment 
and have the personnel embarked. The Senior Radio Officer contacted the Air 
Officer Commanding who considered that it was hardly worthwhile waiting for 
No. 243 M.R.U. to become operational but that he would not give the word for 
its destruction unless the Army authorities agreed, promising to ring the 
Senior Radio Officer back. Telephone lines were cut , however, and an hour and 
a l1alf later, on contacting the Senior Army Officer, the Senior Radio Officer 
was told that Singapore would fall before the R.D.F. station could become 
opera,tional and be was therefore advised to destroy the equipment and get the 
crew embarked. Singapore was taken by the Japanese two days later on 
15 Febn,iary 1942. 

At 2000110urs the Senior Radio Officer, Officers and Airmen of No. 243 M.R.U. 
arrived at the docks only to find they were not allowed entry unless they had 
passes. After some difficulty tl1e Senior Radio Officer argued his way in and 
located the Air Officer Commanding in a motor launch in company with an 
Admiral who issued a pass for the crew of No, 243 M.RU. to enter the basin 
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and embark on the S,.S. Chukwong and S.S. Tenggarch. Some time later the 
demolition party of No. 243 A.M.E.S. arrived and embarked on the S.S. Tanjong 
Pinang. Shelling of the Telok Ayer Basm from a battery in the direction of 
Changi took place. Explosions were very heavy and shelling continued through­
out the night. All the dock area was burning furiously, particularly the coal 
dumps and the oil tanks on the Dutch Islands. S.S. Tanjoiig Pinang moved 
outside the basin and went aground. 

S.S. Ckukwongi, in which the Senior Radio Officer hafl embarked, was 
subjected to heavy bombing during the morning of 14 February 1942. Despite , 
the zigzag course she adopted she was finally hit in' the engine-room and the 
forward hold killing thirty men, and while she lay with her engines unserviceable 
<Uid a heavy -list to starboard, three enemy aircraft returned and scored another 
direct hit on ,the forward bold and one on foe port side amidships, causing 
twelve more fatal casualties. S.S. Tenggaroh and the S.S. Tan.jong Pinang 
hove to to pick up survivors and the. Senior Radio Officer once again joined the 
demolition party of No. 243 M.R.U. They continued their jour;o.ey up the 
Inderagiti River on the East side of central Sumatra, reaching Padang on 
20 February, onJy to find that Royal Air Force personnel from the local airfields 
were awaiting evacuation. At Ayer Moeloek they were joined by nine airmen 
of the Filter Room and Radio R /T Unit personnel who reported that they 
thought they were the only Royal Air Force survivors from the S.S. Chang Tei, 
in which those two units had embarked. They had reached the coast ill a boat, 
taking it in turns to be towed behind her as she was overloaded, some personnel 
having been in the water for 25 hours. 

On 1 March 1942 the Senior Radio Officer and a party of radio personnel now 
numbering twenty-eight embarked in two naval craft which had put into 
Padang for oil, en route to Ceylon. Four airmen, ex-Nos. 250 and 307 A.M.E.S ., 
had arrived at Padang stating that the S.S. Tien Kwong bad been sunk. The 
Senior Radio Officer was most anxious that he should return to Sawahloento 
to checJ,,: that no_ more radio personnel bad arrived in Sumatra but · he was 
refused permission. On 9 March the party finally found a home on the race­
course in Colombo1 and three more airmen, ex-No. 307 A.M.E.S., joined them 
with the information that a number of officers and airmen previously believed 
killed or drowned were in fact aHve at Ayer Moeloek in Sumatra. 

Meanwhile the main party of the R.I.M.U. and Radio Branch of Air 
Headquarters had not fared so well On arriving in Java on 7 February 1942 
they found there was no organised R.D.F. defence of the Island.1 The sole 
aircraft attack warning system was a Dutch air observer post organisation 
which reported in R /T clear communication to a combined Gun and Fighter 
Operations Room about 12-foot square, situated 3 miles out of Batavia. 

Although most of the R.D.F. equipment evacuated from Singapore had been 
lost in the S .S. Loch,Ranza, it was found that three Army G.L. sets and six 
excellently packed and complete M.R.U.s from the Royal Air Force Station, 
Kidbrooke, England, were stored in the Batavian transit camp. It was 
imniediately decided to provide R.D.F. cover against J apanese air attack for 
Batavia initially with two M.R.U. and later to cover Sourabaya from the_ 
ITJainland and from the island of Madoera. The exact locations for these 

1 A.H.B./IIJ/53/10, M:alayan Report Section File M.R.S. 2019 in Directorate of Staff 
Training Folder titled " Signals Matters-Malaya." 



stations would be decided by the findings of a siting party. A decision was also 
made to set up a new Filter Room in Batavia on the lines of Headquarters 
Figbter Command and to place the two M.R.U.s within the Batavia defence 
zone. Suitable sites were found and installation began at once. The Dutch 
$Upplied and erected 95-foo.t aerial towers with ladders and platforms made of 
bamboo, temporary buildings and telephone lines. 

On 20 February 1942 orders were received to install the three Army G.L. sets 
on the West coast of Java to provide a better and earlier warning system than 
-the existing observer corps. As this area was outside the Batavia defence zone 
the Dutch authorities were approached -to determine how much warning of 

. attack from the sea these sites might expect. Dutch Army Headquarters 
guaranteed 48 hours wammg. 

To the East, four G.L. sets with extended range had been left behind by the 
Americans and tbese were manned by Royal Air Force personnel to give cover 
over Sourabaya. The Army G.L. sets became operational on 25 February 1942. 
Two days later notification was received of an expected Japanese invasion and 
the G.L. stations were told to pull out. Two hours later the order Was rescinded 
as the warning had proved to be a false alarm and the stations resumed operations. 
The foUowing day the T.R.U. at Tengarang began plotting, on a tie line to the 
new Filter Room and although uncalibrated it seemed to give good D/F and 
range. The time taken to bring the T.R.U. and Filter Room into working order 
from scratch was ten days. 

That night information of a pending invasion. was again received and this 
time it was no false alarm. The promised 48 hours warning had not been given 
and the shore stations were immediately called in to Headquarters. A Royal 
Air Force pilot officer was intercepted and killed while trying to evacuate his 
G.L. set. A driver of a lorry and transmitter trailer was stopped by the 
Japanese firing a shell at close range. The projectile cleared the cab of the lorry 
and exploded in the trailer. The driver was surrounded and ordered at pistol 
point to back the trailer down a 30-foot bank into a wet Padi field. When this 
had been completed a J apanese officer got in alongside the driver and again 
with revolver drawn, told him to proceed across a narrow bridge which lay 
ahead guarded by the Dutch. The driver accelerated, but half way over the 
bridge he locked the lorry sharply into the parapet where it blocked the whole 
road and then dived into the river. He swam to the opposite bank, warned the 
Dutch and the bridge .was blown up. 

The Japanese advance was so rapid that on the morning of 1 March 1942 
·Batavia was expected to fall within 48 nours. Orders were given for all_ secret 
equipment to be destroyed and for a general withdrawal of the R.D.F. personnel 
to Tjihtjab to be available for evacuation by sea. The several convoys met at 
the appointed rendezvous but found that evacuation was impossible and on 
4 March 1942 all parties were ordered to return to Poerwokerto to surrender arms 
and ammunition in capit'ulatio.n. Personnel travelled back by -train and were 
ambushed by a force of Japanese who had wheeled westwards to cut the 
railway .line. Casualties were not high but the wounded who were unable to 
walk were bayoneted by the Japanese. 

Full casualty l ists of R.D.F. unit personnel were ultimately compiled from 
statements of survivors. Two officers and twenty-nine airmen reached 
(,:eylon o.ut of the forty officers and five hundred a irmen who manned the 
R.D.F. organisation in the Far East. 
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R.D.F. in the Burma Campaign 
The J apanese were not only pressing south into the islands of the East Indies 

at this time. When the R.D.F. units were driven from Malaya, Burma was also 
being subjected to air attacks to soften up the ground defences preparatory to 
an attack by the J apanese Army. No. 517 A.M.E.S. C.O.L. station at Moulmein 
was putting up an excellent performance against heavy enemy air raids.1 The 
station was installed on the top floor of the chemical laboratory of the Rangoon 
University. This site had been chosen after an exhaustive search of the 
neighbourhood. Three partly-built R.D.F. sites existed, two at Syriam, 
10 miles south of Rangoon and one 18 miles to the north, but labour and 
supplies problems were becoming acute and the University site was practically 
ideal from the technical point of view as it was 700 feet above sea-level and the 
R.D.F. aerials were therefore clear of nearby trees and obstacles. Speed in 
erection and calibration .had been essential as Japanese air raids were frequent, 
and the station personnel were congratulated by the Air Officer Commanding 
on the rapid manner in which they had becon:)e operational. The unit was in 
operation continuously, using the municipal electrical mains supply for power, 
and plots were passed to a temporary underground Sector Operations Room at 
Mingaladon airfield, pending the opening of the new Group Operations Room 
near No. 221 Group Headquarters. 

Enemy activity was fairly heavy and several interceptions were confirmed, 
tile Controller indicating that the R.D.F. plots were far. more accurate than the 
Observer Post information. During the beginning of February several 
experiments were carried out under increasingly difficult circumstances with 
modified aerial systems, and ranges were improved. The situation in Burma 
however deteriorated, and No. 517 C.O.L. was warned to formulate some sort 
of evacuation scheme. Two were prepared, one covering the destruction of the 
equipment and evacuation of personnel at the· last moment and the second 
one provided for the withdrawal of equipment. One of the difficulties of the 
latter was the risk of the equipment being intercepted on the road, as the 
enemy was advancing slowly down the main Mandalay-Rangoon road and it 
was possible they would reach the Prome Junction 20 miles north of Rangoon 
before the heavily-laden convoy. 

On 21 Februa1y 1942 the Observer Corps ceased functioning at 1800 hours. 
The Chief Operations Officer was doubtful as to whether a C.C>.L. station could 
carry on alone as it was expecting too much to ask that type of station to. 
observe over 360° with no long-distance warning, especially as raids were coming 
in simultaneously from different directions. The following day the enemy 
carried out heavy daylight raids but failed to break through. By this time 
No. 517 A.M.E.S. had all its available gear packed on lorries and Group had 
given instructions that the station was to remain operational as long as there 
were any of our fighter aircraft operating from Mingaladon ; when the last 
aircraft had left, No.'517 A.M.E.S. was to blow up the equipment and leave by 
the "most suitable means." The equipment was working extremely well and 
there was plenty of work to be done but the administrative difficulties were 
almost insuperable. The ration organisation had broken down and only odd 
items of food were issued, medical arrangements had failed completely and the 
entire night was spent searching for a doctor for a sick airman. Most of the 
Army key-men had left the city, the City Fire Brigade, Civil Defence and Police 
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had gone, the telephones were cut and 1,500 convicts and 200 native mental 
cases had been let loose in the city. Looting was general and many fires were 
raging, including 4,000 " Lease and Lend" lorries on fire at the docks. The 
Adjutant of No. 517 A.M.E.S. investigated· the possibilities of escape up river 
by boat should the road become completely blocked. 

Air raids continued all through the night, and on 23 February the unit was 
told to stand by at half an hour's notice under the first evacuation scheme. 
Operatio11S continued, and on 24 February 1942 the air attacks increased. The 
Japanese were now definitely trying stronger tactics to smash Mingaladon by 
drawing off our fighter aircraft to the West after approaching South of the city , 
while the really heavy raids approached frorn due East. This state of affairs 
continued for three days, reports of an outbreak of cholera adding to the general 
disorder. Thirty enemy aircraft were destroyed over Rangoon and Jvfoulmein 
but attacks became even heavier. On the evening of 26 February 1942 the 
Officer Commanding No. 517 C.O.L. was caUed to a conference with the Air 
Officer Commanding at No. 221 Group and given inst ructions to evacuate under 
the second scheme, although the time limit for reaching the Prome- Mandalay 
Road Junction was 22 hours instead of the original 48 hours. Work was 
immediately started on dismantling the R.D.F. station and, working through 
the night, the convoy was ready to leave Rangoon at 0705 hours the next 
morning. It consisted of sixteen vehicles, one of which contained Burmese 
and Indian Army guards. 

The party arrived at Magwe on 28 February 1942 and were instructed to 
.hand over to the Army Guard for evacuation to India by air, afler destroyil1g 
their equipment. On the following day, however, the policy ,vas again changed 
and it was decided to keep the unit.at Magwe pending the arrival of our fighter 
aircraft. It was imperative that the unit should become operational as soon 
as possible, so instead of applying to the Works Directorate for technical 
buildings, it was considered that far less time would be taken in building 
coachwork bodies on to the vehicles, thus providing ultimate mobility for 
the whole unit.1 On 3 March 1942 the technical lorries were run in to the 

· Burma Oil Company workshop and four days later the now-mobile C.O.L. 
unit moved to its site at Yenangyaung> t hree miles north of the Khodoung 
Chaung, 11 miles north of Magwe, where it was possible to get off the road 
into the desert scrub for camouflage-a remarkable feat of technical skill, 
improvisation, and co-operation between a small unit of men. 

During the next two weeks the unit changed its site ·five times. No trouble 
wa,; spared to give the best performance possible under the most exacting 
conditions. On 22 March 1942 the unit packed up and left for Yenangyaung 
on jts way to Lashio, but was stopped and told to return as aircraft reinforce­
ments were expected at Magwe. Ten days were spent waiting for Royal Air 
Force personnel to return to the airfield, the t ime being put to good use in 
overhauling the equipmen,t and, as the local Anny Signals Section could ·not be 
located, the unit set to work to lay their own telephone lines. These were 
placed as far away from the town as possible, for the enemy had a habit of 
burning built-up areas to destroy communications. 

In the absence of instructions from any higher authority a drain under the 
main road was selected as an Operations Room, being the only protected, 
ready-built shelter within suitable distance of our aircraft dispersal points. 
Again ta.king matters into their own hands, the unit moved to :Magwe and set 
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. up with.in two miles north of the airfield. Two days later they were once 
again on the road to Lashio. The receiver vehicle sustained damage and 
.repairs were delayed due to heavy air raids. Eventually the unit, still intact, 
arrived at Maymyo only to find there was no accommodation available. The 
surrounding te1Tai.n was almost impossible country for R.D.F. operations, 
consisting as it did of mountain ranges running from north to south and 
separated by river valleys roughly two miles wide. Several days were spent 
in an exhaustive search for a suitable site, not only from a technical point of 
;.iew but from the point of view of accommodation for the crews, as the rains 
of the monsoon had started. To build housing was out of the question as the 
Works Services labour had deserted, and tbe type of rough shelter used by the 
occupying Chinese Sixth Army was primitive to a degree. The equipment 
was eventually set up near a private bungalow loaned by the Burma Oil 
Corporation and became operational on 17 April 1942. The site was poor and 
there was no means of obtaining test flights as there were no aircraft at Lashio 
airfield. The food situation became incr~asingly serious. No Service rations 
were available and supplies of certain articles from local sources were non­
existent. 

The Japanese army in the meantime were making two new drives northwards, 
one from the Southern Shan States towards Haipaw, and the other up the 
Salween.1 This situation required careful watching in view of the unit's 
valuable equipment, as the convoy on evacuation woul<l have to return to 
Lashio by a difficult road before it could reach the main North road, and mjght 
easily be cut off by advancing enemy troops. On 24 April 1942 WiT signals 
were intercepted from the N.C.O. in charge of a portable R.D.F. set sited in 
the Lashio basin that they were surrounded by enemy forces and no Allied 
troops were in the vicinity. The following day the Officer· Commanding, 
No. 517 C.O.L., drove into Lashio to review the position and wirelessed the unit 
to pack up and withdraw immediately. 

Great hardships and privation were endured on the journey towards the 
Chinese border. Personnel slept in the vehicles and food supplies were reduced 
_to a ration of oatmeal per man. On arrival at Wanting on the border, the town 
was so badly jammed with refugees and Chinese military traffic that the unit 
took the law into its own hands and crossed over into Chinese territory-a 
fortuitous decision, as Royal Air Force units who did not take such a serious 
'view of the situation remained and had to leave Burma the next day in a hurry 
,vjtbout their equipment. 

In these circumstances, accompanied by four vehicles of the portable unit 
(W6B2), No. 517 A.M.E.S. set out on its hazardous 600 miles joumey to Chengtu. 
Many adventures befell them on the way, food was terribly scarce and roads 
-in parts were non-existent. At one stage the party were halted by over­
hanging rock on a narrow path which ran high above the river. The tops of 
the built-up lorries had to be lopped off and jettisoned into the river and the 
rock blasted and hammered away before the convoy could force its way through. 
For three weeks during the worst of the monsoon season they.travelled non­
stop-and reached Chungki.ng, having been diverted from Chengtu, on 23 May 
1942. Here they found that the surrounding terrain was even more 
_disappointing from an R.D.F. point of view than the Lashio area had ·been. 
_The whole point of diverting No. 517 A.M.E.S. from Chengtu lay in the fact 
that the Chinese Air Force were not worried about long-range warning a5 this 
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was provided by the Chinese Observer system but required merely close-range 
ground control for . Fighter juterception. This changed the whoie situation as 
it was considered impossible to obtain all-round coverage without C.O.L. 
No. 517 bei11g sited on a peak in the mountain range. After some discussion 
it was decided that W6B2, the portable unit brought out of Burwa, should 
be brought to Chungking and installed on a mountain peak (which would be a 
relatively easy task for the lighter equipment) and No . 517 C.O.L. unit should 
make for Cbengtu.1 

Arriving at Chengtu, the unit found the usuaJ difficulty of lack of accommoda­
tion, shortage of food and difficulty in obtaining supplies for reconditioning of 
equipment. It is sjgnificant that the unit reached Chengtu on 29 May 1942, 
but by the beginning of Ju.ly 1942 the station was still not sited. The ground 
was not so difficult as previous. locations from the technical point of view 
but food, accommodation, rate of exchange, clothing, etc., formed a major 
problem-as did the suspicious attitude of the Chinese Air Force towards 
·something they did not quite understand. By 11 July 1942 it was pretty 
obvious to the unit that the Chinese Air Force were not going out of their way 
io be helpful. The only method left to stimulate them into full co-operation 
was to provoke the local Chinese Air Force authorities into witnessing a practical 
demonstration of Hie R.D.F. equipment and then see if "results" would 
produce a more favourable attitude . 

By this time the spares position was acute. The unit had not received any 
fwther supplies since the in.itia..l meagre issue in July 1941. The receiver 
cathode ray tube eventually gave out and it was proposed to conve~t the 
monitoring cathode ray tube from the transmitter ir.i,to use for the receiver, 
as it seemed hardly likely that spares wou.ld be forthcoming. On top of these 
major difficulhes, the Headquarters Unit, Royal Air Force in China, attempted 
to incorporate the unit as part of Headquarters-which was vastly irritating, 
considering the hardships with which the unit already had to contend. The 
long journey was beginning to t 11 on the technical condition of the equipment 
_and breakdown followed breakdown. Practically all the diesel oil that bad 
been brought from Burma was used up and still none was forthcoming as 
promised by the Chinese. Periodical rains saturated everything and no 
cover could be ·found for the equipment. Most trying of all to bear was the 
thought that but for the unsatisfactory technical position the unit might have 
proceeded to the fighting front to assist the United States Army Air Corps. 

There was no co-operation from the Chinese Air Force, and in tbe city itself 
there were several hostile incidents against the lorries belonging to the unit. 
Repeatedly the Officer Commanding asked for prior notice of aircraft flights 
in order to b1ing U1e unit on the air and check its performance, but no advance 
information was ever given. Finally on 13 August 1942, after a great deal 
of persuasion and diplomacy, a test flight took place and two officials of the 
Chinese Air Force were invited to witness the resu.lts. The flight actually 
failed in its specific purpose, i.e., to obtain suitable data for the station, as its 
course WqS decidedly erratic, varying from 20 to 60 degrees off the agreed 
bearing. Nevertheless it at least impres.c;ed the two Chinese officials to such 
a degree that they were finally convinced of the strange powers of this equip­
ment and of the mutual benefit that might be derived from closer co-operation · 
between A.M.E.S. No. 517 and the Chinese Air Force. 
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Unfortunately the Chinese Air Force was controlled by three co-equal gene1:als 
and tl1e only suitable site for the unit happened to come under the jurisdiction 
of the least friendly of the three. After many delays and setbacks, inevitable 
in a country prone to deali11g with aJI matters in a leisurely manner, it was 
finally arranged to train Chinese personnel in both Operators' and Mechanics' 
duties. Lectures and practical instruction were started on 11 January 1943, 
and on 28 April 1943 the equipment of C.O.L. No . SI 7 was handed over in its 
entirety to the Chinese Air Force. 

R.D.F. Position in the Far East at the Beginning of 1942 
The seriousness of the situation in the Far East was fully appreciated in the 
nited Kingdom. Despite the welter of R.D.F. requirements for Home, 

Allied, Dominion and Middle East theatres, plans were made to send additional 
R.D.F. units to the Far East as soon as possible in support of fighter aircraft 
then being diverted there.1 The full benefits of R.D.F. planning occasioned by 
the entry of the Japanese into the war had not been reaped so far 1n the Far 
East. The disastrous Malayan campaign had ended before many of the 
R.D.F. units intended for its support had arrived in the theatre of operations. 
Eight R.D.F. units were already en route by sea and fifteen more were expected 
to follow by the end of J an uary 1942. The Erst step was therefore to re­
allocate these in attempts to contain the Japanese within the already-existing 
land and sea fronts. 

Emergency Defensive R.D.F. Measures against further Japanese Aggressiou 

With the collapse of Hong Rong, Singapore, the Andaman Islands and 
Mandalay, all between 25 December 1941 and 1 May 1942, Air Headquarters, 
Far East, ceased to exist and Air Headquarters, India, took over command. 
The few R.D.F. personnel who had managed to escape the Malayan debacle 
were withdrawn to Ind1a and a.nits and equipment in transit were diverted 
where they could be saved, and sent to India and Ceylon. 

Allocations were hastily made for supplying R.D.F. as quickly as possible 
to the remaining bulwarks against further Japanese expansion . By the late 
spring of 1942 the situation could be summarised as follows :- 2 

India.-On the l March 1942, one M.R.U. was at last in transit for 
Calcutta. Three A.C.O.s, four M.R.U./T.R.U.s, eight C.O.L.s and two 
G.C.I.s had been allocated and were awaiting despatch for dispersal jn 

India. 
Ceylon,.-Two CD/CHL.s were on site in Trincomalee at Chapel Hill 

and Kodipotuma1ai Hill and five M.R U./T.R.U.s) . six C.O.L.s and one 
G.C.I. were in transit with a further G .. I. having been allocated. Three 
of these sets had been diverted from the Middle East. 

Australia.-Two CD/CHL.s for Port Darwin and Sydney were in transit 
accompanied by five C.O.L.s to form the nucleus of an Australian pool. 
Two A.C.O.s, six C.O.L.s and a G.C.I. were allocated and were awaiting 
despatch. 

New Zealand.- Two A.C.O.s were on their way to New Zealand and five 
C.O.L.s were allocated and awaiting despatch. 

------ - - - -
1 A.H.B. /IIJ/50/24/5, "R.D.F,-Far East (including Anzac)" D. of Ops. (Overseas) 

F _Q,S. Folder G.D .S., Encl. 48A. 
2 A.H.B./IIE/70, D.D. Ops (Overseas) Folder, Encl. 99A., 

214 



There were many lessons to be learned from the failure to resist the Japanese 
attack on Burma and Malaya-and particularly the loss of the key-port of the 
Far East, Singapore, on the defence oi which considerable expenditure had 
occurred. As far as the R.D.F. raid reporting organisation was concerned, 
perhaps t'he chief lesson to be pressed home was that although the individual 
R.D.F. units and the Maintenance Unit locally had functioned extremely well 
under the most adverse conditions, Singapore was so far away from the supply 
bases in the United Kingdom that it had largely to depend in wartime on its 
own local resources.1 These should have been backed up by technical 
informat ion and drawings sent from the United Ringdom and by extensive 
provision of workshop facilities, skilled tradesmen, mechanical transport and 
wide local purchase powei:s. Much could have been accomplished locally if 
these facilities had been available. In their absence, and more particularly 
while ·rigid contract procedure was demanded in dealing with local sources of 
supply, the stranglehold was s uch that little or no effective progress could be 
ma.de. It is interesting to conjecture whether the situation would have been 
any easier if Malaya had been administered from Australia during the initial 
phase of the war. 

The serious setback of the Japanese successes in the Far East, coming as 
they did when the Germans were at the peak of their territorial gains in Europe 
and the Middle East, clearly indicated that the rnad back for the Allied forces 
in the Far East was to be a hard one. From the R.D.F . point of view a build-up 
of mobile units and equipment, all to be shipped over more than ten thousand 
miles from the United Kingdom, was the first essential. These units were 
necessary not only to strengthen the existing defensive raid reporting systems 
but also to prepare for the day when our forces would assail the areas then 
occupied by the enemy. The story of this build-up under, what became South 
East Asia Command (S.E.A.C.) is Written in a later chapter of ~his volume. 

1 R.1. and M.U., Seleta.r O.R.B., December 1941. 
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CHAPTER 14 

ENEMY COUNTER~MEASURES AGAINST THE HOME CHAIN 
R.D.F. RAID REPORTING SYSTEM 

During the first year of the War the enemy had been slow to realise the value 
to home defences of the R.D-F. Chain, although during August 1940 an attempt 
had been made by direct bombing attacks to strike a blow at the South coast 
R.D.F. statioris.1 Subsequent interrogation of high-ranking officers of the 
Ll,iftwajje showed that the enemy held the opinion that R.D.F. stations were 

·considered difficult targets to damage effectively by direct attack, especially 
in face of the opposition of Fighter Command. 2 

Nevertheless, direct attacks continued on a much-reduced scale. More 
than forty-seven such incidents wei;-e reported during the years 1942-1943, 
directed either in whole or in part against the RD.F. stations; three of these 
attacks were made on Swingate (Dover) by shell-fire across the English Channel, 
and this station received more attention from the enemy tban any other in 
the R.D.F. Chain.~ The aerial attacks were mainly concentrated on the East 
and South-East coasts, with a few on the South coast. One fatality was 
sustained at Bawdsey C.H. Station, but on the whole very little damage was 
done to technical installations and no station was put out of action as a result. 
More tJian eight enemy aircraft taking part in these raids were destroyed. 
Operations were carried ·out as usual through even the heaviest attacks. 

The alternative method which the enemy might employ of indirectly at tacking 
the Ho)'Tle Chain had not been ovedooked, namely, by attempting to render 
R.D.F. raid reporting impossible by the use of jamming transmissions on the 
frequency bands within which the R.D.F. stations functioned. Such a method, 
if successful, would have masked the observation of enemy aircraft on the 
cathode ray tube itself by blanket ing th " echoes " o:f the aircraft in some 
curve or pulses sweeping across the face of the tube. Fortunately the possibility 
of enemy jamming had been foreseen as far back as 1935 and considerable 
research and development had been done, with the result that the R.D,F. 
stations were not unprepared . An account of the preparatory work appears 
at Appendix )8. 

Spasmodic attempts had been made by the enemy to jam R.D.F. transmissions 
duri11g the Battle of Britain and had been continued a long experimental lines 
throughou t the 1941 period. Jamming before February 1942 was probably 
largely experimental 011 the enemy's part, as the periods of interference were 
very intermittent and the jamming rarely intense. Nevertheless , it is necessary 
to consider the earlier forms of jamming employed by the enemy in order to 
appreciate the degree of success achieved by his radio counter-measures. 

Frequency Modulated Continuous Wave Jamming 
The jamming first employed in 1940- 1941 against the C.H. statio11s was 

Frequency Modulated Continuous Wave (F.M.C.W.)-a continuous wave the 
frequency of which was not fixed but varied rapidly between definite limits. 

1 An account. of these attacks is given in Chapter 10. 
'These interrogations a.re described from the R.D,F. viewpoint in Chapter 10. 
'Headquarters, No. 60 Group, O.R.B. 
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For instance to jam an R.D.F. station working on a frequency oi 26·6 mega­
cycles per second the enemy transmission varied between about 26 · 2 to 
27 megacycles -per second about 200 times per second. On the cathode ray 
tube of the C.H. station, part of the trace was displaced into an inverted 
bell-shaped curve which moved along the trace from end to end, the " bell" 
on occasions reaching saturation.1 When the selectivity of the C.H. station 
receiver was increased, the bandwidth of the receiver, i .e., the range of 
frequencies to which it was sensitive, was correspondingly reduced, and for 
that purpose a switch was provided on the set which would automatically tune 
the receiver to either wide, medium or narrow bandwidth. When the receiver 
bandwidth wa5 reduced, the width of the'' bell" was correspondingly reduced, 
generally covering a distance of approximately 20 miles on the tube broe,base 
when narrow bandwidth was empJoyed . Scientific observers were sent to the 
R .D.F. stations at Great Bromley, Canewdon and Dover to make observations 
on this jamming. By the end of l940 all C.H. stations from Worth Matravers 
to West Beckham were experiencing regular F.M.C.W. from enemy jamming 
stations located in the Boulogne and C-?Jais areas, and from Holland.2 

C.H. stations were equ.ipped wjt.J, several devices designed to modify the 
effects of accidental interference and jamming, and these devices were as a 
rule effective either by cutting out the offending signal or minimising its effects 
so that opera lions were possible in at least a.modified form. The chief palliative 
was the Intermediate Frequency Rejector Unit (LF.R.U.) which was fitted in 
pairs to all C.H. receivers and which, used separately or together, was capable 
of cutting out a.. small frequency band. This was very effective .if the inter­
fering signal came within its range. The Intennediate Frequency Rejecter 
Unit could not , however, completely reduce the effects of F.M.C.W. as it 
was only capable of deaJ ing with one small frequency band at a time, whereas 
the jamming was sweeping continuously through a whole range of C.H. station 
frequencies. C.H.L. receivers were not at that time fitted with I.F.R.U.s 
though later in April 1942 a version foe C.H.L. stations was proposed and a 
prototype model was available on 24 June 1942.3 

In addition to the I.F.R.U.s and the Anti-Clutter Gnin Control (referred to 
in App. 59), C.H. stations were provided with special anti-jamming cathode 
ray tubes which had a long afterglow screen. This remained luminous for some 
time after the electron beam had moved off, thus enabling responses to be 
plotted through a heavy interfering signal. C.H. stations were also provided 
with a set of coloured filters to be placed in front of the tube and these were 
a considerable help in minimising interference, by separating the afterglow 
from the instantaneous trace on the tube. For instance, a yellow filter plat.;ed 
over the blue instantaneous trace on the tube would allow the afterglow to 
appear, but very little of the instantaneous trace. Aircraft echoes remained 
luminous on the screen for some seconds and so co1.tld be seen, but the jamming 
signal appearing on the instantaneous trace would be cut out or at any rate 
considerably reduced. Operators on the R.D.F. stations soon became used 
to F.M.C.W. jammi.:pg and skilled, experienced operators were generally able 
to pJot very satisfactorily through it. At first, then, the enemy's attempts at 
jamming had a "nuisance" v~lae only. 

1 Headquarters, No. 60 Group Fil.e 60G/S.742/Sigs., November 1940. 
~ Air Ministry File S.44H3, Encl. -!2B . 
3 Headquarters, No. 60 Group File 60G/50/11/ 1/Ops., Encl. 70A. 
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'Railings " Jamming 
A new and far more troublesome form of jamming had been first seen at 

the C.H. station, Great Bromley, in the autumn of 1940, though at the time 
it was not considered as such but was thought to be some fonn of accidental 
mterference.1 After an interval, however, it appeared at several South coast 
R.D.F. stations in May and June 1941. This was called "railings'' from its 
appearance on the tube, which consisted of a series of close pulses of equal 
amplitude sweeping across the whole time base. The pulses were about 
5 megacycles per second wide with a recurrence frequency of SO kilocycles 
per second and were not locked to the time-base or mains. The amplitude, 
though constant across the trace at any one moment, varied suddenly from 
time to time, from saturation to somethins- very smaJl.2 It was possible to 
plot through this jamming with the aid of an afterglow tube but its great 
drawback was that it tended to mask I.F.F. responses. On the C.H. stations 
the 1.F.R.U. was ineffective for this fom1 of jamming, though its effects were 
largely alleviated by the use of a wide bandwidth to give tbe narrowest possible 
interfering pulse, and a wide transmitter pulse to give larger responses. The 
C.H.L. stations had no remedy against " railings " and in consequence their 
operations suffered more than those of the C. H. stations from this type or 
jamming. 

Initial Organisation for the Investigation of Enemy Jamming 
On 3 October 1940 Air :Ministry Research Establishment suggested the 

formation of a specialised body of experts to deal with the whole question of 
jamming, and this work was therefore undertaken by scientists of the Tele­
communications Research Establishment.3 A mobile jamming van, in charge 
of a scientific officer, was prepared so that it could be rushed immediately to 
areas where jamming was being experienced. By the middle of November 
1940, however, most of the jamming ceased temporarily. When it began again 
in March 1941 the mobile var.i was already installed at Stoke Holy Cross R.D.F. 
Station in Norfolk, where it investigated jamming signals coming from the 

· Dutch coast. The van was moved to the C.H. station at Dunkirk on 11 J anuary 
1942 and did valuable work in investigating jamming whilst it was still in 
progress, a-s a result of information passed to it by stations affected. 

Before the investigation. into this jamming was complete the enemy resorted 
to its emp.loyment on a scale never before experienced. This was in his attempt 
to cover that most important operational incident of February 1942- the 
escape of the enemy warships Scharnhorst, Gneise'nait and Prinz E-ugen through 
the English Channel from the French port of Brest. During the war, secrecy 

·restrictions precluded a full public disclosure of the details of this event, leading 
toa popular rumour that theR.D.F. system had.failed. It is therefore expedient 
lo conside,: this incident in relation to effect of jamming on the efficiency of 
the Home Chain at that time. 

'fbe Home Chain and the Escape of the Enemy Warships "Scharuhorst," 
" Gneisenau " and "Prinz Eugen '' 

It will be recalled that the Scharnhorst and Gneisenaii had been cooped up 
at Brest from March 1941, being joined in May of the same year by the Pri·nz 
t'1{gen after -the sinking of her consort, the Bismarck. During this time the 

1 Air Ministry File S.44413, Encl. 77B. 
1 Headquarters, No. 60 Group, File 60G/S.742/Sigs. 
• Air Ministry File S.44413, Encls. 59A, 84A and 114B. 
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battle cruisers had been bombed repeatedly and heavily by the Royal Air 
Force, and though damage was inflicted, none of the ships was destroyed. 
Early in 1942 a reconnaissance aircraft revealed tllat the three ships were 
apparently again seaworthy and reports indicated that they were preparing 
to leave the port for Germany, where they would be in a safer and more distant 
harbotfrage.1 

This in fact they did on the night of 11 February 1942, slipping out of 
harbour about 2200 hours and escaping detection at the time through the 
unfortunate breakdown of the A.S. V. equipment on the aircraft patrolling the 
area. This airc::raft had been forced to return to base pending the despatch of 
a relief, and it was during this short interval that the ships actually left Brest. 
By bold tactics the ships succeeded in pass.ing up the English Channel and 
getting through the narrow waters of the Strait of Dover, despite R.D.F. 
observation, before being engaged in action by British forces, and finally they 
reached port in Germany. 

I t was not until 1230 hours on 12 February that contact was made wjth 
the enemy. The story of the pursuit and the battle which ensued, in which 
both the Royal Navy and the Royal Air Force played a gallant part, is not 
one for this chapter, but is dealt with fully elsewhere in the Naval accounts 
of the engagement and in Royal Air Force operational narratives . 

.Enemy Attempts to Bliucl our R.D.F. Stations by Jamming 
The outstanding features of the day, as far as the R.D.F. stations were 

concerned, was the use by the enemy of measure!? designed to jam the stations.2 

Deliberate jamming by the enemy was no new thing, and had been used in 
a <;:rude foon on occasions to mask offensive aerial action by the enemy, but 
this was the first occasion on which all stations in a certain area were deliberately 
jammed for any length of time. Enemy jamming on 12 February lasted 
from approximately 0930 to 1930 hours and affected to a lesser or greater degree 
all types of R.D.F. stations except those working on the higher frequencies of 
600 and 3,000 megacycles per second. Frequency-Modulated Continuous Wave 
Jamming was employed oy the enemy, and was of a more severe- type than 
had preyiously been experienced, being particularly severe against C.H.L. 
stations. 

Jamming of Hom,e Cha-in Stut.ions 
With the exception of Newchurch C.H. Station, the operating efficiency of 

the C.H. stations generally was not greatly impaired. Stations between North 
Foreland and Beachy Head were jammed on two bands about 1 megacycle 
per second wide on approximately 22 ·6 and 26·8 megacycles per second: 
Newchurch was singled out for particular attention by the enemy and had 
a special jamrner working on 27·7 megacycles per second. The interference 
here was sufficiently severe to cause the station to become non-effective between 
1200 hours and 1930 hours, although it did operate eventually to some extent 
at a much reduced efficiency by detuning the C.H. station receiver.3 At a 
meeting held in Air Ministry on 23 February, when the whole question of the 
jamming of R.D.F. stations on 12 February was considered, it was decided 
that the existing anti-jamming facilities on a C.H. station were sufficient to 

1 A.H.B./IlK/ lS/7, Battle Summary No. I l. " The Passage of the Scharnhorse, Gneisenau 
and Pri·nz Euge,1 through the English Channel, 12 February 1942,'' C.B. 3081 (7). 

2 A."J:f.B./JIK/7, "Evidence and Report of the Board of Enquiry." 
3 No. '15 Wing, O.R.B., 12 February 1942. 
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deal with the crude type of jamming and the low power employed on this 
occasion by the enemy, although it was stressed that jf the enemy improved 
the type and extent. of jamming in future the relief afforded by existing measures 
would be less, l 

Jamming of C.H.L. Stations 
The C.H.L. stations were affected in a varying degree from Bawdsey to 

Beachy 1-Iead by jamming on a frequency band of 190-210 megacycles per 
second using I microsecond pulses at a repetition rate of 150 kilocycles per 
second, fully amplitude-modulated at 100 megacycles per second. Swingate 
C.H.L. Station was completely blotted out, as were the C.D./C.H.L. stations 
between Foreness and Beachy Head, whilst the C.II.L. stations between these 
two points could not p lot along the French coast within fifteen miles of Cap 
Gris Nez. The pulses were lengthened to 3 microseconds by the narrow band 
radio-frequency amplifier of the C.H.L. receiver equipment and this affected 
both the Range and the Plan Position Indicator cathode ray tubes. Naval 
Type 271 stations, working on the 3,000 megacycles per second frequency, 
were unaffecled. In most cases the jamming began intermittently around 
0930 hours, varying in intensity from a very slight disturbance to saturation 
point, but it was not until about 1000 hours that it became really serious 
and continuous. 

R.D.F. Information on the Enemy Ships and Escortiug Aircraft 
Despite the care with which the Germans had prepared their jamming 

programme, the enemy force did not go unobserved by our R.D.F. stations. 
The first recorded plots on enemy activity came from the C.H.L. ·s tation at 
Beachy Head at 0824 hours, when it began plotting on hostile aircraft off the 
French coast. A report to t his effect, with a statement that the aircraft d id 
not seem to be moving very mucb but were circling all the time, was made to 
Filter Room at Headquarters, Fighter Command immediately, via the C.H. 
station at Pevensey, as the C.H .L. station itself did not then possess a direct 
telephone tie-line to the Filter Room. These plots were at a bearing which, 
when worked out later, showed them to have been the umbrella of enemy 
aircraft over the battleships. 

Interference at this station began at 0920 though it was able to pass a few 
further plots on the same aircraft. Later it appeared to the Radio Operator 
observing at the cathode ray tube i:hat there was a shipping response associated 
with the aircraft, and at 1014 and 1016 hours respectively two plots were passed 
from two different responses, reported as being three ships each, at ranges of 
44 and 46 miles. Instructions were given for these shipping plots to be passed 
to the Naval Plotting Room at Dover at 1014 hours, but unfortunateiy due to 
trouble on the telephone line this could not be done. The information was, 
however, passed by another telephone line to the corresponding Plotting Room 
at Portsmouth at 1019 hours with a request that it be passed on by them to 
Dover. At the same time it was reported via Pevensey C.H. Station to the 
Filter Room that si,x vessels were af that spot. Dover Naval authorities were 
eventually contacted by Beachy Head C.H.L. Station at 1040 hours and a 
repetition of the same shipping plots was passed. 

Up to the time-1014 hours-when the shipping responses were seen, the 
inter{erence had been slight, but from then on it became much more severe and 

1 Air Ministry File S.6412, E ncl. 99A.. 
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continuous until the cathode ray tube was completely blotted out, farther 
plotting being impossible. The shipping responses were on the tube for 
approximately five minutes. Pevensey were informed at 1016 hours that the 
interference was Frequency-Modulated Continuous Wave and was now 
permanent and were requested to pass this information to Filter Room . 

The R.D.F . station at Bembridge later plotted several hostile aircraft at 
a range from them of 120 miles, the tracks be.ing ploHed for 190 miles, and 
Fairlight R.D.F. Station also plotted hostile formations of aircraft in the 
Channel 15 miles west of Le Touquet, just before these stations experienced 
interference.l Fwm 1015 hours Fairlight Station reported great activity in 
the Channel and hostile aircraft were plotted continuously till after 1140 hours. 
Thirty-two tracks were plotted by the station in this period, despite heavy 
interference. 

Capel, Type 271, Station picked up a track at 1054 hours at a range of 
35 nautical miles (40 land miles} which was plotted for two hours and fifty 
minutes to a range of 52 land miles, this being claimed as a record range Oil 

surface crait for a station o1 this type. The track was estimated as consisting 
of 20 plus surface craft. 

At 1045 hours Fairlight, Type 271, Station observed a plot 27 miles S.W. of 
Cap Gris Nez. No details as to size and number of vessels could at first be xnade 
out, but as 1it was a very long-range plot and the first indication from any source 
of shipping in that area which 11e had then received, the Air Staff Officer 
attached to Vice-Admiral, Dover, "wisely warned'' both No . 16 Group of 
Coastal Command and No. 11 Fighter Group, in addition to impressing on the 
latter the necessity for another " Jim Crow " report.2· " Jim Crows " were 
reconnaissance aircraft from Fighter Command sent out to investigate specific 
areas or targets about which further or confirmatory information was required. 
These reconnaissances 11ad a rigidly observed rule which ensured that absolute 
wireless silence was kept in the air, so that any reports had to be made verbally 
immediately the aircraft landed on return to base. At 1105 hours the " Jim 
Crow" report was received by Vice-Admiral Ramsay at Dover, which stated 
that the long-range snipping plot consisted of from twenty-five to thirty vessels, 
small destroyers or sloops, wjth E - or R ~boats, in two groups, one of the latter 
appearing to be making smoke. No mention was made of the three battle 
cruisers by name. 

In the meantime, Group Captain Beamish arid Wing Commander Boyd, the 
Officer Commanding and second-in-command respectively of Kenley (Fighter) 
Royal Air Force Station had, in the course of an offensive fight-er sweep south of 
Boulogne unconnected with shipping reconnaissance, attacked two !l{esserschmill , 
aircraft, and in t he pursuit which fo11owed they found themselves flying 
immediately over the German ships, wbicb they recognised. In accordance 
with the rule for observing wireless silence, Group Captain Beamish returned 
at once to his base, landing al 1109 hours. His report was immediately 
transmitted through No. 11 Group to Fighter Command and to all other 
authorities concerned. This message wa~ the first really definite indication 
that the three battleships were actually in the Channel, and consequent on this 
information all possible steps were taken by all three Services to make contact 
with the enemy forces. 

1 No. 75 Wing, O.R.B., 12 February 1942. 
2 A.H.B./IlK/18/7, Ba ttle Summary No. 11 , pp. 8 and 9. 
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Investigation by the Board of Enquiry 
A full enquiry into the whole circumstances of the escape of the three battle­

ships was undertaken by a Board of Enquiry under the chairmanship of the 
Hon. Mr. Justice Bucknill.1 In its report it was confirmed that the R.D.F. 
plots had clearly indicated aircraft circling in a. small area and later, indications 
of shipping had appeared. The R.D.F. stations had functioned satisfactorily 
despite the enemy jamming. The significance of the plots was not recognised 
immediately as such plots were common in the area concerned-the Germans 
had intentionally carried out exercises over Brittany for several days. No 
particular significance would normally have been attached to these plots as they 
were outside the area of day-to-day fighter interceptions. Had these p lots been 
investigated, however, as soon as their character came under suspicion, it was 
possible that the enemy warships would have been sighted an appreciable time 
~arlier than they were. 

Besides the R.D.F. plots, another indication that something unusual was 
afoot was the intense jamming by the enemy of the R.D.F. Chain. The 
significance of this jamming was missed initially because the Germans employed 
it intermittently at first and the R.D.F. stations reported it as " interference." 
It was only after the first hour that action was taken by the Filter Room staff, 
the " interference" reported then being recognised as deliberate jamming. 

German Impressions of the Success of Jamming 
A few days prior to the passage of the warships through the Channel, Dr. Scholz, 

a civilian employee of the Reichpost Zentrole in charge of radio counter-measures, 
was specially brought from Berlin to supervise this first hig operation of their 
whole jamming chain against British R.D.F. ground stations. The R.D.F. 
cover of the C.H. and C.H.L. stations had been carefully plotted by the enemy 
and it was ascertained that the sbips would come within their range as they 
passed off Fecamp, where they were scheduled to be at 10 a.m. At that hour 
every available jammer was switched on. The fact that the battleships passed 
through unscathed was, in the opinion of Dr. Scholz when interrogated, the 
best proof of the effectiveness of German counter-measures. He was not aware 
that we had either decimetre or centimetre R.D.F. in operation at this time. 

Summary of the Part played by R.D.F. Stations during the Escape 
For full details of the Royal Air Force activities in the belated attempts to 

stop the German force escaping, the reader will have recourse to the findings of 
the Board of Enquiry which investigated tl1e whole episode. From the Signals 
viewpoint, it is apparent that the R.D.F. stations themselves could not have 
done more in the circumstances to enable earlier detection to have been made. 
The jamming experienced undoubtedly hampered o_perations considerably, but 
valuable information was given by the Chain stations in spite of this disability. 
It is doubtful whether much earlier warning could have been given of the ships 
themselves, as they were at very long r ange from the stations-and their prqtective 
aircraft '_'umbrella" circled over them as low as possible in order to escape 
detection by R.D.F . Every :sfation in the area appeared to have passed promptly 
all the information it possibly could. No blame could be attached to the 
R.D.F. stations- they had functfoned, well, despite the most effective jamming 

1 A.H.B.nIK/7, "Evidence and Report of the Board of Enquiry," Finding and Summary 
from p. 5. 
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the Germans had yet produced. The main trouble appears to have been a lack 
of liaison and the failure of the Inter-Ser vice organisation, in that insufficient 
use of the information available was made at the time, and insufficient attention 
was paid to t he fact that steadily-increasing interference was being reported · 
by so many stations. It did not appear to be realised immediately that the 
trouble had a much deeper significance than mere spasmodic interference and 
that it was, in fact, deliberate jamming by the enemy designed to mask important 
operations. 

The whole episode most be regarded as a triumph for the German organisation, 
and to some degree it ventilated what had always been a defect in our use of 
the Home Chain system-namely, t'hat maximum advantage was not alv,,ays 
taken of the R.D.F. information available. There is no doubt that the incident 
provided adequate stimulus for the eradication of minor defects in the 
organisation and improvement in inter-Service liaison. 

Emergency AJternative Higher Frequency Equipmeot for use to Counter Jamming 

Subsequent scientific investigation of the jamming experienced during the 
escape of the enemy battleships through the English Channel showed tbat the 
principal jammer stations used on this occasions by the enemy were in a chain 
along the whole French Channel coast.1 There was every reason to anticipate 
an increase in jamming activity to mask enemy operations. Accordingly at a 
meeting held at Air Ministry on 23 February 1942 to discuss proposals for 
counteracting jamming of R.D.F. stations it was decided to install emergency 
R.D.F. equipment working on higher frequencies at the more important C.H.L. 
stations, only to be brought into use when jamming rendered the 200 megacycles 
per second frequency band staJions unserviceable. 2 The higher frequency 
band selected was 500-600 megacycles per second. This was the German 
R.D.F. frequency band, so there was Jess likelihood that the enemy would 
resort to jamming on this band. 

On 29 April 1942, three mobiJe Type 11 sets on the new waveband, and 
1.1.Sing vertically polarised waves, were installed at Beachy Head, Swingate and 
North Foreland.3 By the end of 1942 three more were established at Foreness, 
Ventnor and Truleigh Hill. The Type 11 sets, however, provided for plan 
position location only and a comparable equipment was therefore needed (with 
the same anti-jamming properties as the Type 11) which could be used for 
height detennination. Consequently a decision· was made io produce a 
500-600 megacycles per second frequency-band equipment (Decimetre Height 
or D.M.H.) for use with the Type 1 I , Mark II, set, which would be designed to 
work over the same variable frequency band as the Type 1 l equipment, namely 
500- 600 megacycles per second. The purpose of having variable frequency 
equipment was to enable station technical officers to change the frequency of 
operation of the station (according to pre-arranged spot-frequencies) in order to 
attempt to avoid the jarnming.4 

Reorganisation of Jamming Investigations 

Until July 1942 the work of investigating jamming and of testing counter­
measures had been one part only of the many duties undertaken by the research 
staff at Telecommunications Research Establishment, but the volume of work 
increased so much that it was decided a larger staff for this special purpose was 

1 A.H.B./IIE/209, Air Ministry Signals Branch Folder R.C.M./141, Enols. 2A. and 7A. 
~ Air Ministry File S.6412, Encl. 99A. 3 Air Ministry File C.S. 16601 , Encl. 19,,. 

• Headquarters, A.D.C.B. S.30806, 18 September 1942. 
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essential if adequate con trol was to be maintained over the investigation of 
jamming and the testing of anti-jamming measures. Accordingly a special 
unit lmown as " Central J. Watch '' was established on 4 J uly 1942, with a 
specially trained staff under the command of a Squadron Leader. It was 
stationed at Telecommunications Research Establishment but came under the 
operational control of Headquarters No. 60 Group. Later, special sub-sections 
were stationed at the C.H. stations of Ringstead, Dunkirk (later moved to 
Dover Hill) and Stoke Holy Cross, each being responsible for special investi­
gations into jamm1ng at the R.D.F. Stations in their area. - T hese sub-sections 
covered all the areas where enemy jamming had been experienced ; stations in 
other districts would if necessary report direct to Central J. Watch .1 R.D.F. 
stations bad very strict instructions to report all cases of jamming or suspected 
jamming immediately to the nearest J. Watch giving all details possible. 
Telephoned reports in accordance with a pre-arranged code were made, using 
a "Priority One " call if an open telephone line had to be used.2 These 
telephoned reports were followed up the same or next day by written detailed 
reports to Central J. Watch, giving additional details and accompanied where 
possible by sketches or photographs. In this way J. Watch knew the moment 
the enemy started jamming and were generally able to observe its effects for 
themselves by tuning their specially devised sets to the frequencies of the 
stations affected, and so were able to co-ord inate results reported by the various 
stations. Stations also reported immediately to Filter R oom whenever inter­
ference was experienced , whether this was accidental, suspected, or of proved 
enemy origin. 

In addition to collecting all possible jnformation on jamming, collating 
measures designed to combat it, and doing research into further methods of 
anti-jamming, J. Watch were responsible for training operators at R.D.F. 
stations to recognise and overcome enemy jamming. T his was done by means 
of lectures and demonstrations, and the t raining proved very valuable. 

In December 1942 it was decided that a.n anti-jamming unit would be formed 
m No. 80 (Signals) Wing, the Royal Air Force formation in charge of radio 
counter-measures against the enemy, and accorrungly the functions of 
J. Wa,tch were transferred from Telecommunications Research Establishment 
and No. 60 Group to No. 80 Wing on 5 February 1943.8 In order to provide 
mobile jamming units for ultimate employment in the Allied Expeditionary 
Air Forces, four J. Watch Un its at No. 80 Wing were disbanded on 15 May I 944, 
all surplus personnel being transferred to No. 60 Group. This Headquarters 
thus resumed its old responsibility for the j.Qvestigation of enemy jamming 
of the Rome Chain, The J. Watch static stations in No. 60 Group were .finally 
closed on I January 1945, with just a nucleus maintained at No. 60 Group, 
equipped with a mobile van available for analysis should tne need arise. 

Jamming during 1942 and 1943 
The increased enemy aerial activity in the spring of 1942 brought a return 

of jamming, more particularly affecting the C.H.L. stations. This was generally 
F.M.C.W. on tne C.H. stations and a mixture of F.M.C.W., "railings," and 
other pulsed transmissions on the C.H.L. stations. On 18 and 19 March all 

'Headquarters, No, 60 Group, O. R.B. 
t Tb.e highest G.P.O. pdority for Se,·vice purposes at this time-tantamount to h~ving a 

telephone line cle;i.red an<.l made available for the call immediately. 
3 Air ~inistTy File C.S. 6412, Encl. J 93,;, and No. 60 G,:oup O.R.B. 
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C.H.L. stations between Wal-ton and Beachy Head were fairly heavily jammed 
though operations were still possible.1 This continued intermittently until 
June 1942, when, from the 21st of the month, jamming again became very 
heavy, from Hopton in Norfolk round to Ringstead in Hampshire, being 
particularly heavy in the area round the Strait of Dover. Here it was 
sufficiently serious to render a ·number of stations non-operational for some two 
hours. The C.H. stations were affected to a lesser degree than the C.H.L. 
stations; in some cases G.C.1. (Ground Controlled Interception) stations were 
also affected. This jamming corresponded with enemy attacks made during 
moonlight nights on Southampton (21/22 June), Birmingham (24/25), 
Norwich (26/27) and Weston-super-Mare (27/28/29). The jamming continued 
from July to about November, again the C.H .L. stations suffering most.2 

The jamming interference generally came on at night and nearly always 
coincided with a period of heavy enemy bomber activity, although sometimes 
it appeared that the enemy was using it to mask our own offensive bombing 
operations. Wbitstable C.H.L. station ex-perienced very heavy enemy jamming 
between 1648 hours on 31 October and 0245 hours on 1 November during 
which period there was considerable enemy activity around Canterbury and 
district. A :fighter-bomber raid in the late afternoon was followed by two 
bomber raids at night, about twenty-six enemy aircraft being involved in the 
latter raids. 

The onset of wu1tei; bro\lght a welcome relief from the enemy's jamming 
activities, but it again came into operation on 17 January 1943, with the 
obvious intention of covering an attack on London.3 This was the enemy's 
first night of intensive raiding for nearly six: months, with the exception of 
the Canterbury rajds ot 31 October/I November 1942, and was a reprisal for 
a heavy British raid the previous night on Bedin.4 About seventy-five long­
range bombers, fl:yjng in two waves, set out to attack London, whilst another 
fifteen or so laid mines in the Thames Estuary; about thirty aircraft succeeded 
in getting through to the capital and eight enemy aircraft were destroyed. On 
this occasion the C.H. stations were not badly affected, except for Swingate. 
This was operational on its "Buried Reserve" equipment, which lacked 
anti-jamming devices, and raid reporting operations were in consequence much 
hindered. The C.H.L. stations, however, from Walton to Bembridge were 
much more seriously jammed, the effects increasing around the Strait of 
Dover area. Generally, stations working on 200 megacycles per second 
frequency band were completely blotted out when looking in the Calais-Boulogne 
a.rea. G.C.I. stations nearest the Continent were not seriously jammed, but 
their operations were restricted. Swingate C.H. Station was also seriously 
jammed again on the next day, and during this period, between 1955 and 
2030 hours, the station itself was attacked by six enemy aircraft dropping 
incendiaries and H.E. bombs. Two Army personnel were injured by an 
explosive incendiary bomb. 

Types of Jamming Employed 
All types of station were jammed with the sole exception of those working 

on decimetre or centimetre waves. C.H. stations were mostly jammed -by 
F.M.C.W., although "railings" was used in foe early part of 1942. Later 
other forms of pulsed transmission were tried by the enemy. One, of these 

1 No. 60 Group and No. 75 Wing, O.R.B.s. 
~Headquarters.Fighter Com,-nand, O.R.B. 3 Air Ministry File S.6412, Encl. 190A. 
• Headquarters, Fighter Command, O.R.B., Intelligence Summary No. 376. · 
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was called " Road Drill " (from its sound when monitored in the loud-speaker) 
and it came into use in April 1942, gr.a.dually replacing '' railings."1 Its 
appearance on the cathode ray tube was of evenly-spaced pulses spread right 
across the time base. The signals persisted for 4 milliseconds in every 20 milli­
seconds and then slowly drifted off the time-base. Another form was known 
as "Spaced Pulses." Of these, "railings" was by far the most troublesome. 
After November 1942 most pulse transmissions ceased against the C.H. stations 
and only F .M.C.W. was used. 

On the 157- 236 megacycles per second frequency band (covering Mark III 
I.F.F., A.I., A.S.V., C.H.L., G.C.I., Light Warning and Oboe installations) 
other types of modulation were used, in addition to the jamming experienced 
by the C.H. stations. The signals usually contained low frequency and high 
frequency amplitude modulations-frequency modulation often being present 
also. During a typical jamming period on this frequency band some twelve 
to fifteen enemy transmitters were active, the calculated number available in 
the Calais-Boulogne area being about twenty-four. The transmissions were 
either horizontally or vertically polarised. 

Some C.H .L. stations had special modifications to the receivers installed 
which permit ted improvement to the I.F.R.U., although it was noted in some 
instances that the r~lief afforded by the wider bandwidth of the new Inter­
mediate Frequency Unit was partially annulled by a reduction in signal/noise 
ratio. This was overcome at Beachy Head C.H.L. Station by fitting both 
units to the receiver with a change-over switch, so that wide bandwidth could 
be brought into use. C.H.L. stations were being issued as rapidly as possible 
with anti-jamming cathode ray tubes and filters, and variable bandwidth 
devices were gradually being installed in the equipment. The new C.H.L. 
station I.F.R.U.s were being gradually fitted from the spring of 1943. 

Much time and thought was devotee) in 1943 to anti-jamming measures for 
the C.H.L./G.C.I. stations, but the full results of this poLicy were not seen till 
the following year. The main measures tested were Pulse Width Discriminators 
and a Rejector Unit, Type 7. Experimental equipment was installed at 
Sandwich, Swingate and North Foreland Stations, giving satisfactory results. 
From the summer of 1943 the C.H.L. stations, which had previously worked 
on a uniform frequency of 200 megacycles per second, were staggered on the 
two frequencies 200 and 193 megacycles per second for the whole of the Southern 
area of England between Bempton anc\ Kete.2 It was thought that by this 
means the enemy would have to double his transmitters if he wished effectively 
to jam all C.H.L. stations at the same time. 

" Window " Jamming 
A form of jamming had been developed by tl1e British as a counter-measure 

against German radar stations and was known by the code name "Window."3 

It consisted of thin strips of metallised. paper, cut to the wavelengths of the 
radar stations, and dropped from aircraft. These paper strjps gave a response 
on a ca,thode ray tube much like that of aircraft and proved very confusing, 
giving an appearance of several hundred aircraft. Amidst this confusion 
the tracks of the real aircraft we.re often able to escape detection. This form 
of counter-measure was first used by us with great success on 23 July 1943. 

' No. 75 Wing, O.R.B., and Air Ministry File C.S, 15041, Encl. 73A. 
• Air Ministry File S.3522. Encl. 24A. 
}Volutne VII gives a full account of" Window." 
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Not unnaturally, the enemy soon reciprocated with this method of producmg 
spurious '' echoes," and his fi rst attack with " Window '' jamming was made 
on 7 October 194,3.1 It caused slight. confusion at first, but was quickly 
recognised and operators were able to plot through it successfully. Fortunately, 
operators had been warned to look out for this type of jamming, so that they 
were prepared when it finaJly came. There was no knowu fonn of anti-jamming 
device to combat it, but skilful and experienced operators were soon able to 
plot successfully through it. The chief disadvantage was that it made the 
counting of aircraft diffi.cult and estimations of raid strengths were often 
unreliable in consequence. It is certainly true to say that at this time our 
efforts at jamming by "Window" caused far more frouble to the enemy than 
his caused to us. Nevertheless, it must be appreciated that the success of 
the Home Chain in continuing operations io face of " Window " was partly 
due to the fact that the enemy did not lay " Window '' with any degree of skill 
during these attacks. Had he made a real effort, operations of both control 
and raid reporting stations would have been greatly reduced. Within No. 60 
Group it was felt that " Window " remained a most serious menace to the 
grotlnd search R.D.F. system-an opinion which was to prove extremely 
accurate in the light of subsequent operations. 2 

Final Enemy Policy against Early Warning R.D.F. Stations 
During the last year of the War the Germans maintained their policy of 

countermeasures agajnst early warning metric R-D.F. by using ground jammers 
against our C,H. and C.H.L. stations during their bomber o·perations. They 
experimented with jammers in pecial aircraft, but decided that these were 
not so effective as th• ground jammers, because the frequencies on which 
R.D.F. Chain stations worked had to be constantly monitored and adjustments 
made to their transmitters to "folJow " our stations : the airborne jammers 
were therefore abandoned .3 

The newer higher frequency Chain stations (decimetre and centimetre stations) 
working on the ''beam" principle, had very narrow beams, so it was impossible 
to jam them effectively. Even up to the end of the war the enemy were 
experimenting vigorously in an attempt to improve their jamming technique. 

Although the enemy jamming proved effective on occasions against C.H.L. 
stations and partially effective against the C.H. stations, it was never capable 
of.crippling ,the Home Chain completely. The original Air Ministry decision, 
taken in February 1942, to increase the number oJ frequencies in use and 
expand the decimetre and centimetre chain proved the most useful ~ unter 
to enemy jamming effmts. Alternative frequency working of stations, together 
with the invu1nerability of the centimetre " beam " staJ:ions against jamming 
meant that the early warning system could survive the enemy's attacks. 
Technically the Germans were never perniitted to establish an appreciable lead 
over us in this jamming, though their efforts involved us in much inconvenience, 
research, and expense. 

1 The Germans used the code name" Ouppel" for "Window," a word with a similar 
pronunciation to the German word " d.ipol ,. (dipole), indicating the function of tbe metal 
strips. . 
_ ~ This was borne out during the operations in Italy during the early pan of J 944.. Details 

oi this are given in Chapter 2 1, "Ground Search Radar in the Mediterranean Campaign, 
September 1943- May 1945," u1 this volume. 

3 A.D.I.(K) Report No. 380, 1945, para. 49, 
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CHAPTER 15 

THE DEVELOPMENT OF LOW-LEVEL R.D.F. COVER 
AFTER 1941-C.H.L. STATIONS AND CENTIMETRIC 

WAVELENGTH OPERATIONS 

By the beginniog of l942 there were many indications that despite the 
undoubted strength of the Axis forces, the opposition was stiffening considerably. 
During January 1942 the United Nations' Anti-Axis Pact had been signed in 
Washington by twenty-six nations. Only one year previously, Brita:in and her 
Empire had stood alone and our Island had borne the entire weight of aerial 

-attack from the undivided forces of the Luftwaffe. Now, in 1942, the German 
Air Force was heavily involved on the Russian front and in the Middle East. 
As a direct consequence of this geographical dissipation of effort, the scale of 
the German aerial offen~ive against this country fell. The weight of bombs 
dropped on Britain during the entire year of 1942 was roughly only equivalent 
to one month 's bombing during the iotensive 1940-1941 winter blitz. 

Based on a s uperficial examination of the weight of bombs dropped and the 
numbers of enemy aircraft involved, it would appear that the R.D.F. Home 
Chain had fulfilled its major ta.5k before 1942. Nothing could be further from 
the truth. The enemy made every effort to obtain a h igher return from tbi 
reduced bomb tonnage-the raids were much more accurate and effective . In 
an attempt to achieve this, German pilots adopted tactics calculated to evade 
observation by R.D.F. The method which had given them most success in 
1941 had been to approach our coast, flying very low. The Home Chain 
during 1941 had been unable to give adequate cover against such wave-hopping 
raiders, though it will be recalled that developments were in progress to counter 
this weakness in the raid-reporting system.1 

The principal methods adopted may be summarised as :-
(a) An improvement in the C.H .L. Chain of stations, involving technical 

improvements , standardisation, and the completion of the Triple 
Setvice C.D./ .H.L. Chain. 

(b) The adaptation of C.H.L. stat ions on high towers in an attemp t to 
increase the range of detection on very low-flying aircraft. 

(c) By far the most important method-the development of a chain of 
centi metric R.D.F. stations. 

Although this narrative is concerned largely with the aircraft raid-reporting 
system, these low-cover R.D.F. stations also had the important role of surface­
watching, giving information on the movements of enemy shjpping in the 
English Channel and, very often, useful navigational information on the 
movement of our own shipping . Both the a,jrcran raid-reporting and surface­
watching roles of these stations are therefore dealt with in th is chapter. 

The C.H.L. Stations 
At the beginning of 194-2 there were sixty-nine C.H .L. stations in operation.al 

use around the coast of the British Isles, forty-four having hand-rotated aerial 
systems and t he remainder being automatically power-tumed. 2 A furth er 
thirty-six C.H.½- stations were pla.nhed to complete the low R.D.F. cover, and 
of these twenty-two were commissioned during the 1942-1943 period.3 

1 Chapter 11 of this volume discussed the measure taken to counter the low-flying niiders. 
• Air Ministry File C.S. 8 143/U, Encl. 21 A. · 
3 No. 60 Group, O .R,B. The locations o{ the C.H.L. stations constructed during 1942 and 

1943 arc given in Appendix No. 19. 
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It will be recalled that many oi the earlier C.H.L. stations had been constructed 
<luring the special "crash" programmes of 1940 and 1941. There had been 
a lack of standardisation about these stations. Three programmes involving 
major modifications to equipment were in progress at the end of 1941, and 
these alterations, completed early io 1942, were to bring tl1e older stations 
up to the latest type as far as technical efficiency was concerned, and also to 
standardise the equipment.l The modifications comprised chiefly :-

(a) The conversion of the older C.H.L. transmitters to the latest type 
(T.3056), giving both increased power and range. 

(b) The conversion of the separate transmitter and recejver aerial systems 
to a singlv common aerial array for both the transmitter and receiver. 

(c) The improvement of the aerial rotating systems. The aerial frame­
work and rotating mechanism had given some trouble and attempts 
were being made to increase aerial rotation speeds-a step considered 
to be essential for C.H.L. stations used for both normal raid reporting 
and for 1nterception purposes. 

C.H.L. Stations and Surface Reporting 
Within the limitations of their range, the C.H.L. stations gave valuable 

information on surface craft, both hostile and friendly, to the Naval authoriti,es. 
These shipping plots were passed directly to Naval Plot (or Control Room) 
and not to the Royal Air Force Filter Room. Som.e impression of the 
contribution made by the C.H.L. sta,tions in this work may be gained from 
a letter, dated 31 March 1942, frorn the Flag Officer-in-Charge at Liverpool to 
the Secretary of the Admiralty, in vvhich it was stated :-~ 

" Six C.H.L. stations are directly connected by telepho,n,e to Liverpool 
Plot, reporting half-hourly day and night. In the past two months the 
efficiency of surface craft plotting has improved to a very high standard 
from all C.I--I.L. stations and great keenness and interest are shown by the 
R.A.F. operators. 

"The value of C.H.L. information has been clearly indicated and in 
the past month, during which haze or foggy weather in the Irish Sea has 
persisted, navigational assistance has been given to no less than twelve 
convoys, outward and inward bound, and on three occasions it was possible 
that disasters were prevented by issuing warnings to the escorts. 

" Confidence in the Liverpool Plot on the part of the Commanding 
Officers of the Liverpool Local Escort Vessels has been established, and 
it has not been unusual for several requests to be made for positions 
during night passages rounding the Chicken Rock and making the North 
Channel. 

" During the week ending March 28th, phenomenal ranges were obtained ; 
in one case Prestatyn plotted a convoy at a range of 60 miles and was 
able to give an accurate number of ships at that range. All stations have 
rendered valuable assistance." 

Although C.H.L. stations on the west coast were able to offer so much useful 
assistance to the Navc1.J authorities , similar stations in the south-east of England 
were not always able to give the very full infom.mtion required by the Navy. 
In this area the almost incessant aircraft activity kept the C.H.L. stations 

1 Air Ministry File C.S. 8143/IT, Encl. 20A. 
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fully occupied and it was often impossible to do full justice to tbe different 
types of information Tequired by the Royal Air Force and the Royal Navy. 
However, the C.D./C.H.L. stations recently erected were taking over the Tr iple 
Service function from the C.H.L. stations in these vital areas. In addition the 
development of the centimetre equipment had progressed very favourably. 
Three Type 271 centimetre installations in the Army R.D.F. Chain together 
with the C.D./C.H.L. stations were able to take full responsibility for surface 
shipping in the Dover Naval Command by March 1942. It was laid down that, 
in future, reference by the Naval authorities to Royal Air Force .H.L. stations 
was only to be made in the event of emergency, though these stations mig-bt 
be required occasionally to check the presence of I.F.F. on responses picked 
np by the. cent imetre equipments.1 

C.H.L. Stalions a-nd Controlled Interception 

Where hostil e aerial activity was frequent over our South and East coasts 
there was an increasing demand made upon the C.H.L. stations for use in the 
controlled interception of enemy air raft. · With the increased speed of revolu­
tion of the continuous rotation of the aerial system instead of the older method 
of manually rotating or '' sweeping.'' very accurate continuous tracking of 
aircraft could be carried out. In consequence, some C.H.L. stations were used 
very successfully for interception purposes, and ceased to form part of the 
normal raid reporting chain. This aspect of their activity is dealt with more 
fully elsewhere in this history. 2 

C.H.L. Stations on Jligh Towers 
One method of obtaining adequate warning of the approach of wave-hopping 

aircraft which was being explored was the use of C.H.L. stations on high towers, 
and towards the end of 1941 a decision had been taken to erect C.H.L. equip­
ment on a 200-foot tower at H umberston as a prototype.3 If this station 
proved successful, plans existed for further tower stations at We t Beckham, 
Drone Hill, Happisburgh, Hopton, Dunwich, Cresswell and Bamburgh- all at 
sites selected because of the incidence of very low-flying raids in their areas. 

The prototype C.H.L. (T) station at Humberston was operational during 
December 1941. A provisional report issued at. the end of the year stated 
that it had been on the air since 10 December 1941. Activity since then had 
been slight and the assessment of very low-flying cover provided was not easy 
in consequence. The longest range then plotted over the sea was 143 miles. 
A theoretical performance char t then drawn gave the following pick-up 
ranges :-4 

500 feet 
1,000 feet 
2,000 feet 
4,000 feet 

10,000 feet 

32 miles. 
45 miles. 
60 miles. 
77 miles. 

110 miles. 

These figures were, however, thought to be on the conservative side as U1e only 
information so far obtained was on limited activity, although some confirmation 
of these values was obtained by plots on a convoy at 30 miles and a pick.up 

1 Air Ministry File S.3864/11, Encl. 140A. 
3 Air .¾inistry File S.4039, Encl. 30A. 
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of 60 miles on an incoming bomber flying at 3,000 feet. Operations were 
rather erratic at first , but this was probably due to inexperience on the part 
of the operators, as Inter it was found that direction-finding was as good as, 
if not better than, that of other C.H.L. stations in the area. Direction-finding 
was found to be acc'urate at all bearings up to 60 miles. Test runs had not 
up to then been possible owing to prolonged unfavourable weather conditions. 

Headquarters, No. 60 Group, summarised the findings to date at Humber­
ston by stating that it did not appear possible to provide the ideal operational 
requirements under 1.he high windage conditions which were likely to be 
experienced with power-turned C.H.L. stations on towers.1 It was considered 
however, that th.e additional coverage obtained by the extra 200 feet ou tweighed 
any limitations and that if power-turning gear could be: operated in wind speeds 
up to 65 rniles an hour, and if the rate of sweep could be controllable from 
2 to 6 revolutions per minute under normal conditions, then erection of similar 
installations should proceed. 

The desirability of being able to switch over instantaneously from the tower 
aerial on the new equipment to the ordinary 20-foot gantry aerial on the old 
equipment as a form of gap-filling became a subject of discussion. Fighter 
Command, io a letter to Air Ministry dated 28 January 1942, stated that 
though rapid switching facilities would be an attractive proposition, the primary 
operational role of the tower stations should not be allowed to suffer for the 
purpose of providing additional high-flying cover.~ It was feared that this 
might be the case if the operator was able to switch rapidly from one aerial 
system to the other, owing to the danger ot missing low~ftying aircraft when 
usjng the gantry aerials. rt was, in consequence, recommended that rapid 
switching faciliti_es should not be provided on any tower station and that 
the gantry aerials s hould be regarded only as a reserve for the tower 
aerial array. 

A complication arose in February 1942 regarding the erect ion of these towers, 
as it was thought that they might prove an obstru tion to our own aircraft 
flying in the vicinity. In consequence, work was held up on five stations 
(Barpburgh, Cresswell, Hopton, Happisbu gh and Dunwich), 3 The matter 
was referred for decision to the Deputy Chief of Air Staff, who ruled that these 
towers were necessary in order to give adequate warning of the approach of 
low-flying raiders, and that the operat ional necessity outweighed the possible 
risk of collis ion. Authority was therefore given on 4 March 1942 for the work 
to be implemented, subject to the provision of adequate safeguards, such as 
obstruction and warning lights on the masts. 

Work therefore continued on the building of these towers and on the 
insta11ation of their aerial arrays. The first to come into operation was Cresswell, 
commissioned in November 1942. Hopton and Happisburgh became operational 
the following month, and finally Bamburgh and Dunwich came on the air in 
April 1943.4 Headquarters, 60 Group , commented in their monthly report that 
the new aerial array at Hopton gave very promising opera ional resu lts, whilst 
Dunwich reported that their tower array gave them increased ranges on shipping 
tracks ; this was confirmed by Happisburgb, who also reported increased 
ranges on aircraft. 

1 Air Ministry Fi le S 4039, Encl. 50A . 
2 Headquarters, Fighter Command, File F.C/S.20424, Encl. 7)A . 
0 Air Ministry File S.4039. Encl .. 90A. 
'No. 60 Group and Nos. 73 and 74 Wing, O.R.B.s. 
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Project abandoned on C.H. Cantilever Towers 
Wo.rk on the station at West Beckham, where it had been intended to mount 

a C.H.L. station on a cantilever of one of the C.H. station steel towers, was 
suspended in November 1942 and the project abandoned. It was considered 
that the need for this station was no longer justified in view of the fact that 

(a.) Tower sta tions were being erected nearby at Hopton and Happisburgh. 
(b) The use was impending of pre-amplifiers which would give a marked 

improvement on low-flying aircraft performances on existing stations. 
(c) InstaJlation was projected of a high-power 10-centimetre equipment at 

Hopton, and 
(d) It had now become urgent, owing to the increasing calls for R.D.F. 

Gover at home and overseas, to conserve operational manpower, 
installation effort and technical gear . 

. Work was for similar reasons suspended in December 1942 on the tower 
installation at Drone Hill C.H. Station. It was aiso considered undesirable to 
erect further ordinary C.H.L. (200 i;ncgacycles per second) stations owing to the 
jamming then being experienced from enemy sources, and the development of 
more efficient ultra-high frequency equipment.1 

Termination of C.H.L. on High Towers Policy 
Some criticism of the performance of the station at Happ.isburgh was made in 

April 1942, and consequently investigations into the performance of this and 
all other C.H.L. tower stations were made in the next few months. However, 
in a report made in February 1944, No. 60 Group Headquarters reported that 
their investigations carried out over a period of several months showed that the 
performance of the tower stations was well up to standard.2 ln all cases the 
results of test -flights showed that adequate low cover was obtainable. It was 
recommended that no further research be undertaken into the performance 
of these stations in view of the fact that the high-power IQ-centimetre chain 
was now coming into operation and these stations would be able to pick up any 
aircraft which might possibly escape detection by the C.H.L. tower stations. 

The programme for C.H.L. on 11igh towers was developed as an operational 
requirement, namely, to counter the very low-flying raider. It was expensive 
in installation and research man-hours. Subsequently tbe decision to erect 
further statibns on the steel towers of C.H. stations had to be abandoned 
because the 10-centimetre R.D.F. equipment gave a better performance on a 
more economical basis. The C.H.L. on towers programme must be regarded 
as another example of a technique which became obsolescent as a result of 
progress in research . It was essential to make adequate provision against 
possibilities, some of which inevitably proved unnecessary in the long run. 
The C.H.L. (T) type of station was abandoned because the ultra-high frequency 
R.D.F. equipment supplanted some of its functions and it was thought at the 
time that it gave much superior results for considerably less outlay. 

The Triple-Service C.D./C.H.L. Stations 
Although the original scheme3 for the C.D./C.H.L. Triple Service Stations 

was intehded to be complete for our South and South-East coasts by the spring 
of 194t, and latei- to be extended all round the coastline, there had been 
considerable delay in implementing this pro~ect. The twelve stations, for the 
construction of which the Army had been responsible, worn very much behind 

1 Air Ministry File S.4039, Encl. l40A and l41J\. "Ibid., Encl. 151A. 
'The original scheme is illostrated by J\lla_p No. 3 and described in Chapter 11. 
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schedule. Unforeseen difficulties, not onJy technical but also such considerations 
as the provision of reporting telephone lines, approach roads and living 
ac~ommodation, had prevented the inclusion of these stations in the full Royal 
Air Force reporting and operational system. 

On 21 January 1942, however, the first Army station fulfilling the functions 
of a C.H.L . .. station was taken over by the Royal Air Force and became 
immediately operational. This was Bard Hill in North Norfolk, and it was 
followed at the beginning of Aprii by The Needles (Isle of Wight), Goldsborough 
(near Whitby), Westcliff (Portland) and Bolt Tail (Salcombe, S. Devon) .. Three 
more came into operation in the following month : Marsden (South Shields), 
Oxwich (Gower Peninsula) and The Jacka (near Falmouth) ), and by 31 May 
t]1e remairung stations- Crannoch Hill (Elgin), Westburn (Aberdeen), The Law 
(Carnoustie, Angus) and Black Head (County Antrim)-of the original 
C.D./C.H.L. chain were operational. Thus a thin chain of stations, the nucleus 
of the final Triple Service Chain envisaged for the future, was complete, 
covering the South and East coasts of England and Scotland from The Jacka 
in Cornwall to Crannoch Hill in Banffshire, with one station to cover th.e 
approaches to Belfast Lough. 

Though these stations were in use, much rernaine<l to be done before maximum 
efficiency was obtained, but it was felt that the need for maintaining a constant 
watch on shipping was so urgent that the· stations should work with the 
apparatus already available; further improvements and modifications were to 
be made by No. 60 Group as opportunity arose. 

The stations were operated by Royal Air Force operators from No. 60 Group, 
with a nor~al crew establishment as for a C.H.L. station, and in addition four 
Naval and four Army observers (ratings and other ranks--one each per watch) 
whose duties were to man the Naval and Army reporting lines respectively, 
and to pass to their appropriate Operations Rooms all relevant information. 
Shipping plots were genernlly reported at quarter-hourly intervals, although 
more freguently if the occasion warranted it. 

The Development of Centimetre Equipment 
The chief technical development during 1942 was in the field of very high 

frequencies, which led to an increasing use of eq uipment working on a 
3,000 megacycles per second frequency (10 centimetres wavelength). The great 
advantages of centimetre stations were that they could be used equally effectively 
for the detection of surface objects and for the detection of the very low-flying 
hostile aircraft. Great advances were made in the period under review in this 
chapter by the setting-up and consolidation of a cbain of centimetre stations­
known as the C.H.E.L. Chain (Chain Home Extra Low)-used jointly by all 
three Services for surface watching and the detection of the very low-flying 
raider. 

One other advantage of ultra-high frequency equipment, and an additional 
reason for hastening its development and production, was that as it employed 
a very frn.e beam it was very difficult to jam.1 In common with other equipments, 
it was liable to jamming when " lboking " in the direction of ,a jamming station, 
but thls would only have an effect on, at worst, an arc of 10°. Jamming by the 
enemy had by this time become so troublesome to C.I{. and especially C.H.L, 
stations that the installation -0£ ~ntimetre sets became imperative to ensure 
adequate R.D.F. cover at all times and in all conditions. 

1 Air Ministry File C.S. 16660/R.D.F,1, Encl. 48A, 
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From 1941 onwards the possibilitjes of applying the Na.val Type 271 R.D.F . . 
equipment to the pro.blem of the efficient detection of the ve1y low-flying 
raider were being explored ; its value in the detection of surface craft was 
already appaISent.1 This se t worked on the ultra-high frequency band of the 
order of 3,000 megacycles per second and, emp1oying the new magnetron valve, 
had a power of 7 kilowatts.2 During the late summer of 194[ the Low Cover 
and Surface Planning Sub-Committee of the Inter-Service R.D .F. Committee 
had noted the advantages of the Type 271 equipment as :-3 

(a) TJ1e detection of very small craft at long range. This was possible with 
an apparently greater consistency than was obtainable with C.H.L. 
equipment. 

(b) Owing to its very narrow beam it could probe those areas which 
presented a clutter of permanent echoes on the C.H.L. .display, and 

(c) Its ultra-high frequency beam had a low-angle coverage on very low 
sites. 

This last factor was of great jmportance as thjs was the only real weakness 
in the Home Chain raid reporting system at the time. In December 1941 
authority was given for the development of the Type 271 set to meet the 
requirements of the Royal Air Force, and the first experimental equipment was 
installed at Ventnor in February 1942.4 

The first experimental installation was modified to common aerial working, 
using a ten-foot parabolic reflector on the rotating aerial system, and a Plan 
Position Indicator was incorporated for the observer. First operational tests 
indicated that the cover obtained against very low~fl.ying aircraft and surface 
craft was good.-.; Further tests were ca1Tied out in the spring of 1942 and 
comparisons between a mobile Naval 271 set at elsey Bill, on a site approxi­
mately 30 feet above sea-level, and the modified set at Ventnor, 780 feet above 
sea-level , led to the conclusion that for the successful use of the Type 271 as an 
aircraft tracking device, continuous rotation of a.erials and the use of a Plan 
Position Indicator were essential. It was thought that little or no advantage 
would be obtained by the installation of this equipment at a high-sited C.H.L. 
station, but that considerable advantages might accroe with regard to the 
tracking of very low-flying aircraft and surface craft, if the set were instaJled at 
a C.H.L. station on low ground. 6 

Additional tests and developments were carried out, bearing these con­
siderations in mind, and using higher-powered equipment. The experiments 
at Ventnor showed that with the Type 271 set then in us~, aircraft at flying 
heights of 200 to 50 feet could be tracked to approximately 30 mi.les, with a 
faint response on occasion to 45 miles. As an jnstance of the success of this set, 
on 23 May 1943 it detected aircraft at a range of 34½ miles, whicb were 
identified one minute later as hostile.7 A 15-minute warning was given between 
first pick-np and landfall. The raid turned out to be twenty enemy aircraft, 
flying at 50 feet. Fighter aircraft were unsuccessful in ioter.ceptfon., but A.A. 
defences destroyed two of the raiders. 

1 Th.is is described in Chapter 11. 
~The magnetron valve advantages are discussed in Appendix No. 8 . 
3 Air Ministry File S.8696, Encl. 16,1,. 
i Air; Ministry Pile C.S . 17288, Part l , Encl. 8;<,. 
~ Air Ministry File C.S. l 2138, Encl. lA. 6 Ai.r Ministry File C.S. 17288/ 1, Encl. 20B. 

• Air Ministry File C.S. 19224/J , End. l lA . 

235 



Transfer of Army Sw:face-Watching Stations to the Royal Air Force 

T he ultra-high frequency Naval Type 271 stations were giving better results 
on shipping than the C.H.L. stations. A scheme was therefore formulated in 
March 1942, whereby Army and Royal NavyC.D. No. I, Marks IV-VI stations 
(using Naval Type 271, later modified to the high power Type 277 equipments) 
were to be installed on Royal Air Force C.H. or C.H.L. station compounds for 
surface-craft detection.1 A further plan was devised in July 1942, whereby 
No. 60 Group was eventually to take over all Anny surface-watching stations 
in the early warning Chain. Th is latter scheme embraced the former, but was 
a long-term policy measure, whereas the first plan was being implemented by 
the summer of 1942. When operational, the C.D. No. 1. Marks IV-VI stations 
were to take over surface-.watching functions from the C.H.L. stations to which 
they were attached, these then being used only for stand-by purposes. 

Si ting and installation for the various stations were to be the joint undertaking 
of the Royal Navy. Army and Royal Air Force, each Service being responsible 
for certain specific sites. The Royal Air Force was to take on charge immediately 
all stations on existing Air Force sites, and eventually those manned by the 
Army. Crews were to be drawn from all three Services. 

The scheme whereby all Army surface-watching stations were to be transferred 
to No. 60 Group was planned to Lake place in two stages. First, No. 60 Group 
was to be responsible for the maintenance of each station's equipment by a 
certain date, manning and administration remaining 1.he responsibility of the 
Army or Royal Navy. Second, No. 60 Gr:oup was to take over complete 
responsibility for each station. 

The three Services had each utilised differing nomenclatures for their 
equipment. This was a possible source of confusion when considering the 
various stations from the Trip1e Service aspect. Accordingly, on 25 August 
1942, a summary of the various types of equipment was made by the War 
Office and confirmed by No. 60 Group.2 This introduced a revised nomenclature 
for the equipments which was to be used by all three Services. 

The programme at that date laid down a total of sixty-three coastal defence 
stations using centimetre. equipment already installed or envisaged, .covering 
between them the coastline of Great Britain and Northern I reland. Sixteen 
of the statio11s were to be in existing C.H. or C.H.L. compounds, seven in 
C.D./C.H.L. (Triple Service) compounds. eight on C.D./C.H.L. (Dual-Service, 
Army/R.A.F.) sites, eight on existing C.H.L. stations, five on Naval stations 
in the Triple SerVice area and the remainder were to be on new sites remote 
from any existing R.D.F. stations. Of these sixty-three stations, installations 
were at that time complete on sixteen, and work in progress at several more.3 

Operational Control of Triple Service Surface-Watching Stations 

A meeting was held at t he Admiralty on 27 August 1942, between their 
representatives and those of Uie War Office and Home Forces, to discuss the 
operational control of the R.D.F. Surface Chain. It wa·s agreed that the 
Admiralty should assume operational control of altogether one-hundred and 
three stations, either in being or planned, and including all those stations 

1 Air- Ministry File C.S. l2788, E ncl. 92s. 
2 The St1mmary and Revised Nomenclature are given in Appeadi.x No. 2J. (Reference, 

Air Ministry File C.S. 12788, Encls. 71A and 92A.) 
3 See Appendix No. 20 for list of Air and Surface-Watcbing Stations at 31 December 1942. 
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mentioned in the previous paragraph.1 The transfer was to be made area by 
area, as arranged between the Admiralty and Headquarters, Home Forces, 
subject to the following conditions :-

(a) The transfer was to take place when the stations had been taken over 
by the Royal Air Force for manning and maintenance. 

(b) The Admiralty undertook to supply to Army Plots the information 
necessary to meet their requirements and to ensure that stations 
continued normal sweep during operations. 

(c) The stations should operate solely for surface-watching over their 
allotted arcs of sweep. An additional set would be provided if 
stations were required to concentrate on individual targets for 
Naval purposes. (This set was liOt actually provided before 1944.) 

The first eleven stations were taken over by the Royal Air Force by 
December 1942, followed by three more io .May -1943. By December 1943 
practically all surface-watching stations had been taken over for manning and 
maintenance by the Royal Air Force, operational control being exercised by 
the Navy.2 A few stations, however, were retained solely by the Navy for 
their own partlcular needs, maintenance only being provided by the Royal 
Air Force, and these stations did not come into the normal reporting·system 
of the Royal Air Force. 

Value of Centimetre E quiptuent against the Low-Flying Raider 

Added impetus to the more speedy adoption of ultra-high frequency R.D.F. 
equipment by the Royal Air Force was provided by the Air Officer Commanding­
in-Chief, Fighter Command, who in September 1942 referred to the numerous 
attacks being made by the enemy on coastal targets in the South of England 
by very low-flying aircraft, frequently Focke-Wolf 190 fightei:-bombers, which 
came in at sea-level.3 He stated that the existing C.H.L. stations on the 
South Coast, in spite of the fact that they were mostly high-sited, seemed 
quite incapable of providing adequate warning of such attacks. rt d id not 
seem to him that technical adjustment or improvement in operators' skill 
would make any substantial improvement in the detection of these aircraft, 
.and other measures would be necessary. 

As a solution, the Air Officer Commanding suggested the provision of 
rn-cenlimetre sets, similar to the Naval Type 271 sets but higher-powered, in 
all areas where very low-level attacks were likely to be made by the enemv, 
and as an instance he stated that a suitable equipment on trial at G:-eat Orme's 
Head (the N.T. 273 medium-power 70~kilowatt equipment) had shown that 
an aircraft flying at 50 feet could be detected at approximately 35 miles. 

Unfortunately, Plan Position Indicators were still unavailable jn any quantity, 
and this lack meant that owing to the very narrow beam~width of 10-centimetre 
equipment the rate of sweep was so reduced that the a rc over which efficient 
detection could be reasonably guaranteed was not likely to be more than 60°. 
The resuJt 'of this would be that at any particular C.H.L. site at least two high­
powered 10-centimetre equipments would be required in order to ensure that 
t11e coverage provided by this apparatus would be superior to that of the C.H.L. 
stations equipped with Plan Position Indicators (P.P.I.). The provision of a 

1 Air Ministry File C.S. 16640. Encl. I A. 
~ Air Ministry Files S.12138/I, Encl. 112A, and S.16640, Encl. l SA. 
i Ibid., Encl. 36A. 
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suitable P.P.I. for use with 10-centimetre equipment was a matter of great 
urgency, but pending t his development Fighter Command recommended that 
all C.H.L. stations between Land's End and The Wash be provided with two 
high-power 10-centimetre sets, to be reduced to ooe per site when effective 
'P.P.I.s became available. 

Difficulties of design made it impossible for this recommendation to be 
implemented in full, but developments were hastened on an AdmiraJty set , 
Type 273, Mark V, which it was hoped would help meet the need for low-flying 
cover. This set was undergoing tests at Ventnor and Great Orroe's H ead and 
was an improvement on the Type 271 set in so far as it was specificaUy designed 
to provide cover for aircraft and was not merely an adaptation of a surface­
watching instrument.1 As it was an Admiralty design, however, it was not 
anticipated that production would be available in quantity for the Royal Air 
Force before June 1943. 

In order to give the Service operational experience with 10-centimetre 
equipment for aircraft cover, A.D.R.D.E.2 was making the technical equipment 
for three C.H.E.L. stations for installation at Beachy Head, Happisburgh 
and Deerness (Orkney), these three sites being of high, low and medium 
altitude respectively. The equipment was similar to the experimental high­
power set already in operation at Ventnor (known locally as the H.P.T.) 
comprising a ten-foot paraboloid reflector aerial system mounted on an Army 
type gant ry over one-third of a standard Nissen hut, the latter being the 
Operations Room. The equipment was to be provided with a high-power 
SOO-kilowatt magnetron valve, with both P.P.1. and range tube displays, and 
seemed to be the most satisfactory set yet degjgned for its purpose. 

Reporting of Very Low-Flying Aircraft by SUJ'face-Watching Stations on the 
South Coast · 

fn order to give every assistance to Fighter Command Operations Rooms in 
the early reporting of very low-flying aircraft, the Radio Board recommended 
on 27 October 1942 that cer tain surface-watching stations should operate 
primarily for this purpose over their a llotted arcs of sweep, but aircraft 
information observed by them should be relayed through C.H.L. stations to 
operational Filter Rooms and Sector and Gun Operations Rooms, providing that, 
this did not interfere with the surface reporting function of the station.3 If a 
station was required to concentrate on individual targets for Naval purposes 
(as, for instance, at Capel) then an additional set of equipment would, be 
provided. 

The Air Officer Commanding-in-Chief, Fighter Command, recommended that 
as a temporary measure these stations should be allotted a pri.rnary role of 
watching for aircraft during daylight hours and a secondary role of sweeping 
once in JS minutes for surface watching. He fur ther recommended that as 
many centimetre stations as possible should immediately be brought into 
action in the South of E ngland and that P .P .I. displays should be provided at 
the earliest possible moment. As a consequence, Headquarters, Fighter 
Command issued orders on 18 February 1943 to Headquarters, No. 60 Group, 
repeated for information to the Admiralty and War Office (who later confirmed 
them to their own stations) that all ultra-h~gh frequency stations on the South 

LAir Ministry File C.S.12138, Encl. 37A. 
2 {Army) Air Defence Research and Development Esta.blishOlent. 
3 Air Ministry File C.S. 12138/R.D.F ., Encls. 1A and 35;.. 
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Coast should treat the detection of low-flying aircraft as a first priority. Naval 
and Army plotting rooms were to retain operational control and the right to 
order the full arc to be swept if and when considered necessary. Aircraft so 
detected were to be tracked and reported continuously to Royal Air Force 
Filter Rooms and Sector Operations R ooms through the ·associated C.H.L. 
telephone lines. 

Provision of Further Cover against Low-Flying Aircraft 
Instructions were given in February 1943 for the installation of eight 

special R.D .F. equipments in addition to already existing stations, their sole 
·purpose being the detection of very low-flying aircr<!,ft. These sets were to 
be of the Type 273, Mark V, Admiralty pattern and six w-ere, in fact, in operation 
by the end of March 1943, so great was the urgency of this req_uirement in view 
of the enemy's tactics to evade our early warning R.D.F.i 

On 2S February 1943 the Director-General of Signals wrote to the Air 
Officer Commanding-in-Chief, Fighter Command, stating the action taken to 
provide special RD.F. cover on the South. Coast for the detection of low-flying 
raiders.2 The Admiralty agreed to put temporarily at the disposal of the 
Royal Air Force three Naval Type 273 Mark V stations, to be sited ou existing 
C.H. or C.H.L. stations at the discretion oi t he Royal Air Force, and in 
addition they promised that any information on very low~fl.ying aircraft 
obtained by them at their new station at Capel (then undergoing test) should 
be place<! at Air Ministry's disposal. Both the Admiralty and the War Office 
agreed that all Coast Defence Mark IV stations from Dengie to Start Point 
should be used primarily for aircraft detection during dayligM. In the inean~ 
time the Telecommunications Research Establishment and the Admiralty 
Signals Establishment were pressing on with the development of suitable 
P.P.I. displays and power turning gear for the Type 273 stations. Two 
centimetre height (C.M.H-) Mark I stations whicb had been intended for use 
by the AdmiraJty in Orkney were also diverted instead to the South Coast 
to help to strengthen existing R.D.F. defences. 

The ultra-high frequency R.D.F. technique was the only really successful 
method of obta ining early warning against the very low-flying raider, and 
so by April 1943 further low cover was provided using Royal Air Force Stations, 
Types 13, Mark I, and 14. The Type 13, Mark I station was the Air Force 
nomenclature for the Centimetre Height Set, originally designed for height­
finding on C.H.L. stations. This equipment had proved rather unsatisfactory 
in performance and so w~s relegated to the r6le of watching for very low­
flying aircraft . The Type 14 station, ultimately to replace all stations Type 13, 
Mark I, was the Naval Type 277 set. Installation details were. as follows:-

(a) Stations, Type 13, Mark I, were provided at North Foreland, Kingsweir 
Beer Head and Fairlight. A note is made in the Operations Record 
Book of Headquarters, No. 75 Wing in No. 60 Group to the effect 
that the very low-flying cover Was considerably improved by the 

· addition of the two sets at North Foreland and Fairlight. The 
latter became operational on 18 Apr1l 1943, and five days later it 
was reported that the station had beeo able to keep continuous track 
of a raid flying at zero feet in mid-Channel at about 20 to 30 miles 
from the station. 

1 Air Ministry File C,S. 12138, Encls .. 59A, 72,.,_ and 87 A. 
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(b) Stations, Type 14 were designed for the dual rt'>le of the detection of 
low-flying raiders during daylight hours and for detection of surface 
craft at long range during the n.:bht. Production of the Type 13, 
Mark I equipment had ceased in 1943 and it was intended that 
these should be replaced by Type 14 sets. The first Type 14 equip­
ment was installed at Capel for the Royal Navy and during the 
spring of 1943 further stations, in mobile form, became operational 
at Beachy Head, Ventnor, Start Point and The Verne. It was 
anticipated that further equipment of this type, when available, 
would be installed on other south coast stations. 

Operational Perfom1ance of Type 13 Mark I and Type 14 Equipment 
The German practice of approaching our shores flying just above the sea to 

avoid detection by R.D.F. had initially achieved a high degree of success, but 
the new ultra-high frequency equipment could detect the approach of these 
wave-hopping raiders. TJ1e length of the warning was short, but gave 
sufficient time to permit interceptions to be made and also to warn anti-aircraft 
gun defences in the area likely to be attacked. The following specific instances · 
give a picture of the effectiveness of the warning obtainable from Types 13, 
Mark I, and 14 stations :-1 

(a) During an attack on Hastings on 23 May 1943, Fairlight T.13, Mark I 
station picked up a low-flying raider at 30-mile range, giving a 
warning period from pick-up to landfa11 of 11½ minutes. Four 
Typhoon aircraft intercepted and destroyed one F. W.190. 

(b) On 25 May 1943, Beachy Head Type 14 station detected a formation 
of aircraft at a range of 22½ miles, with a warning period of 8 minutes 
(th.ough only 3½ minutes warning after Filter Room gave a hostile 
identification). Five enemy aircraft were destroyed by A.A. guns 
and two by fighter aircraft. 

(c) On the same day twelve F.W.190s set course for Folkestone and were 
picked up by Capel Type 14 station at a range of 18 miles. Immediate 
hostile identification followed and seven patrolling Spitfires sighted 
the formation and destroyed five raiders. 

(d) On 30 May, Beer Head Type 14 equipment detected a formation at 
,26 miles range, and Kingsweir C.H,L. saw it ouly at 9 miles ra1/ge. 
Nineteen miles of filter track were passed to Exeter Operations Room. 
The Air Raid Warning was given five minutes after the first plot, 
but unfortunately bombs were dropped on Torquay at the same 
moment, causing twenty-one fatalities. Thirty- two of our aircraft 
were airborne, including Typhoons which took off three minutes after 
the first plot. One enemy aircraft was destroyed by fighter aircraft 
and three were shot down by the A.A. defences around Torquay. 

With a range of detection which may be seen from the above examples as 
between 20 and 30 miles the time factor for actioning such plots was of great 
importance. Every effort, therefore, had to be made to avoid any delay .in 
both Filter and Operations Rooms. 

Installation of High-Power Centimet,re Equipme1,1,t · 
To provide further cover in the Triple Service Chain, -and in particular to 

counter the low-flying enemy aircraft which were making repeated raids along 
the East Anglian coast, it was decided in May 1943 to install high power 

1 Air Ministry File C.S. 19224, Part 1, Eocl. 11,A.. 
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eguipments on towers at six existing R.D.F. statfons.1 These stations were to 
be of the C.D. No. 1 Mark VI** (Tower) type, mounted on 200-foot towers using 
a high-power equipment known as the Naval Type 277-a high-powered 
version of the Type 271. The apparatus was to be installed in half-Nissen huts 
at the base of the towers, and 9-inch Plan Position Indicator tubes were ordered . 
The need for this low cover was so great that the project was awarded the highest 
priority. Rapid progress was made, and the first station, Hopton, became 
operational on 23 June 1943, followed two days later by Trimingham. Thorpeness 
and Winterton came on the air in July, Bard Hill in August, and Benacre on 
13 September. 

A further twelve Naval Type 277 stations were approved and a meeting was 
called at Air Ministry on 10 July 1943, to discuss their installation. Some 
discussion had already takenpla.ce on the desirability of installing the t ransmitter 
at the top of the tower, as atRopton1 or at the base, as in thecaseoiTrimingham, 
Comparative tests carried out in July proved inconclusive. The meeting decided 
to carry out tests over a period of some months, and if later it was agreed that 
the performance of stations using a transmitter at the tower base was equa1 to 
that where it was monnted on top of the tower then modifications could be 
carried out. Transmitting equipment was to be installed on top of the towers 
at Bard Hill , Bempton , Dimlingt.on , Skendleby, Thorpeness, Beer Head, 
Hoptou, Start Point, Winterton, Dengie and the Naval station at The Verne. 
Transmitter equipment at the base of the towers was scheduled for Bena.ere, 
Bamburgh, Cresswell, North Foreland, Pen Olver, Rosehearty and Trimingham. 
The reason for this was that the first batch of stations listed was equipped with 
Army towers and lifts ; the second batch built with Royal Air Force towers, 
was not so equipped ; and lifts were essential if the constant maintenance 
required by this gear was to be regularly carried out by th.e station mechanics. 

A decision was taken in August 1943 to extend low-flying cover on the 
East coasts of Scotland and England by installing C.D. No. I Mark VI** 
stations on the 200-foot cantilevers of C.H. station steel towers.2 The stations 

, were Douglas Wood, Drone Hill, Dunkirk, Bawdsey and Danby Beacon, which 
were to be operated in the dual capacity of air and surface watching, and Great 
Bromley, to be used for aircraft detection only. Difficulties arose in November 
1943 over the erection of the ten centimetre high-power sets on the C.H. towers 
at Douglas Wood. Drone Hill and Danby Beacon. Originally, it had been 
hoped that when operational they would render redundant the original C.D. 
stations in the area, but it was now decided that better inshore cover was 
provided by the existing stations at Lamberton Moor, Saltburn and The Law, 
so that no economy would be effected. Work was therefore held up pending a 
decision as to their suitability. 

During late 1943 further extensions were planned to the chain of centimetre 
high-powered static stations, some for long-range surface watching only, the 
majority for ai r and surface-watching, as the need for detection of very low­
flying aircraft still persisted. Type5 277 and 277A equipment was to be installed 
using either a 200-foot wooden tower, or a 200-foot cantilever of the C.H. 
stations, or a 20-foot gantry aerial system on the higher-sited stations.3 It was 
hoped to obtain a .continuous rotation rate of at least four revolutions per 
minute. 
----- ----- - - -- ------------- - ----

1AirMinis ry File C.S. 1278S/ 1, Encls. 123A aud 149A. 
~ Air Ministry Filo S .1'2138/H, Encl. 3A. 
a Air Ministry FiJ~ C.S. 12138/Il, Encls. 25A and 46A. 
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A summary of the C.D. No. l, Marks VI* and VI~* stations at the end of 
October 1943, revealed a programme of forty stations. Thirteen were operational 
at this date and good progress was being made on a further fourteen stations, 
which were due for completion by the New Year. Thirteen of the stations we.re 
high-powered on Army 200-foot towers, but the remainder were high- or low­
powered and mounted on truncated towers, on gantries or in "Gibson Boxes."~ 
The area covered was from the Moray Firth southwards to Pembrokeshire, with 
one station at Greystone in Ulster and another, Deerness, covering Scapa F low. 

Filter Rooro Instructions for Plotting on Low-Flying Aircraft 
In an endeavour to hasten identification at Filter Rooms and to ensure 

immediate priority for any tracks suspect d of being hostile, Fighter Command 
issued an Operational Procedure Instruction on 31 March 1943, which laid down 
that plots from R.D.F. surface watching stations (known as " K '' stations) and 
from stations, Type 13, Mark I (Centimetre Height) and Type 14 (Naval Type 277) 
should be told immediately via the a.ssoc~ated C.H. or C.H.L. station and given 
priority on the telephone line.2 All such plots were to be prefixed with the 
letter ' K" and were to take precedence over all others. Special display 
plaques were provided for use in the F ilter Room so that Filter Officers and 
Controllers could see immediately which plots were from these stations. In 
addition, as each plot was passed the plotter was to call the attention of the 

ector ControDer to it by saying " K " Plot in a loud voice as soon as the 
information was received and, displayed on the table. Controllers were 
instructed to treat all " K " plots as potential hostile tracks and to take 
appropriate action without delay. 

It was realised that Stations, Type 14, would help materially in plotting our 
own fighter patrols, but the continuous tracking of friendly patrols could not be 
achieved at this time, and so it was inevitable that a number of the " K" plots 
passed would prove to be friendly aircraft, with numerous false alarms arising 
in consequence. Nevertheless, this fact was not to be allowed to delay 
intercepting action, as " K " plots might often be the only indication oi attack 
before such action was actually in progress. Priority was given for providing 
these stations with adequate telephone facilities for reporfang direct to all 
Operations Rooms concerned.3 

Possibility of Low-Flying Raid_s at Night 
A new factor had to-be taken into consideration with the lengthening nights 

of the autumn of 1943-the possibility of the enemy sending over very low-flying 
aircraft by night as well as by day . This possibility was first envisaged in a 
let.ter dated 8 October 1943 by the Air Officer, Commanding-in-Chief, Fighter 
Command, to the Under-Secretary of State for Air. In this he stated that 
events had proved that there was a serious danger of hostile aircraft approaching 
this country by night at very low levels, particularly during moonlight periods, 
thereby evading detection by the normal R.D.F. reporting Chain.4 If these 
raiders were to be detected it was essential that full use should be made of the 
antHow~flying C.H.E.L. Chain (Chain, Home Extra-low) by night as well as 
by day, and for that purpose it _was necessary that stations should be permitted 
to maintain a continuous rate of sweep so that no area should be left uncovered 
for even a short period o{ time. 

1 " Gibson Boxes " were smaJJ w:oodeo transportable cabins. 
• Headquarters, Fighter Command File F.C./S.27004/Ops. 2 dated 31 March Hl42, and 

Air Ministry File C,S, 12138, Encl. 89A. • Air Ministry File C.S. 12138/It, Encl. 56A. 
• Ibid., Encl. 32A. 
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The Naval requirements from C.H.E.L. stations included the plotting of 
hostile surface craft, the accurate and detailed plot'fing of friendly shipping, 
tbe conduct of sea strikes, and, in collaboration with the Royal Air Force , the · 
conduct of air/sea strikes. For all these purposes the current Naval practice 
was. to stop sweep every time an observation was to be made in order to take 
plots of surface craft from the range tube, using the range and bearjng method 
of plotting. If adequate air cover was to be provided while surface craft were 
being plotted, it was necessary that a constant rate of sweep should be 
maintain.ed and all plots read from a Plan Position Indicator tube. The 
Admiralty reviewed the positioTI: of their stations in view of Fighter Command'!; 
-.statements, and stated that the policy then in operation f9r High-Power 
Dual-Purpose Radar Stations, Type 14, was, in general, that stations watched 
for low-flying aircraft by day under Royal Air Force tactical control, and for 
surface craft by night under Naval rnntrol.1 Tbis made possible the development 
of two operational systems-the RoyaJ Air Force method whereby stations swept 
continuous] and read plots from a P.P.I. tube, and tbe Naval system where 
continuous rotation and P.P.T. readings were only adopted until it was 
necessary that concentration should be made upon specific targets. If 
continuous sweeping could be generally accepted, a great advance would be 
possible, because all distinctions in the tactical control of stations would 
disappear, and stations would · sweep continuously and report whatever was 
~een to the correct quarter . A very considerable economy of high-power 
stations and crews would result with consequent simplrfication of tl1e chain and 
of maintenance. Trials were, therefore, i.nstituted by the Admiralty to dedde 
whether the systen1 of continuous sweep could meet all or any of the Navy's 
requirements. Thes trials were carried out in November at Hopton and 
Beachy Head. 

The A1my Commander-in-Chief, Home Forces, considered, after studying the 
results of these trials, that the dual-service use of high-power centimetre radar 
stations employing continuous aerial rotation with P.P.I. presentation (and a 
,separate tube for surface watching) woulq, be acceptable for all Anny purposes, 
subject to certain safeguards when particular information on any target was 
required by thcm.2 

The Admiralty, in consequence of the foregoing trials, agreed at the end of 
1943 to the policy of continuous sweep, with the following provisos:-~ 

(a) That the local Naval Plotting Rooms should have power to interrupt 
t11e continuous sweep for counting or estimating size for a period not 
exceeding 20 seconds in any two minutes . . Further, that this period 
might occasionally have to bee tended, particularly at night, during 
the course of an action, or other special circumstances at the 
direction of the Flag Officer controlling the Operation. It could be 
accepted that these occasional protracted periods would only be 
ordered with the greatest discretion by the Flag Officers. concerned 
and foll arc sweeps would be interposed whenever the state of the 

' action permitted. This requirement necessitated that adequate 
"inchfog '' control should be fitted in the continuous sweep gear, so 
that the sweep could if necessary be stopped momentarily to 
jn'-'.estigate any particular response. 

- - - - ----- - - -------- --- ----- ----
1 Air Ministry File C.S. 12l3S/II, Encl. 47 A. 
1 AirMinistry File C.S. 1213S/Ir, Encl. GSA and 70A. 
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(b) That each high-power radar station concerned should be fitted with a 
second P.P.I. tube, the range tube being flanked on either side by the 
Surface Watching and aircraft detecting P.P.I. tubes. 

The whole matter was discussed at a meeting of the Radar Board in January 
1944, and agreement was expressed with the Ad01.ii:alty's proposals, with a 
recommendation that they should be adopted subject to further review shou ld 
this prove necessary in the light of operational experience. 1· Consideration 
was also given to the proposals for providing extra P.P.I. tubes and facilities 
for reading I.F.F., and Air Ministry gave instructions to all parties concerned 
to implement this policy at tbe earliest possible m,omenU 

By the end of 1943, the counter to the enemy very low-flying attacks could 
be said to be operating succe3s-fully. The centimetre station had proved to 
be the answer to this problem which had faced our defences since 1941. The 
Home Chain ultra-high frequency stations could give cover both by night -and 
day against the very low-flying raider. Out o( the original Admiralty proposal, 
considered at the 16th meeting of the Inter-Service Committee on R.D.F. 
during January 1941 for a common C.R.L. Chain for all three Services, had now 
been developed an ultra-high frequency R.D.F. Chain with the original C.D. / 
C.H.L. stations ading as stand-by equipment. On superficial considerations, 
three years may cl.ppear an unduly long period in which to achieve a satisfactory 
Coast Defence Chain . It must be appreciated, however, that in addition to 
the original C.D./C.H.L. Chain, the new ultra-high frequency technique had 
been adapted'to Coast Defence requirements and equ1pment had been produced 
and insta lled. 

The Triple Service Chain may be 1;{garded as a triumph of technical liaison 
between the three Services. It provided adequate R.D.F. cover against the 
very low-flying enemy aircraft as well as surface-watching and was therefore 
a valuable adjunct to the C. H . stations-which, how-ever, continued to give 
the broad picture oi enemy activity on to which the report from the centimetre 
stations had to be superimposed. 

lThe R.D.F . Board had been inaugurated at a meeting of the Radio Policy Sub­
Committeo on 27 February 1942, and held its first meeting on 4 Ma,ch 1942. 1t became 
known as the Rada r Board on 22 Juoe 1943. Mem.bel:'ship consis ted of Service representa­
tives from the branch. of each o! the three Service Ministries responsible for R .D.F. policy 
in their Service, under the chairma.nship of Air Commodore V. H . Tait. Its terms of 
reference in.eluded the co-ordination oi iutcr-Service action with regard to operational 
requirements, recommendations regarding the development, provision and allocation of 
R.D.F. equipment for home and overseas, the collection and dissemi nation of R.D.F. 
information to the Service Planning Staffs, and co-operation on R.D ,F: matters with 
Dominion and Allied authorities. 

2 Air Ministry F ile C.S. 12l38/11, Encl. 96A. 
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CHAPTER 16 

GENERAL OPERATIONS OF THE HOME CHAIN 
DURING 1942 AND 1943 

Although the heaviest attacks of enemy bombers on -this country took place 
in 1941, and the subsequent years were marked by a decrease in the tonnage of 
bombs dropped, the decrease in the numbers · of enemy aircraft was not 
accompanied by a corresponding simplification of the pictures presented on 
the cathode ray tubes of the R.D.F. stations. Bomber Command was steadily 
increasing the weight of its attacks, and the Home Chain stations plotted all 
such " friendly'' activity, often being able to render valuable assistance for 
the safety of bomber aircraft and crews. 

The period under consideration in this chapter is technically largely one of 
refinement of R.D.F. equipment in the C.H. stations, and of improvements in 
the apparatus embodied in the experimental progress of the 1941 period, with 
few major modifications in design . Methods of plotting and filter interpretation 
oi the R.D.F. information were onstantly under con iderati.on because the 
maximum value was often not derived from the information available. To 
obtain a general picture of the problems which faced the Chain during 1942 
and 1943, it is necessary to review briefly the type of aerial activity, both hostHe 
and friendJy, which it was called upon to plot. 

Hostile Activity 

1942 was notable for the number of attempt by the enemy to retaliate for 
the increasingly heavy bombing offensive actions undertaken by Bomber 
Command and later by the United States Anny Air Force. There were 
approximately four classes of enemy raid :-1 

(a) The early "Baedeker" raids on non-industrial targets of 25/26 April 
and 8/9 May 1942, 

(/J) The later " Baedeker " raids and other attacks which continued 
onwards from mid-May, 

(c) Daylight " tip-and-run " raids by very low-flying fighter and fighter­
bomber aircraft, and 

((i) Daylight raids by twin-engined aircraft. 

The year 1943 saw developments in the equipment and technical methods 
used by theLu,ftwajfein attacks against the United Kiugdom. On Hitler's orders 
an" Angrijfsfu,hrer England" had been appointed to take charge of bombing 
activities directed against this country. M.E. 410 light bomber and bomber­
reconnaissance aircraft were introduced in the summer, and the Ju. 188 bomber 
in the autumn . Single-engined F. W. 190 fighter-bomber aircraft were used 
by night. as well as by day from April. A lesser tonnage of bombs was dropped 
than in the previous year, but attempts were made to get a higher return for 
this tonnage by an improvement in bombing accuracy, and to reduce losses 
by sttch tactics as mingling with the stream of returning British bombers, and 
by the use of faster aircraft. 

1 Headquarters, Fighter Comll\3.nd Intelligence Summaries and No. 60 Group 0 .R .B . 
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In the night raids of spring and summer 1943, the more accurate placing of 
flares and incendiaries by the leading enemy aircraft and the greater care by 
the Germans in the selection and briefing of their crews, produced a higher 
"raiding efficiency" than in the last half of 1942. This improvement was not 
maintained, however, and the enemy's battle casualties were considerable, and 
higher in proportion than in the previous year. Increasingly heavy casualties 
were imposed by our defences. By the autumn of 1943 such an ascendancy 
had been achieved that for the last three months of the year daylight flights 
over this country by any type of enemy aircraft were a rarity. "Tip-and-run'' 
raids ceased at the end of the first week in June, partly because the enemy 
aircraft were needed in the Mediterranean, where a critical situation had arisen 
for the Germans· as the result of Allied successes in tbe Tunisian campaign, and 
partly because the enemy found his raids too expensive both in men and 
machines. 

Activity by ,Allied Air Forces, 1942-1943 
Until 1942 the Chain had acted almost entirely in a defensive capacity, by 

giving warning of incoming hostile raids. This function it, of course, continued 
to fulfil, but in addition was now very much occupied in keeping track of 
friendly aircraft. Bomber Command's activities began quietly enough at the 
beginning of 1942, but its attacks became heavier and heavier as time went on. 
The development of R.D.F. as an offensive weapon, and the fitting of bomber 
aircraft with" Gee,"'' Gee-ff," "H2S," and other forms of R.D.F. apparatus 
meant that more aircraft could be sent on raids at increasing range over enemy 
territory, with a greater accuracy of bombing. Production in this country 
was getting into its stride, and increasing numbers of aircraft were daily being 
delivered from the factories. The Royal Air Force training programme provided 
plenty of trained crews, enough to allow for new crews as well as replacements 
for casualties which were, unfortunately, mounting rapidly as the number of 
raids increased. Finally, by the middle of this period there was the valuable 
assistance of the United St-ates Army Air Force, with its vast reserves of men 
and aircraft. 

Activity gradually increased from 8 March 1942 when the first raid of aircraft 
11Sing "Gee " was made, three hundred and fifty bombers going to tbe Rubr, 
until 30/31 May 1942 when the " one-thousand bomber" raid directed against 
Cologne marked a turning point in our campaign. Intense activity at night 
continued throughout the summer, decreasing about November, when .wintry 
weather brought its additional hazards. Daytime activity throughout the summer 
continued _on an increasing scale, both day raids by bomber aircraft and offensive 
fighter sweeps keeping the coastal R.D.F. stations at concert pitch. Activity 
again increased from the spring of 1943. Stations which, early in 1942. thought 
themselves busy when one-hundred or more bomber tracks were plotted, were 
now reg<\rding raids of five-hundred or six-hundred aircraft at a time as 
commonplace. 

All thjs meant very considerable work for the Home Chain, particularly on 
the East and South-East coasts. Accurate tracks had to be maintained on the 
mass formations as they crossed the coast on the outward journey, with a 
constant watch for enemy fighter aircraft coming out to intercept them. Very 
careful watch had to be kept as our aircraft returned to base at varying-times 
throughout the night and early daylight hours ; constant vigil had to be 
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-maintained for stragglers , for damaged aircraft unable to reach. their home 
airfields and so returning by uneJrpected routes, and for, aircraft in distress. 
Typical instances of the Home Chain co-operation with the Arr/Sea Rescue 
services worthy of mention were :-

(a) On 4 June 1943, at 0329 hours, a returning bomber crashed in the sea; 
a fade plot on the track given by a C.H.L. station marked the exact 
position. The station plotted four fighter aircraft guarding the spot 
for six hours until at 1010 hours the Rescue launch picked up all six 
of the crew. The associated centimetre station at the same time 
passed plots which were believed to be the dinghy and wreckage 
from the bomber. 

(b) On 4 August 1943 St. Margarets, Type 14, R.D.F. equipment was the 
first station to pick up a response, later found to be a dinghy. 
Directed by plots from the station, a Walrus aircraft and twelve 
escdrting fighter aircraft went to the rescue, and saved all the crew. 

The C,8. Stations. 

Tbe'C.H. stations, which had proved their value during 1940-1941, were again 
the backbone of the raid reporting system throughout the period under review. 
The major portion of the C.H. station installation programme had already been 
carried out, aud the years 1942--1943 were chiefly a time of cons9lidation. 
Twelve new C.H. stations were, however, completed in this period, filling gaps 
in coverage in the more remote parts of the British Isles, chiefly in Northern 
Ireland and North and West Scotland.1 C.H. cover was now complete and 
adequate around the whole coastline of Great Britain and Northern Ireland. 
In addition, " Buried Reserve" equipments became operational and a 
"Remote Reserve" site was completed at St. Lawrence. An Intermediate 
<,:.H. station was commissioned al' Broad Bay, near Stornoway, and two C.H.B. 
stations in the Western I sles of Scotland. These latter were stations usif1g 
C.H.L. equipment plus a method of height-fi.ndjpg. They foUilled the normal 
functions of C.H. stations but were placed in locations where siting difficulties 
:made a full C.H. station impracticable. The great advantage of the C.H. 
stations was that they gave at all times a fairly complete picture of practically 
all aerial activity in their neighbourhood, the only real drawback being that 
very low-flying aircraft were beyond their scope. The C.H.L. , centimetre, and 
G.C,I. stations all gave increasingly valuable help to our defences, but this was 
of a more specialised nature and only of full value when seen against the back­
ground picture depicted by the C.H. stations. 

The extension of the C.H. Chain around the whole coastline, together with 
improved equipment and the provision to the majority of stations of adequate 
reserve equipment for use during maintenance and breakdown periods meant 
that Filter Rooms were always able to get a general idea of tJ1e activity in their 
area. C.H. stations again proved their wor th particularly during periods of 
enemy jamming. Although they were often themselves affected , the enemy's 
attention appeared primarily to be directed towards the higher frequencies of 
the C.H.L. stations, which were sometimes rendered almost unserviceable. 
It was only rarely that C.H.L. and C.H. stations were jammed so intensively 
at the same time that adequate information could not be provided from either 
source. 

'See Appendix No. 19 for all new station locations. These we~e t~ken from No. 60 Group, 
O.R."B. 



The East and South-East Coast stations were particu larly busy in these days, 
as here most of the Royal Air Force bomber activity was concentrated. Cathode 
ray tubes· were often saturated with echoes when a heavy formation of bombers 
was plotted outwards over the sea, and frequently several hundred responses 
would be seen at a time, making individual tracking impossible and accurate 
estimation of numbers extremely difficult. After the one-thousand bomber 
raid on Cologne of 30/31 May 1942 one East Coast station's report read " tube 
was solid with echoes "- another report described it more enthusiastically as 
"literally ddpping with echoes."1 An indication of the activity displayed on 
the tubes is given by High Street's station report, which recorded on 4 August 
1943, eight-hundred plus friendly aircraft as being seen at one time ; and on 
30/31 of the same month they reported one-thousand aircraft. Despite the 
large numbers of aircraft seen, stations yet managed to pass readily intelligible 
infom1ation to Filter Room, and maintained a high standard of accuracy. A 
report dated March 1942 from the Headquarters, No. 75 Wing Operations Log 
stated that2 " a fighter sweep and large formations of hostile aircraft were 
plotted at the same time. The accuracy of the plotting was directly instru­
mental in enabling Royal Air Force Station, Tangmere fighter aircraft to shoot 
down eight enemy aircraft without loss. Poling (C.H.) and Truleigh . .L.) 
R.D.F. Stations saw most of these tracks." 

An example of the increased range obtainable with improv. d equipment, 
allied to favourable weather conditions, was provided by Steni ot C.H. Station 
which, on 26 June 1942, plotted a high-flying photograpt c reconnaissance 
aircraft all the way to Bremen, a distance of 340 roiles.3 

Technical Improvements to C.H. Stations, 1942-1943 
The main technical modifications to C.H . .. ~tations d ing 1942-1943 were 

concerned with tbe simplification of operation of t e R.D.F. equipment, 
improved presentation to the Observer and more effect ve liaison between the 
Observer-Plotter and the Tracker, all leading to increa d accuracy and speed 
of the R.D.F. information. Outstanding among these evelopments installed 
at the more important C.H. stations were :-" 

(a) An improved C.H. station receiver, R.F.81 whit;;_h included the new 
Electronic Range Marker (E.R.M.). This \ atter '' electronic 
pointer '' replaced the range marker mechanical onpling between 
the Observer and Tracker cathode ray tubes on earlie ~e receivers. 

(b) A new Console, Mark III, containing major improvements to the 
Tracker and a much more practical lay-out of the controls of the 
radio portion of the Console (The Tracker Unit). 

(c) The Automatic Message Recorder- a device for the teleprinted 
transcription of R.D.F. information observed at the Station, for the 
station's official records for onward transmission to the Operational 
Research Section at Headquarters, Fighter Command. 

The decision as to the priority with which C.H. stations were to be fitted with 
this new equipment was taken by the Chain Executive Sub-Committee on 
4 July 1942.6 The work was well in hand by autumn 1942, but all stations 

1 No. 74 Wing O.R.B. :. No. 75 Wing O.R.B. 3 No. 73 Wing O.R.B. 
t The earlier types of range marker and tracker unit were described in Chapter I I . 
5 Air Ministry File C.S. 16358, Encl. 3A. Details of the Receiver R.F.8, the Console, 

Mark lII, and the Automatic Message Recorder a.re given in Appendix No. 22. 
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could not be supplied with completely new receivers and consoles. Under the 
reverse Lease-lend agreement with the United States of America, some of the 
first new R.F.8 receivers off production were sent direct to America for use on 
their developing Pacific Coast Chain of R.J).F. stations. In order to avoid any 
delay occasioned by this diversion of new equipment, the existing R.F.7 
teceivers on some of the Home Chain stations were converted into R.F.8 design 
and the necessary modifications made to the existing consoles. During busy 
periods of enemy or friendly aerial activity the Automatic Message Recorder 
did not find favour with R.D.F. Operators, who preferred to use manual 
reco~ding instead. T~e ot?er C.H. station_ improvements, ,however,_ to the 
receiver and console did m ·eh to ensure the increased operational efficiency of 
the stations, and so enable them to deal with the heavy aerial activity which 
[ell t9 their lot <luring 194 and 1943. 

General R.O.F. Ground St tiou Policy for 1942-1943 

Towards the end of 194 Air Ministry reviewed the capabilities of the R.D.F. 
sets then in use, with a vie to planning development and manufacture for the 
ensuing year. Ten basic se were then in use by the Royal Air Force, divided 
into the following groups :-

(a) C.H. (Chain Home), .R.U. (Mobile Radio Units), A.C.H. (Advance 
Chain Home) and the· overseas equivalents. These stations used 
masts or towers and th oniometer method of direction finding, 
giving radio "flood-lighting.' ' 

(b) C.H.L. (Chain Home Low) and G. . . (Ground Controlled Interception} 
stations, using beamed transmiss·· or rndio " searchlight •• 
technique. 

(c) The Naval Type 271 equipment, a beamed transmission using ultra-high 
frequency and parabolic reflectors. 

(d) High powered Air-to-Surface Vessel (A.S.V.) equipment which used a 
beamed transmission adapted for highly mobile ground use. 

It was considered that the development of the ultra-high frequency R.D.F. 
technique should be carried out as an adjunct to the existing C.H. and C.H.L. 
Chain systems. The former policy had been that the C.H. stations, using a 
"radio floodlight '' technique, were the only satisfactory method of long-range 
warning and had the advantage of being able to estimate the heights at which 
aircraft were approaching. In 1940 this conclusion had been quite correct, as 
comparison of the "floodlight'' technique with radio beam or "searchlight" 
methods had been made between the then existing C.H. and C.H.L. stations. 
By 1942 the newer centimetre (or ultra-high frequency) equipment gave several 
advantages, the chief being that it could detect surface objects and, in its 
specialised form (Type 13, Mark l), could be used for height-finding by tilting 
the beam. By the beginning of 1942 there was no doubt that although th.e 
C.H. station Chain would continue to give effective long-range early warning 
on high-flying aircraft, the future development of R.D.F. lay in the perfection 
of beam systems used in conjunction with tbe Plan Position Indicator for 
detection at shorter range, surface watching and the plotting of very low-flying 
aircraft. 

1 Air Ministry File SA 1234/II, Encl. 113:a. 
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Summary of R.D.F. requ.iremen 
The Air Ministry appreciation of the requirements of R.D.F. at the beginn ing 

of 1942 was summarised in thre types of R.D.F. ground equipment only ;_t 

(a) The C.H.L./G.C.I. gener l purpose set, its functions varying according 
to the type of set and being available in either permanent or hutted/ 
mobile form. 

(b) A special surface-watch/ ery-low cover set. This would use ultra-high 
frequency technique d would be an adjunct to existing stations 
already sited on high g ound, or could be mounted on a tower when 
high land was unavaila e. 

(c) A very mobile set capable o going in a light vehicle and providing power 
for its own plant, for em gency use at home and also for providing 
cover to forces operating in the field in overseas theatres. This 
simplification of the require ents was to have a considerable influence 
on the production side. o often in the past ouly " Crasb '' 
production and installation p'I<Qgrammes had enabled reasonably 
adequate R.D.F. cover to be prov'tded. The shortcomings of the 
equipment were only found when in operational use. Now the 
benefits of experience were beginning to show themselves in this 
standardisation of future requirements. 

" Intruder " Aircraft 
During 194 I, when the enemy night bomber- offensive had been a1 its 

height, Fighter Command had developed a policy of " intruder aircraft" over 
enemy airfields. These " intruders " had awaited the return of the enemy 
bombers and attacked them as they attempted to land. The enemy adopted 
this method and adapted it to their own requirements during the 1942-43 
period when the Royal Air Force bomber offensive was pressed home with 
increasing vigour. Their " intruder" aircraft flew in with our returning 
bombers, often escaping detection until they were right over one of our airfields. 
The fu_st indication of their presence only too often was the ar.rival of a bomb 
or machine-gun bullet. Entries such as the following in the operational logbooks 
of the Chain stations are common.2 

Stenigot C.H. 23 February 1942.- " Twenty-five bombers went out 
south of station. Returning bombers picked up at various ranges and 
were followed by a small number of hostile aircqtft flying at same height." 

Staxton C.H. 13 March 1942.-" During the evening hostiles came in 
with returning · bombers. Incoming hostiles plotted. Twenty-three 
responses, seventeen hostiles.'' · 

73 Wing Ope;rations Report. 12 December 1942.- " Random hostile 
activity. ·Enemy aircraft approached as our bombers returned, making 
identification very difficult." 

In the vast majority of cases the problem was not one of non-detection but 
one of identification. The hostile aircraft were nearly always seen by the. 
R.D.F. stations, but the numbers on the tubes were such that individual tracking 
of aircraft was impossible, and macroscopic plotting (or area reporting) was 
adopted instead. In this case a general plot was given of the front and rear 
edges of a formation, in the case of a C.H. station, with a mean height and an 
estimation of the numbers in the area. The C.H .L. stations passed plots on 
.t he four corners of the area raid. On the Filter Room table a four-cornered 

1 Air Ministry File S.41234/TI, Encl. 113s. 
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raid would be shown, with mean hejg ts and estimated numbers, but within 
this area no individual tracks were filte ed. Thus it was not always possible 
to identify hostile aircraft when their be ing and height were similar to that 
of the returning born bars and when they ap 0 ared in the middle of a formation. 
The chief contributory cause to lack of, or d ay in identification, was the fact 
that so few of the British bombers showed I.F. All bombers were fitted with 
it, but many crews failed to switch it on when ret ning home, thus making the 
tasks of Filter Room and the R.D.F. stations ev more difficult. Had all 
returning bombers shown I.F.F. then the intruder wou have been easily spotted 
and a separate track could have been maintained. Co slant complaints were 
made to this effect by the R.D.F. stations, and some imp vement was noted, 
but the percentage of LF.F. shown in a raid still remained in tficient. 

As it was, it was very difficult in a mass raid to distinguish whicl:!._ particular 
aircraft were showing I.F.F. The introduction of Mark III I.F.F. :rnade-some­
improvement. When first introduced, this system proved by no means perfect, 
though providing more information than did the Mark II I.F.F., but constant 
research undertaken during 1942 to improve its stability and operafional use 
had its effect and was shown by· better performanc:e. vVhen single tracks only 
were on the tube it worked very well, but in a mass raid it was difficult to relate 
an I.F.F. response to any particular aircraft. The increased recurrence rate 
of Mark III however did to some extent simplify the R.D.F. Observer's job. 
Another great advantage was that it could be seen by all types of R.D.F. 
stations, and when more than one station was seeing a track, Filter Rooms were 
able to get confirmation of I.F.F. reports, thus assisting them in the difficult 
task of identification. 

An Operations Research Section report reviewing hostile intruder action during 
1943, stated that on the average there was one enemy a ttack per 4 · 5 friendly 
bomber nights.1 Attacks were generally confined to the region of airfields, 
and the area most affected was to the East of a line Hull/Cambridge/Worthing, 
East Anglia being particularly affected. The following comments were made :-

(ll) The operational limitations of tracking by the Radar-Filter Room 
system were such that recognition and tracking ot a small number of 
hostile aircraft could not be expected in the following conditions :­

(i) At the time and in the area when " area raid " technique was 
in operation. 

(ii) When numerous friendly aircraft were going out or corning in 
over a wide front and when there were more than fifteen 
tracks in any area 100 kilometres square_ 

(b) Early radar warning of hostile activity might have been given, but 
continued plotting of the hostile aircraft as far as the coast could 
not be relied on in the following conditions :-

(i) When there was moderate or heavy density of friendly activity 
near the coast (e.g., fighters in the Thames Estuary, or 
trainers in the Wash area) . 

(H) Whenever tracks near the coast were not coming straight in 
or out. 

(iii) When there was heavy friendly activity inland, 
It must not be thought tl1at the Home Chain failed completely with respect 

to the detection of these intruders. The job of the Chain was to pass details 
1 O.R.S. (A.D.G.B.) Report No. 13, 3 January 1944, and Air Ministry File C.S. 19224/1 

Encl. 98A. 
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of tracks to Filter Room; the identification of tracks and the use made of such 
infonnation was tbe responsibility of Filter Room and Operahons Room staffs. 
The whole trouble was that with heavy activity it was impossible for the I-tome 
Chain to pass satisfactory information on separate tracks, and even had they 
been able to do so, Filter Room woufd not have been able to deal with them all. 
The matter was discussed in August 1943 by the Deputy Chief of Air Staff 
in a report to the Chief of Air Staff. He stated that the failure to obtain 
adequate warning of these raids was due to faulty identification, which arose 
from a few hostile aircraft coming in mixed with homecomin,g born bers.1 There 
was no evidence of any deterioration in the performance of the Radar Chain. 
It was further stated that the problem of identifying a few hostiles among a 
number of friendlies, and vice versa, had been occupying the attention of both 
the technical and operational staffs for some years and in neither case did there 
appear to be hope of finding a complete solution. 

General Operati,011al Effidency of the Home Chain 
The enemy raids which adopted a technique designed to avoid observation 

by our R.D.F. stations, namely, very low-flying attacks and "intruder " 
operations, had provided the major problems to the Home Chain during the 
1942-43 period. Normal enemy activity in night raids between 10,000 and 
20,000 feet in height continued on a reduced scale throughout these years, but 
was usuaJJy adequately reported by the C.H. and C.H.L. stations. Although 
the major R.D.F. effort had been directed against the very low-flying raider, 
a close watch was kept on the C.H. and C.H.L. Chain with a view to maintaining 
it at maximum efficiency. Some criticism of the operational efficiency of the 
Home Chain was made in Fighter Command's Operational Research Section's 
report dated May 1943, in which it was stated that stations were worse operated 
than in the Battle of Britain days. This criticism was felt to be unjustified 
by Headquarters, No. 60 Group, for the following reasons :-2 

(a) At the time the report was written a considerable amount of re-fitting 
and installation was taking place on the E., S.E. and S. W. coasts, 
and a number of stations were using reserve channels in consequence. 

(b) There was a high percentage of inexperienced operators in Numbers 9, 
13 and 14 Groups, as these areas had been robbed in order to maintain 
a high standard in Numbers 10. 11 and 12 Groups, where activity 
was mainly eoncentrated. 

(e-) The Home Chain had been much diluted by withdrawal of operators 
for service on "Gee" and II Oboe" equipment in this country, and 
for general R.D.F. service overseas. 

(d) The vastly-jncreasing numbers of stations meant a corresponding 
increase in the n_umber of operators. Consequently it was not 
always possible to maintain the general level of efficiency which 
obtained in 1940, when operators were far fewer and could be " hand­
picked " as a result. 

(e) The estimation of numbers of aircraft in a formation, of which criticism 
was made, was very difficult and depended largely on the type of 
formation used by the enemy. On most offensive operations form­
ations flew tightly packed and it was doubtful if stations could 
always estimate the nwnber of aircraft accurately in such conditions. 

1 Air Ministry Fi le C.S. 19224/ 1. Encl. 67 A. 
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During the Battle of Britain the ratio of enemy tracks to friendly ones was 
relatively high and there was neither time nor staff to apply a -meticulous 
analysis to station performance. The primary consideration was that of 
destroying the enemy and this aspect was satisfactory. There was at that 
time a very urgent need for a picture of aerial activity, however mediocre, and 
all information was thankfuJ!y received .1 By 1942 the Chain's best performances 
were regarded as normal, and there was ample time and staff for any 
discrepancies or mistakes to be noted. The current performance could be 
compared to the past only · when due allowance was made for the changed 
conditions . Invariably enemy aircraft approached our shores in a manner best 
calculated to defeat R.D.F. cover. Toe "SO-footer" aircraft and the current 
trick of flying in to the Yerge of RD.F. cover and then climbing to the height 
of 16,000 fee t in six rninutes or so were examples of his attempt to escape 
detection by the Chain. 

Sir Robert Watson Watt in August 1943 stated that there was a tendency 
in Aii: Staff to use the term " R.D.F. failed to see X," when the facts were 
that " no filtered track correspondjng to X appeared on the table." He was 
impressed by the number of investigated cases where the records of R.D.F. 
stations showed that adequate track data was provided but that it was mis­
.fi.ltered. This accounted, amongst other things, for some of the many fai lu res 
to deal adequately with low--:flying aircraft. Sir Robert did not consider that 
the proportion of effort directed towards (a) improved filter room perioi;mance, 
and (b) improved station performance had ever been rigbt, and he stressed the 
importance of maintaining the closest possible liaison between operating and 
filtering staffs.'.! Filter Rooms had many difficulties with which to contend 
and the only method of assisting them directly was in the simpliftcation of the 
information presented from the Chain stations themselves. This approach 
was fu1ly exploited by increasing the responsibilities of t he supervisors on 
R.D.F. stations and arranging for closer team work between the C.H., C.H.L. 
and centimetre .stations. 

lmproveweuts in Plouiug Procedure to Filter Rooms 
Directdonal Plot.ting.-C.H.L. improvements during 1941 an d early 1942 

made possible a speed of reporting whidi was far greater than any plotter at 
Filter Room could manage. The resul t was great congestion on the telling 
Jtne to Filter Room and consequent con fusion on the Filter Room table, with 
a loss of valuable information. In April 1942, therefore, an experiment was 
tried at Bawdsey in "Directional Plotting,"3 This was a metl10d whereby 
the C.H.L. stations, instead of passing plots to Filter Room direct from the 
P.P.I. tube, plotted the trac1cs on a perspex map in their Operations Room. 
On every third plot, a filtered position with a direction of tr;avel was passed to 
Filter Room. C.H.L. p lots were so accurate that there was little margin for 
error in the fiJteri ng. Di rectional Plotting presented a very good picture of 
the act ivity and cut down congestion on the telling line . In June 1942, 
Headqu-arters, No. 60 Group decided to trajn all C.H.L. ci:ews in Directional 
Plotting, and by the end of the year all stations from Beachy Head to Rame 
Head were reporting by this method. Later this form of plotting became 
cunent operational procedure at al1 C.H.L. stations. 

1 Air Ministry File C.S. 19224./1, E ncl. 6A . 2 lb-id., Encls. 53., a nd 66A. 
3 No_ 60 Grou p File G0G/51 / 19/5/Ops. 
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Combined Directional Plott:ing.-With three types of stations reporting to 
Filter Room-C.H., C.H.L. and C.H.E.L. (Chain Home Extra Low-the 
Centimetre sets)-i.t was found by the end of 1942 that information was often 
duplicated. Directional Plotting, so successful on C.H.L. stations, could not 
be used at a C.H. station, where inaccuracies in bearing made fi ltered information 
from the stations unreliable. In January 1942, however, a new conception of 
plotting based on individual station filtering was suggested, and this 
eventually came into operation as "Combined Directional Plotting."1 In 
this method, stations worked in teams, comprising one C.H. station, its 
associated C.H .L. station and the attached C.H.E.L. station. Within P.P.I. 
range (up to 90 miles from the C.H.L. station) all plots were passed by the 
C.H.L. teller to a Filter Room plotter sitting on the inland side of the Filter 
Table. A plotter at the C.H. station monitored the C.H.L. filter line and 
reproduced on a perspex map in the C.H. Operations Room everything passed 
by the C.H.L. If the C.H.L. station was p lotting, then the C.H. station supplied 
only ancillary information on the same track, such as raid strengths and height, 
for transmission through the C.H.L. station to the Filter Room. C.H. station 
plots were onJy passed on aircraft not within C.H.L. or C.H.E.L. cover. Beyond 
P.P.1. range, plots were passed to a. Filter Room plotter on the sea side of the 
table, on a line available either to the C.H. or C.H.L. station by throwing a . 
. switch. The C.H. sta tion Supervisor was able to act as a co-ordinator of all 
1nformation, and thus much of the filtering could be done at stations. This 
Combined Directional Plotting Method cut down the clutter on the Filter 
Room table and p lotters were enabled to plot more easily, as their plaques 
were always within reach. This method was tested in January 1943 with the 
Branscombe-Beer Head teams, proving most successful. It was then adopted 
by Bawdsey, and by May 1943 the No. 11 Group area was covered entirely by 
C.D.P. units; by the end of the year the method was in operation along the 
whole of the South and South-East coasts of England. 

Rcsb:'icted Plotting Area 

The Combined Directional Plotting pre-filtered information dispensed with 
the need for having multiple information on each track. I n June 1943 a 
system o[ Restricted Plotting Areas was introduced.2 The Filter Table was 
divided into small areas (about ten to each table) and each C.D.P. unit was 
allotted up to about four of these areas. The boundaries were chosen so that 
each C.D.P. unit reported in the area of its best coverage, and generally not 
more than tbree unjts reported in each area. This allowed for concentrated 
plotting on tracks within the boundaries, but prevented confusion from long­
range plots passed by stations outside the areas, and resulted in an appreciable 
improvement in the interpretation of R.D.F. information by the Filter Room . 

Change in Nomenclature--" Radar " 

In order to avoid differences in terminology between the Allies, the name 
"Radar" {Radio Detection and Ranging) used in the United States of America 
for radiolocation, was officia1ly adopted instead of" R.D.F." in September 1943. 

Radar Preparations Made for Anticipated Attacks by Enemy Long-Range Rockets 

Early in 1943 Intelligence reports revealed that the enemy was working on 
new weapons, believed to be long-range rockets, and preparations were 
accordingly made so that the Home Chain would be equipped to meet this 

1 No. 60 Group File 60G/Sl /19/5 Ops. • Headquarters, Fighter Command O.R.B. 
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menace immediately it came into use. An Inter-Departmental Committee 
was set up in June 1943, under the chairmanship of Sir Robert Watson Watt, 
to discuss the possibility of the enemy using rockets to attack this country, 
and to make recommendations from the radar aspect.1 In a report dated 
12 June 1943 the Committee stated tbat as the firing points would probably 
be numerous it was most important that associated range and bearing data 
on' each target should be obtained from individual radar stations. It was 
thought that this could be obtained, with a probable increase in maximum 
range for observation and with a subsequent improvement in immunity from 
jamming, by the installation at selected C.H. stations of an equipment 
developed at the Telecommunications Research Establishment in 1941 and 
known as Cathode Ray Direction Finding (C.R.D.F.) . The equipment had 
been used experimentally at Dunkirk in i942, when it was thought that it 
might be installed as a reserve equipment in the event of C.H. operations 
becoming impossible through German jamming, but had never come into 
general use on the Chain. The Committee felt that it could be of value in 
obtaining the special information required in rocket data, as it displayed 
instantaneously, visibly, and in a form suitable for continuous or intermittent 
automatic photography, range and bearing information for all targets within 
an angular sector of about 120° in front of the C.H. station. 

The Committee therefore recommended that a prototype C.R.D.F. set held 
al the Telecommunications Research Establishment (T.R.E.) should be installed 
immediately at the C.H. station at Rye, l inked to the Mark III aerial array, 
and that a second set also at T.R.E. should be sent to Pevensey. Improved 
1nodels were to be developed and later installed at Poling, Ventnor and Swingate, 
and to supersede the equipments at Rye and Pevensey. It was further recom­
mended that a second cathode ray tube should be incorporated to give a direct 
elevation display. Other recommendations from the Committee were the 
development of photographic recorders, the provision of extra telephone 
facilities, and the development and production of special recorders to give a 
range/time display. Instructions were also drawn up for radar operators in 
the area where bombardment was expected ; it was anticipated that London 
would be the main target, with possibly subsidiary attacks on Portsmouth or­
Southampton. Two members of the Committee, Mr. A. F. Wilkins of the 
Operational Research Section at Headquarters, Fighter Command, and Wing 
Commander Jennings, Operations Officer at Headquarters, No. 60 Group, were 
detailed to visit all C.H. stations from Swingate to Ventnor (later the area WJ3.S 

extended westwards to Branscombe) to initiate irnmecliate discussions of the 
problem with the technical and operational personnel of the stations. 

The " Bodyliue " Watch 
Although production and installation of the C.R.D.F. equipment was put 

in hand at once, it was apparent that it could not be operational for some months. 
rt was felt, however, tb.at the enemy might attack before that time, so that 
some form of special watch from the radar stations should be instituted 
immediately until such time as the C.R.D.F. equipment was installed. It was 
decided, therefore, to maintain a special lookout on the normal equipment at 
the C.H. stations, and this became known as the "Bodyline Watch." The 
strictest secrecy was maintaioed at all times; all radar personnel concerned 

' Air Ministry File, C.M.S. 99/I. Encl. 2A. 
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at the stations had to sign a certificate of secrecy, and they were screened from 
posting away from their stations. The normal R.F.8 standby receivers at the 
C.H. stations were used. Besides the usual C.H. station crew two additional 
personnel were required, one to man the cathode ray tube and the other to 
read the range drum. A paper strip was placed over the range scale of the 
tube, to be marked with a vertical line coincident with the spot should an 
echo appear. Very accurnte range and bearing records were required, and in 
order that times should be correct, a new system of synchronised time signals 
were issued from No. 11 Group Filter Room, and each station was issued with 
two stop-watches.1 Very close and accurate observation was required of the 
" Bodyline " crew, as any response seen would necessarily be of very brief 
duration. 

All C.H. stations from Swingate to Branscombe were maintaining a continuous 
'" Bodyline '' watch by 31 July 1943. It was then decided to extend the 
watch to C.H.L. stations in the same area; although their information was 
not likely to be as valuable as that anticipated from the C.H. stations, it was 
yet felt that no chance should be missed of getting all available data. Accord­
ingly the C. H.L. stations were all maintaining the "Bodyline" watch by the 
beginning of September 1943. At the same time T .R.E. had undertaken to 
man a suitably equipped trainer for C.R.D.F. and this equipment , followed in 
September 1943 by a second similar outfit, made a tour of all the relevant 
stations giving practice to all operators in operational technique. Lectures 
and discussions were given by the officer-in-charge, and comment and criticism 
freely invited from the crews. On 8 September 1943 the Assistant Chief of 
i\ir Staff (Operations) issued an instruction to the effect that t he "Bodyline " 
watch might be suspended only in the case of (a) the period during which a 
station was receiving training instruction, providing only one station at a -time 
was being trained, and (b) during the installation in the Operations Room of 
the C.R.D.F. equipment.2 ihe normal reporting functions of the stations were, 
of course, unaffect ed by this order. 

C.R.D.F. Equipment 
The standby R.F,8 receiver was modified so that two cathode ray tubes 

appeared in front of the operator and two control knobs. One tube displayed 
a normal range-time base, with the exception that echoes appeared both above 
and below the trace.8 A bright spot appeared on this trace, controlled by the 
strobe knob, and by its use the appropdate echo could be indicated or strobed. 
On the second tube a " cursor " line was displayed along a diameter which 
could be rotated about the centre by means of the azimuth knob. This bearing 
il:.ube also displayed the signal as a line so that the direction from which the 
signal was received could be read from a circular scale. When the strobe knob 
was turned so that an echo on the range tube was brightened a line of light 
appeared on the azimuth t ube, the operator rotated the bearing knob until 
the cursor line lay in the same direction and the bearing was then read from 
the.position where the bearing scale was cut by the cursor line. With practice, 
it was possible for the operator to obtain good D/F readings very quickly by 
this method. The speed of R.D.F. plotting by C.R.D.F. was much higher 
than that by the standard Home Chain equipment. 

1 Air Ministry File C.M.S. 99i' l , Encl. I llA. 2 Ibid., Encl. 100A. 
• Air Ministry File C.S, 8688, Encl, JOA. 
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The prototype C.R.D.F. equipment from T.R.E. was installed at Rye in 
July 1943 and at first was manned only by a special watch. Installation at 
Swingate and Ventnor followed in September, and the new model at Rye, 
together with equipments at Poling and Pevensey, followed in October.1 By 
6 December the five stations had been calibrated and were fully operational, 
and by the end of the month the westward portion of the C.R.D.F. chain­
Southbourne, Ringstead and Branscombe was operational too. The Remote 
·Reserve station at St. Lawrence and the I.C.H . station at Dymchurch were 
found to be unsuitable for C.R.D.F., but they maintained a continuous watch 
for rocket incidents on Lhe tracker tube of their normal set. 2 

An additional measure adopted to help in the accurate location of firing 
points was a special electrical high-speed tracker, with a photographic attach­
ment which automatically recorded photographs of the trace on a continuous 
film. A record was made of range, rate of change of range and time bearing 
data. Authority was given in July 1943 for installation of this unit- Display 
Unit, Type 53, or "Oswald," as it was known- at Rye, Pevensey, Swingate, 
Poling, Ventnor, Southbourne, Ringstead an<l Branscombe.3 The equipment 
was installed at Rye in August 1943, at Swingate on 28 August, at the remainder 
of the eastern C.R.D.F. <.:hain later in the year.4 Ringstead, Southbourne and 
Branscombe were not equipped until early jn 1944. Completed film and all 
available information was to be sent to Operational Research Section at 
Headquarters, Fighter Command, where a special Computation Unit had been 
set up to correlate all information received on long-range rockets. At the end 
of December 1943, four supernumerary technical officers were posted to each 
''Bodyline" C.H.station, with aprimaryresponsibility towardsthemaintenance 
of the photographic equipment and correlation of data obtained from the 
ftl.ms. 5 A switchable camer;:i. was also fitted to the C.R.D.F. receiver itself, 
and this was referred to as " Willie." This recorded azimuth, range and time 
data and had a high rate of film consumption, " Oswald " recording at a much 
slower rate. The respective rates were 12½ feet per minute and l · 2 inches 
per minute. In order to economise in film, only " Oswald " operated con­
tirmously, " Willie " being brought into operation only upon detection of 
suspicious signals. 6 

Duties of C.R.D.F, Crews 

The members of the crew on a C.R.D.F. station equipped with "Oswald" 
were four, assisted in the event of incident by the members of the normal 
reporting watch. The four special crew members were :- 7 

(a) Range Strobe Operator, 
(b) Range Drum Reader and Recorder, 
(c) Azimuth Cursor Operator, 
(t~ Display Unit Type 53 Operator, 

and their duties, briefly, were as follows :-
Range Strobe Operator.- trobed all new echoes in excess of 30 miles 

and in the event of an echo exhibiting" Body line" charac1eristics he made 
the C.R.D.F. camera switch and shouted" Bodyline." He held the strobe 
to the left hand of the echo, announced ranges and fades, and if the rocket 
had a '' tail," announced and strobed it. 

1 No. 75 Wing, O.R.B. • Air Ministry File C.M.S. 99/2, Encl. 29e. 
s Air Ministry File C.M.S . 99/1, Encls. 8Si\., 118A. 
• Air Ministry Flle C.M,S. 99/2, Encl. 29e. 5 [bid., Encl. 20A. 
6 Air Mini!>-try File C.M.S. 636. 7 Air Ministry File C.M.S. 99/1, Encl. 150A:. 
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The Azimuth Observer.-Resolved all azimuths presented by the Range 
Strobe Operator by means of the cursor and in the event of incident called 
all bearings on it and on all subsequent announcements by the Range 
Strobe Operator. 

The Range Drwm and Recorder.-On each announcement of a '' Body­
line. taiJ ," "range'' or '' fade,'' observed and recorded the figures shown 
on the range drum. 

Operator on "Oswald."-Sat observing the high speed tracker tube and 
on witnessing a characteristic echo shouted ' ' Bodyline " and pressed the 
camera switch which started the C.R.D.F. photographic recorder. 

In the event of incident, the following normal crew members assisted as 
follows:-

C.H.L. Monitor.- Recorded the time sequence of an incident on the 
stop-watch. 

C.H.L. Liaiso'n, Teller.-Was ready to provide a sequence of stop­
watches and paper masks for the C.H.L. monitor and advised the C,H.L. 
that an incident was running. 

C.H. Plolter.- Recorded the time of the incident to the nearest minute, 
recorded maximum signal/noise ratio and maintained accurate record of 
the sequence of events. 

Long Range T eller.- When the Range Strobe or Type 53 Operator 
called ' ' Bodyline" he warned the Filter Room by saying I< Bodyline 

• at .. .'' and was additionally responsible for checking the stop-watches 
against Filter Room time signals. 

Duties of the Recorder.- He was responsible for reloading the C.R.D.F. 
camera after every incident or otherwjse as necessary. 

Use of Stations, Type 12 
In addition to " Bodyline " cover provided by the C.H. and C.H.L. stations, 

provision was made for mobile stations to be used for similar duties in the 
event of the C.H. stations being rendered non-operatiot1::al through enemy 
jamming.1 These stations, known as Type 12, were originally devised to use 
a beam technique, but were specially modifi~ d to "floodlight " use. Installa­
tion of the Type 12 stations was completed at Ramsgate, Hythe, Hi,ghdown 
Hill, Bexhill -and Whitehawk in October 1943.2 Crews were to be drawn from 
the neighbouring C.H.L. stations in case of necessity ; all such equipments 
were not continuously manned. They were maintained fostead on a " Care 
and Maintenance" basis, but were able to be brought into immediate use 
should enemy jamming render this necessary, on the authority only of the 
Air Officer Commanding-in-Chief, Fighter Command. 

All these preparations were made solely on the basis of intelJigence information. 
There was no precise knowledge on which to build up new radar defences. 
Everything had been done which could reasonably be xpected from jntelligent 
foresight to prepare the Home Chain to meet this anticipated new form of 
oombardment, if and when it should occur. 

1 Air Ministry File C.M.S. 99/1, Encl. 130B. 
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CHAPTER 17 

R.D.F. RAID REPORTING IN THE LANDINGS IN 
NORTH-WEST AFRICA (OPERATION " TORCH ") 

After the French Government capitulated in July 1940 and the Axis sphere of 
influence extended in the central and western Mediterranean with the advent 
of Italy into the War, there were many strategical advantages to be gained 
by a military operation against French Morocco on the south-western Mediter­
ranean sea-board. The -western end of the Mediterranean was the key-point 

, in the British blockade, and the strategic importance of the French North 
African Colonies in support of the blockade was not lost upon the British 
Government. In addition, the Cltiefs of Staff feared a German advance 
southward into Spain and there was little prospect of serious Spanish resis tance 
being forthcoming. Above all, there was the incentive of the moral victory 
which would be won if the French in Nortb Africa could be roused tb continue 
the struggle against the Axis. 

With the fear of invasion threatening the United Kingdom and the acute 
shortage of war materials even at home , it was hardly possible at that time to 
launch a campaign of the magnitude required for a North African venture 
unless there was a guarantee of French support. Efforts -were therefore made 
to rouse the French by offering considerable assistance should they decide to 
re-enter the War. These attempts, initiated in December 1940 by Mr. Churchill, 
were continued throughout 1941 · whenever there were forces to spare or the 
political situation .in Vichy France seemed to offer a chance of the French 
in North Africa attempting to escape from German domination. With the 
entry of the United States into the War, the policy of helping the French in 
North Africa to resume the struggle against the Axis was adopted at the 
Washington War Conference (December 1941-Janua.ry 1942) as a combined 
Anglo-American operation. 

Throughout 1942 various proposals for a "Second Front'' were made. 
It was obvious to Chiefs of Staffs that the Allies could not launch a cross­
Channel invasion that year, so the proposed help to the French in North Africa, 
which had been abandoned in March 1942, was revived, Th.is time, however, 
the Allies were not merely desirous of assisting the French; they were determined 
that should the French not come over to their side, Morocco and Algeria would 
nevertheless be occupied. The Allied forces were then to seize Tunisia as 
expeditiously as possible. In addition to these basic aims, it was intended to 
establish a s triking force in French Morocco that could ensure the control of 
the Strait ?f Gibraltar by moving, if necessary, into Spanish Morocco. 

General Plans for Operation " Torch " 

The Code Name "Torch" was given to this impending operation and the 
elements of the earlier plans were revived and revised. 1 Tbere was a consider­
able period of negotiation between Allied Staffs before the places of assault 
were decided. Ultimately, on 31 August 1942, after several plans had been 
drawn up, Oran, Algiers ~nd Casablanca were selccted-D-day for the 
invasion of North Africa being fixed for 8 November 1942. Frnsh pla.us and 

1 Prior to March } 942 planning for an opern.tlon against North Africa had been known 
successively as Operations" Cackle,'' •· Gymnast" and·• Super-Gymnast." 
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instructions had therefore to be compiled and forces embarked in a time-limit 
of just over two montbs,,e stupendous task for the first large-scale amphibious 
landiJig involving British troops to be carried out since Gallipoli in 1915. 

After such events as the British occupations of Syria and Madagascar, and 
the naval actions against the French Fleet at Oran and Mers-El-Kebir, it was 
thought that the French were more likely to co-operate in North Africa if 
Operation "Torch " had, externally, an American complexion. It was there­
fore decided that Oran should be attacked by American Army forces with 
British naval and Air Force units. Algiers was to be assaulted initially by 
Americans, to be followed up within the hour by a British force supported by 
British naval and air units. Casablanca was a wholly American undertaking. 

Responsibilities of the Allied Air Forces 

The air cover so essential for such an operation was to be divided between 
the American and British Air Forces. Both forces were given separate r6les 
and zones of responsibility.1 The 12th lJnited States Army Air Force, known 
as the Western Air Command, in an area bounded by the Atlantic coast of 
Morocco and a line north and south through Cap Tenes in Algeria, was to be 
responsible after the initial landings for assisting in the subjugation of the 
Frencb forces if they offered resistance, and subsequently providing air support 
for the United States Army in the event of the occupation of Spanish Morocco 
becoming necessary. They were also to build up a force for a later move 
into Tunisia. 

The role of the British Royal Air Force, which was called Eastern Air 
Command, was to-

(a) provide air cover and support for the initial assaults; 
(b) protect the bases and communications against air attack and, in 

conjunction with naval forces, against attacks by submarines and 
surface raiders ; 

(c) disseminate propaganda by leaflet dropping; 
(d) provide air co-operation and support for land operations subsequent 

to the assault: 
(e) provide an offensive air striking force for strategic bombing; 
(/) provide protection for Allied shipping convoys. 

The initial assaults on Oran and Algiers were to be covered by carrier-borne 
squadrons of the Fleet Air Ann and that on Casablanca by shipborne aircraft 
of the United States Navy. To fulfil the role allotted to the British Air 
Forces, shore-based ground units of the Royal Air Force had to be provided 
for many varying tasks, not the least of these being the ground search R.D.F. 
units for early warning and the control of fighter aircraft.2 

· 

The plans as to size and composition of the forces required for the operation 
were governed almost entirely by the limitations of available shipping. 
Personnel and material considered to be required for the operation were available 
in qµantities far in excess of tbe amount of shjpping that could be escorted by 
the Navy in each convoy. This reduction of shipping capacity necessitated 
drastic cuts being made in the material requirements, and consequently had a 
considerable effect on the scales of supply of R.D.F. equipments in the initial 

1 Air Ministry File C.26023/45, Report on Operation "' Torch " by Sir William Welch, 
para. 25. 2 Ibid., Appeod.ix " B." 
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~ages of the operation. When the bids were made for shipping space they 
were so cut that only SO per cent. of the necessaty vehicles could be taken in 
~he early convoys. 

General Plans for Ground R.D.F. in Operation " _Torch" 

As it was not clear as to whether the assault would meet with resistance or 
not from the Vichy French military forces in North-west Africa, two plans 
were originally prepared, but it was finally decided that the plan must be 
adopted which .assumed full opposition by the French. Thus the system 
of loading based on this assumption had to be carefully worked out and a 
somewhat slow build-up in the theatre of operations became inevitable. 

At the time Operation " Torch" was planned it was still assumed that the 
only way in which R.D.F. could be used satisfactorily was to group a number 
of dispersed R.D.F. stations round a central Operations Room, to which they 
might report, and to repeat this system at various intervals throughout the 
territory to be covered until they formed a chain basically similar in principle 
to that functioning in the United Kingdom. This system had proved a great 
success at home and in Libya, and, given time to become fully operational, 
might have proved invaluable at Singapore. 

It is regrettable that the outstanding success of the improvised mobile 
C.O.L. stations used as Fighter Directors in the Western Desert by Headquarters, 
Middle East, could not have been exploited in this Janding.1 Instead of 
developing a mobile R.D.F. system along Fighter Direction lines which could 
niove with advancing ground forces, and providing for a later build-up of raid 
reporting stations for the territory occupied when the military position had 
become stabilised, they continued to make provision for the formation of a 
static chain to extend the entire le.ngth of the Algerian coastline. 

For the initial provision of R.D.F. cover to land with the assault forces on 
D-day, it was planned that Light Warning Sets were to be used. This new 
equipment had been developed at the Telecommunications Research Establish­
ment (T.R.E.). There had long been a requirement for a portable R.D.F. 
warning set in the field. It will be recalled that such a need had been 
apparent in the Middle East in 1941, and that as a temporary expedient 
a number of pack-sets had been constructed using standard A.S.V. radio parts.2 

The chief drawback with this type of pack-set was its range, 15- 20 miles on 
aircraft at 10,000 feet. Preliminary work had been embarked upon in 
January 1942, to produce an improved light warning set. The transmitter 
and aerials were developed at Metropolitan Vickers while T.R.E. had the 
cesponsibility for the development of a nine-inch Plan Position Indicator. 
Designs for the turning gear and aerials were largely taken over by T.R.E. 
The receiver was the orthodox equipment used in A.S.V. apparatus and the 
whole unit, working on a frequency of 176 megacycles per second, would pack 
into one 3-ton lorry and could be erected in a tent in a matter of an bour. The 
range of this equipment on aircraft at 10,000 feet was about 40 miles. Rough 
height-finding was possible by the comparison of signals from two Yagi aerials 
at different heights. 

The Light Warning Sets to be available for Operation "Torch" were put 
together in Air Defence Research and Development Establishment work­
shops, as the contracts with Metro-Vickers had been delayed and production 

1 Chapter 12 of this volume describes tbi.s successful use of mobi.le C.OL. stations. 
i Sec Chapter 12 of this volume. 
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did not meet the dates demanded. A total of six hand-produced sets were 
demanaed from .A.D.R.D.E .. some of which were to make their operational 
debut in the North African Landings. 

After the Light Warning Sets had landed in the D -day assault, the RD.F. 
build-up was to begin with the arrival of C.O.L./G.C.L mobile stations on 
D + 4, followed by a steady reinforcement of the territory gained by Allied 
ground forces of two similar equipments every fortnight.1 This R.D.F. 
programme was worked out on the assumption that there would be a fairly 
slow Army advance due to resistance on the part of the Vichy forces. 

Having decided on the general plan of the sequence of R.D.F. equipment 
to be used during the assault and build-up stages, the detailed plans for the 
American and British Zoi1es were then evolved. These are described separately 
under their respective zones in the ensuing paragraphs. 

Detailed Ground R.D.F. Plans for the American Zone (Westom Air Command) 
Planning for the Western Task Force and the Western Naval Task Force, 

which were to make landings at Casablanca, was done in Washington, and 
American R.D.F. equipment and personnel were to be used.2 The remaining 
planning was carried out in London. One Royal Air Force officer was attached 
to the American planning sta:ff at Norfolk House, and with a smaU group of 
American officers prepared the R.D.F. plans for the Centre Task Force which 
was responsible for the area from the Spanish Moroccan Border to Cap Tenes.3 

The intention was to provide R.D.F. cover as early as possible in the operation 
and then to begin a steady build-up of a chain of ground R.D.F. stations.4 

One Light Warning Station was to be despatched in the Assault Convoy in 
company with a Wireless Unit, which consisted of a multiple collection of 
listening-watch receivers and observer units. These were to be followed by 
four C.O.L./G.C.I. stations in the Follow-up Convoy three days later. On 
D + 14 a second Wireless Unit was to arrive, and on D + 28 two Mobile 
Radio Units, similar to those used in the Middle East campaigns, and two 
more Light Warning Sets were to complete the ground search R.D.F. facilities 
for Operation ' ' Torch" in the American zone of responsibility. AJI the sites, 
except those for the Mobile Radio Units, were chosen by the planning Staff 
.in London with the aid of contour maps and aerial photographs; the maps 
were rather old and unreliable. Tentative sites only were selected for the 
M.R.U.s as it was considered that there would be ample time to choose these 
at leisure as the sets were going in at a iater date. The rest of the equipment 
was to be sited as follows :-

A .M.E.S. No. 890 to act as a C.O.L. Station at Cap Carbon. 
A.M.E.S. No. 899 to act as a C.O.L. station at Cap Falcon. 
A.M.E.S. No. 8000 to act as a C.O.L. station at Cap I vi. 
A.M.E.S. No. 8001 to act as a C.O.L. station at Cap D'Acra. 
A.M.E.S. No. 675 Light Warning Set at Arnm. 
A.M.E.S. No. 6003 Light Warning Set at Cap Tenes. 
A.M.E.S. No. 6004 Light Warning Set in reserve. 

1 No_ 333 Group . O.R.B. , Appendix" D, " Signals Instruction. 
2 C.O.S. (43) 98 (0) , 4 .March 1943- War Cabinet Chiefs of St11,fl Committee, North Africa 

Operations, Lessons io Signals Commun.ications, para. 2, sub-para. (g) . 
3 Map No. 8 shows locations mentioned in this chapter. 
4 Nana.tor's interview with Wing Commander J. Swinney, Royal Air Force, R.D.F. 

Liaison Officer with U.S. Forces ior Operation " Torch ." 
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The possibility of the Germans entering Spain and establishing bases there 
bad to be borne 1n mind and provision was made to extend the ground R.D.F. 
cover to the west with the extra Light Warning Set. If the Germans were 
to enter Spain early in the operation it would be necessary to divert a C.O.L. 
station to the west and sites had been chosen in preparation for such a 
contingency at Cap Milonia and Cap Tarsa. 

Detailed Ground R .D.F. Plans in the British Zone (Eastern Air Command) 
The most importa1H immediate objective in the assault on Algeria was the 

airfield at Majson Blanche, four miles south-east of Algiers. A landing was 
to be made on Surcouf beach. The a im of the forces landed there was to 
occupy the major air.field of Maison Blanche before dawn on D -day, 8 November 
1942, and the two smaller airfields at Sidi Feruch and Blida, so that fighter 
aircraft could be flown in from Gibraltar at the earliest possible moment.1 

All Royal Air Force assault personnel were to be landed at " Charlie " beach, 
Surcouf, although several other landings were to be made. · Two light 1n,obile 
R.D,F. sets were to go in with the assault-later R.D.F. supplies would provide 
the setting up o( a coastal chain similar to that operating in Libya.2 

The Royal Air Force Commander and his staff were to be ca.r-ried in H.M.S. 
B11lolo, the headquarters ship from which all operations were to be directed. 
Royal Air Force Signals section was to be a permanent part of the ship's 
company and was to be in contact with a small advance section of Headquarters, 
Eastern Air Command, in operation at Gibraltar, which in turn was to be in 
communication with the United Kingdom during the early stages of the 
campaign. 

A Royal Air Force advance party, consisting of Nos. 322 and 323 Wings 
together with two Servicing Commandos, two A.A. Flights, four Signals 
Sections and two Light Warning R.D.F. Sets, were to travel with the Assault 
Convoy. 3 These units were to be disembarked from the transport ships in 
which they travelled into landing cnrft, and then were to follow the assault 
troops over the beach. Their r6le was to assist five fighter squadrons to 
operate from Maison Blanche airfield until the anival of full Wing Operations 
facilities. 

The immediate aim of the Royal Air Force Signals section in the assault was 
to provide facilities for the control of the aircraft in the Algiers area. To 
assist in this endeavour the two R.D.F. Light Warning Sets were to broadcast 
plots by W /T for reception a.t the airfield and elsewhe11e as required. A.M.E.S.s 
Nos. 6000 and 6001 were to take part in the landing.4 The crews of each unjt 
were to travel separately, that of A.M.E.S. No. 6000 in a United States personnel 
ship and that of A.M.E.S. No. 6001 i.n a British personnel ship. The drivers 
and two vehicles were to travel separately in two British motor transport ships. 
On landing, the personnel of A.M.E.S. No. 6000 in company with the other 
parties were to report to the embarkation staff, who in turn were to fonn units 
in as large groups as possible and order them to move to Maison Blanche. 
The exception to this was A.M.E.S. No. 6001, who were to report to the 
Advanced Headquarters and go into operation in that area as rapidly as 
possible. In general, it was decided that it was impossible to issue precise 

1 Air .l\Iinistry Pile G.26023/45, para. 54 o·f report. 2 Ibid., Appendix " B.'' 
3 No, 333 Group, O.R.B., Appendices, Joint Operation Order for the Assault. 
4 lbid., Appendix " D." 
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orders for such an operation, the success of which must depend upon the 
individual untt officers acting with energy and initiative. Unfortunately there 
was no accommodation for an R.D.F. officer on the assault craft. Technical 
N.C.O.s were to be in charge of the Light Warning Sets. 

The first units to commence operations were to be No. 2 Force Headquarters 
and A."M.E.S. No. 6000. These two units were to proceed sufficiently far 
inland to be dear of the beach and while the Force Headquarters opened W/T 
and V .H.F. R/T with the Headquarters Ship Bi,lolo on pack sets and Gibraltar 
on a Tl 190 transmitter, the Light Warning Set was to start operating and 
passing plots on enemy or friendly aircraft activity as soon as possible. When 
the road to Maison Blanche was reported clear by the Army, the two Advanced 
Landing Ground Sections and A.M.E.S. No. 6001 were to proceed to the airfield. 
A temporary Operations Room was to be established on arrival and A.M.E.S. 
No. 6001 was to become operational just adjacent to it, passing in R.D.F. 
plots on aerial activity by telephone to be. provided from the land.line equipment 
carried by the Advanced Landing Ground Signals Unit, and also by W/T. 

R.D.F. Build-up in British Zone op to D + 28- Plans 

The first follow-up convoy was planned to arrive at Algiers on D+ 4. The 
R.D.F. equipment was to be increased by the following sets:­

A.M.E.S. No. 892 (G.C.l.). 
A.M.E.S. No. 893 (G.C.l.). 
A.M.E.S. No. 6002 (L.W.S.). 

Also p]annc<l to be included in the signals facilities on this convoy was a 
Wireless Unit and a Wireless Observer Unit. These were to supplement the 
raid reporting organisation by passing plots to a central Operations Room 
where they would be co-ordinated with the R.D.F. plots. The Wireless Unit 
obtained its information through listening to enemy W/T and R/T trans­
missions, and the Wireless Observer Onit by visual methods similar to the 
Royal Observe1· Corps in the United Kingdom. By D+4 it was considered, 
too, that sufficient signals equipment would have been landed to warrant some 
form of servicing organisation-No. 301 Mobile Signals Servicing Unit was 
therefore formed to deal with minor repairs and emergency assistance beyond 
the capacity of the R.D.F. unit mechanics. 

The instructions for the deployment of the R.D.F. reinforcements were 
in general terms. A.M.E.S. No. 892 and W .O.U. No. 87 were to report to the 
Chief Signals Officer on landing and he was to dispose of them in such a way 
that the best possible air raid warning system was provided for Algiers. He 
was then to arrange for A.M.E.S.s Nos. 893 and 6002 to proceed eastwards to 
provide R.D.F. cover for the advanced ground forces. 

The second follow-up convoy was to arrive on D+ 14. The R.D.F. supply 
was to be supplemented by two more G.C.I. stations and two Light Warning 
Sets:-

A.M.E.S. No. 895 (G.C.I.) . 
A.M.E.S. No. 894 (G .C.I.). 
A.M.E.S. No. 6004 (L.W.S.). 
A.M.E.S. No. 6006 (L.W.S.). 

A further W.O.U., No. 88, and a second M.S.S.U., No. 303, were to accompany 
this convoy. 
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The third and final convoy was due to arrive on D+28 and was to bring a 
further three G.C.l. stations and two Light Warning Sets:-

A.M.E.S. No. 896 (G.C.I.) . 
A.1VJ.E.S. No. 897 (G.C.I.). 
A.M.E.S. No. 898 (G.C.I.). 
A.M.E.S. No. 6007 (L.W.S.). 
A.M.E.S. No. 6008 (L.W.S.). 

Two more M.S.S.U.s, Nos. 302 and 304, making four m all, and a second 
Wireless Unit, were scheduled to sail with this convoy. Arrangements for the 
disposal of R.D.F. equipment brought by follow-up convoys were to be made 
by the Chief Signals Officer to meet the needs of the prevailing situation. 

Tl\e remaining ground search R.D.F. units were to arrive in Algerian and 
Tunisian ports by successive follow-up convoys a t fortnightly intervals and 
were to be disposed of in accordance with the military situation obtaining at 
the time.1 In tbe main, this equipment was to consist of G.C.I. stations and 
Mobile Radio Units, which were to be used to strengthen the R.D.F. coastal 
chain and extend i t to the east. The supply of M.R. U.s was left to a later 
date as they were cumbersome to move and more appropriate to static and 
defensive warfare than to ftPnt-line movement. 

Training of Ground R.D.F. Crews for the Invasion of North-West Africa 

The crews for the three Light Warning Sets designed to go in with the assault 
troops on D-day were picked from the Home Chain R.D.F. stations and sent 
to the Combined Operations training centre, H.M.S. Dundonald in Western 
Scotland, for Commando training.2 The crew of each set numbered twelve men 
with a:enior technical N .C.O.in charge : the unit to be completely self-contained 
with its own R.D.F. and W/T operators, cook and motor transport driver. 
While at H.M.S. Dundonald the men were toughened up by means of physical 
training, daily Commando assault courses and hard living under field <;onditions. 
To complete their technical training as a team of skilled tradesmen it was 
intended that the Light Warning Sets to be used in Operation "Torch" shou1d 
be sent up to H.M.S. Dundonald as soon as they came off production. This 
would have given the crews a chance to become fully acquainted wjth the new 
equipment before embarking on the invasion. Unfortunately these sets were 
not ready in time to be sent Lo the training camp and the first s ight their crews 
had of tl1is new and unfamiliar equipment was at West Kirby .Personnel 
Despatch Centre. H ere they were allowed three or four days only in which 
to practise setting up and taking down the gear. Owing to the rigid nature of 
the shipping time-table it was impossible to delay the despatch of the equipment 
in the convoys and therefore, no extension of this far too brief technical training 
period could be allowed. 

The trainjng of the C.0.L./G.C.I. crews on the other hand was handled with 
much greater efficiency. It had been instituted by Headquarters, No. 60 Group, 
and was canied out at No. 21 Signals Training Unit, Renscombe Down, 
Swanage. The crews were given a training programme covering practice in 
assembling and dismantling th.e technical gear, driving heavy lorries, route 

'Sie List of the units concerned in Appendix No. Z3. 
• Narrato(s interview wlth Wing Commander B:umphreys-OW'en, R ,D.F. Officer, Ea.stern 

.Air Command. 
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marches, lectures and medical instruction. On completion of trau11ng at 
Renscombe Down the units were dispersed to R.D.F. stations in the South of 
England where they continued their training under operational conditions, 
living in the field in the neighbourhood of the Home Chain stations. Operators 
and mechanics often shared watches with the station personnel and in most 
cases this worked out extremely well. The major complaint was the cancellation 
of all leave during training, as the time spent at the Personnel Despatch Centre 
at West Kirby allowed for a maximum of only three days embarkation leave. 

On the whole, this training system for the G.C.L crews gave excellent results; 
the men were keen and experienced and formed united teams. Good as the 
training was, however·, these crews were trained in raid reporting and control 
functions purely for defensive operations, and at no time was any suggestion 
made that the units could or .would be used for R.D.F. operations involving 
Roya.I Air Force tactical close support to the Army. 

Embarkation and Voyage 
Between 11 September 1942 and the end of that month, the R.D,F. units 

for the assault and build-up stages of Operation "Torch" for the Eastern and 
Centre Task Force were phased into the North-West Personnel Despatch 
Centres near Liverpool and Glasgow ; their technical equipment, folly packed 
and crated, being despatched separately with unif M.T. vehicles dfrect to the 
ports of embarkation.1 The training period, short though it had been, was at 
an end. The personnel were embarked at various dates during October on 
shipping convoys from British ports, the assault forces sailing on 26 October 
1942. Then followed the journey to t11e North African coast, a distance of 
approximately 1,500 miles, subject to U-boat attacks. The vessels on which 
the Assault R.D.F. units were shipped completed their slow convoy voyage 

· safely, re-fuelling at Gibraltar, and arrived off their appropriate NorU1 African 
beaches before dawn on 8 November l942, to await the beginning of the assault. 

The Landings in the American Zones of Responsibility 

The Western Task Force was to make landings at Casablanca, the Centre 
Task Force at Oran and Arzeu. The bulk of the American R.D.F. equipment 
in the assault convoy for the all-American Western Task Force was s1mk duri,ng 
the journey from the United States. The American Signals Aircraft Warning 
Battalion of the rnixed British-American Centre Task Force arrived without 
its equipment.2 The assault convoy containing . Royal Air force R.D.F. 
equipment, however, a rrived off Arzeu, East of Oran, in the early hours of 
8 November 1942. 

Before dawn the assault troops started going in and met with only light 
oppo::ition from the French, which they soon overcame. By the afternoon the 
first staff officers of the 12th United States Air Force and the Royal Air Force 
R.D.F. liaison officer went asnore. They were taken within 40 yards of the 
beaches by landing barges and then left to wade ashore up to their chests in 
water, presumably to give atmosphere to the proceedings as there was no 
opposition by this time.3 Accompanying them were the crew of one C.O.L. 

1 Royal Air Force Station, ~ite Waltham O.R.B .. September/October 1942. 
2 C.O.S. (43) 98 (0), 4 March 1943-War Cabinet C.O.S. Committee, North Africa 

Operations, Lessons in Signals Communications,, para. 2 1, sub-para. (a) . . 
• Report on Operation " Torch"-" R .D.F. used in the Centre Task Force " by Wlng 

Commander J. Swinney. 
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unit, one Light Warning Set, and one Wireless unit. By the foUowing morning 
the personnel had been fanned into collective units but the only R.D.F. 
equ ipment aboard the ship, the Light Warning S.et No. 675, t ook two more 
days to brfr1g ashore. Therefore as far as the assault phase was concerned, 
ground search R.D.F. played no part in the landing at Ar.zeu. Every effort was 
made to get A.M.E.S. No. 675 into operation, but several setbacks in the form 
of an acute lack of spares, the usual teething troubles with newly-designed 
equipment, and difficulties with power supplies caused considerable delay. 
1'he station did not become operational at its appointed site near Arzeu until 
D + 6, 14 November 1942. 

R.D.F. During the PeJ:iod Immediately Following the Assault 

On D + 3 a convoy arrived carrying four G.C.1./C .O.L. stations . Priority 
had not been given to R.D .F. equipment in the loading of ships and irate 
R.D.F. unit personnel had to stand by and watch much luggage being unloaded 
before their technical equipment could be taken off the shi.ps. A.M.E .S.s 
Nos. 890 and 899 were two of the units in the follow-up convoy. T he crew of 
A.M.E.S. No. 890 had made a wet-shod landing on D-day and were several 
clays getting their R.D.F. equipment unloaded from three separate ships. They 
moved as soon as possible to their assembly point and found that a road would 
have to be constructed to their site at Cap Carbon. Heavy rains which tu'med 
the ground into a bog added to their difficulties. The morale of the R.D.F. 
personnel was high however and keen competition arose between the men of 
this UJ1it and those oi A.M.E.S . No. 899, who had docked at Mers el Kebir on 
12 November 1942, as to which unit would become operational first . A.M.E.S. 
No. 890 fmallywas operational on 18 November 1942, beating A.M.E.S. No. 899 
by a day, the latter losing their aerial vehicle in the mountains, which delayed 
them.1 The two remaining C.O.L. units in the follow-up convoy, A.M.E.S.s 
Nos. 8000 and 8001, had similar trouble in collecting their equipment but after 
much perseverance became operational on. 21 and 24 November 1942, at Cap lvi 
and Cap d 'Acra .2 

'l'he Filter Roon;i 

The provision of Filter Room facilities had been an American responsibility. 
On setting up this reporting centre for the R.D.F. stations, they found Liley had 
not sufficient radio equipment to receive information from all the R.D.F. units, 
so it was necessary to use some of the equipment and personnel of one of the 
Wireless Uuits. A temporary Filter Room was set up in the French Observer 
Stations Centre at Oran. The filter map had been drawn in London on a piece 
of white oil-cloth and only had to be pinned on a table . ih.e Plotters and F ilter 
Officers, who were American, were rather slow at first thr'ough the lack of 
experience in the job, but they soon improved. By D + 12 t he Filter Room 
was op~rating well with four C.O.L. stations, A.M.E.S.s Nos. 890, 899, 8000, 
and 8001 , one Light Warning Set , A.M.E .S. No . 675, and approximately ten 
Wireless Observer Unit Posts telling in to it. On D + 14 the first enemy 
aircraft was plotted over Oran. The stations' plotting was accurate and as all 
the equipment was beam type there was no need for filtering, each station's 
plots lying pcacticaJly on iop of one another. 

1 No. 899 A.M.E.S. , O.R.B. 2 Nos. 8000 and 8001 , 0.R.B. 
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On D + 28 (6 December) two Mobile Radio Units and two additional Light 
Warning Sets were brought to Mers el Kebir. AJVI.E.S. Nos. 285 and 286, 
Mobile Radio nits types similar to those used in the Middle East, took some 
considerable time to amass their equipment and repair the damages they had 
sustained during the long sea voyage. A.M.E.S. No. 285 finally became 
operational at the end of February 1943 at La Plage de la Bouliche, a sandy and 
well-drained site. A.M.E.S. No. 286 had trouble with bad weather, and flooding 
of their site delayed the erection of the equipment. They came into operation 
ahead of A.M.E.S. No. 285 on 16 January 1943 at El Marsa.1 

A.M.E.S. No. 6003, a Light Warning Set, was attached to the 561st A.W. 
Signals Battalion, 12th Fighter Command, U.S. Army at La Senia airport. 
They found their equipment to be entirely different from that on which the 
unit had been trained. In the absence of secret documents, circuit diagrams or 
technical information of any kind, the erection and installation of the equipment 
presented a major problem. No wavemeter, an essential accessory with equip­
ment fresh from production, was included but the equipment was put into 
operation with great difficulty for testing purposes.2 Motor transport, and 
tents for sleeping accommodation were insufficient. In many small ways a lack 
of foresight was shown in the provision of non-technical equipment. Minor 
examples were the provision of nineteen inkwells for a unit totalling twelve 
personnel, five hundred duplicator stencils but no duplicator, and even the 
provision of Air Ministry Orders from 1918 to the current date lost some of its 
value in the absence of the relevant appendices. The unit moved to Cap Tenes, 
where the equipment had to be carried the last 150 feet to the site as the rocky 
nature of the ground precluded transport being driven over it. The personnel 
were billeted in a near-by hghthouse. 

A.M.E.S. No. 60041 the Light Warning Set which had been in reserve, 
found itse1f in a sorry plight after landing at Mers el Kebir. o one could give 
it instructions where to go and no equipment could be found for it. Some days 
later when its crew were walking disconsolately through the docks they noticed 
a particularly ragged M.T. vehicle with the canvas torn and sides crushed in . 
This was A.M.E.S. No. 6004's equipment.3 With great credit they became 
operational on 26 December 1942 at Cap Bacchus. Many breakdowns occurred, 
however, due to the set coming straight from production. 

Trouble with the Technical Equipment 

Considerable trouble was experienced with the technical components of the 
ground R.0 .F. sets and it became increasingly apparent that a much more 
careful vetting of the equipment should have taken place before it was 
despatched in the convoys. The practice of having only one R.D.F. mechanic 
on the establishment of each unit led to chaotic conditions in the event of his 
becoroi;1g a casualty, Many of the mechanics had been used to relying on a 
Wing technical section during their previous experience oo the Home Chain and 
consequently were inexperienced in servicing major faults. The lack of a 
first-rate R.D.F. mechanic on these isolated field units might mean a station 
becoming non-operational for far too long a period until the Mobile Signals 
Servicing Unit mechanics had been called in. 

1 os. 285 and 286 A.M.E.S., O.R.B. 2.No. 6003 A.M.E,S., O.RB. 
* No. 6004 A.M:.E.S., O.R.B. 
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Motor Transport 

The Light Warning Sets had one 15-cwt. motor vehicle only, which was quite 
inadequate to carry technical equipment, tents, domestic equipment and a 
crew of twelve. As these sets were primarily to be used for the assault phase 
they needed a high degree of mobility. Under the prevailing conditions in 
North Africa the personnel and equipment had to be moved alternately. 

The C.O.L. stations fared better. They had ten prime movers but only 
one motor. transport driver. This meant that M.T. maintenance could not be 
carried out efficiently and a total breakdown of any one vehicle caused delay 
to the entire convoy. Some of the lorries had been damaged in loading and 
unloading from the sea passage and many of the ancillary parts such as 
windshields, cabs, lamps, etc., were destroyed completely. Tow-bars for the 
trailers had been lost in transit,and some vehicles had been deck-loaded during 
shipment causing electrical leads to ignition systems and wiring to become 
unserviceable due to corrosion by sea water. Many of the vehicles were old 
before the operation began, one Wireless Unit Humber Utility Van had already 
covered 42,000 miles. They were consequently always coming to grief on the 
rough tracks and roads of the North-West African coast and were not adapted 
for transport in a t ropical climate. 

The Landing in Algiers in the British Zone 
As originally planned, the airfield at Maison Blanche was occupied on D-day, 

8 October 1942. This was mainly due to the fact that there was only temporary 
opposition from the French and no enemy air attacks on Algiers itself during 
that period. The assault operations proved a failure, however, as far as Royal 
Air force Signals were concerned. The sea conditions at " Charlie" Beach at 
the time of the assault were a heavy swell and high rising wind, a combination 
of factors which precluded the landing of the equipment as planned.1 Many 
landing craft were wrecked in attempts to beach them. Neither the point-to­
point wireless stations nor the R.D.F. Light Warning stations could be landed. 
This resulted in a serious breakdown in communications and the provision of 
R.D.F. cover. No news was received of the progress of the operation subsequent 
to the jnitial landings until a small Army W/T hand-portable set was brought 
into operation. This made a link with the beach and the Command Ship 
U.M.S. Bulolo, which was lying off the main beaches to the West of Algiers 
and out of visual touch with " Charlie" Beach. Communications between 
Gibraltar and Algiers were conducted entirely through H.M.S. Bulolo, as was 
the early warning of enemy aircraft and fighter control, until these services were 
established ashore some days later. Officially, hostilities at Algiers ceased at 
mid-day on D-day and equipment from the assault vessels was brought into the 
harbour on D + I , 9 September 1942. 

The first of the Light Warning Sets to land, A.M.E.S. No. 6001, was left at 
tbe beach-head at Surcouf with the advanced Wing Headquarters wl.1ile A.M.E.S. 
No. 6000 followed the Army advance to the airfield at Maison Blanche. 
Unfortunately they were of little use during this first phase of the landing due 
to the crew's complete lack of knowledge of their equipment and the slow and 
disorganised process of unloading the assault equipment. Not only were the 
packing cases difficult to find, and the case-openers. packed inside them, but 

1 Air Ministry File C.26023/45, para. 58 of the report. 
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when located it was found that, due to the unsupervised packing of the equip~ 
ment, the components were broken down to far too fine a degree. The aerial 
systems in particular were separated to the last screw. The crew, inexperienced 
and untrained on this equipment, found it an almost impossible task to piece 
their R.D.F. set together in order to get it operational. Consequently the 
Light Warning Sets which should have been ready to work within an hour of 
landing were not set up until the following day. This situation might have 
been alleviated if shipping space could have been found for one RD.F. officer 
to accompany the sets during the assault. 

Enemy Attacks ou Ports and Shipping 
On D + 1 no move was made owing to conferences on armistice conditions 

with the French . . Enemy air attacks were made on Algiers and one ship was 
sunk off Cap Matifou. Twelve enemy aircraft were destroyed however by 
British fighter aircraft without the aid of any R.D.F. system, this proving to 
be the first and last time an attack was made on Algiers by day. On the 
following day information was received that the Axis had made an unopposed 
landing in Tunisia--small numbers of enemy troops had arrived at Aouina 
airfield on 9 November 1942, from Sicily. It therefore became all the more 
imperative to seize the airfields at Djidjelli and Bone to assist in a speedy 
occupation of Tunisia, After his attack on Algiers the enemy carried out 
bombing attacks on the ports of Bougie and Bone which were occupied on 
11 and 12 November 1942 respectively. These air attacks for the most part 
were comparatively light, but there were further signs that the enemy was 
moving material and personnel into Bizerta and Tunis at a rapid rate, the 
Allied plan of anticipating the Axis in Tunisia thereby being placed in jeopardy. 

Enemy air tactics during the early period underwent various changes. They 
began by attacks on the ports and shipping and then tumed to the congested 
airfields, using JU.88s and fighter bomber aircraft in hlgh and low-altitude 
attacks. Here again tbe Jack of adequate R.D.F. cover was a serious 
deficiency in the defence system, and until a satisfactory warning system was 
established, standing aircraft patrols had to be maintained over the ports. 
Bone airfield in particular was subjected to frequent and heavy attacks while 
the port itself was raided intermittently. Some damage was sustained by tpe 
harbour an9- ships lying in it but i t was never serious enough to prevent its 
use, vital to the build-up of the First British Army. · 

By 13 November 1942, the airfields at Algiers, Djidjelli, Blida and Bone 
were all occupied and squadrons quickly based on them to provide cover 
against enemy aircraft for convoys proceeding to and from the East, these 
convoys being the primary line of supply for AlJjed' land forces. The same 
airfields provided the fighter defence of the ports in their vicinity. The 
operations of these squadrons were once more handicapped in the early stages 
by the absence of adequate warnings which only R.D.F. could give, and 
standing fighter aircraft patrols had to be kept over the convoys and ports, 
involving heavy flying hours for the limited number of aircraft. 

R.D.F. During the Period hnmediately Following the Assault 
Once started, the advance to the East proved to be even more rapid than 

had been expected and by D + 9 the leading elements of the ground forces 
were less than 60 miles from Tunis, and Philippeville and Souk el Arba air­
fields had been added to Maison Blanche (Algiers), Blida, Djidjelli and Bone. 
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As a result, there was an acute shortage of all signals equipment. On D + 4 
the main follow-up convoy had arrived. This should in theory have materially 
eased the situation. It was not, however, until 18 November 1942 (D + 10) 
that the .first item of Signals equipment was collected from the ships nor was 
it until many days later that all the units were complete.1 

One reason for this inordinate delay was the fact that all R.D.F. equipment 
had been stowed in the bottoms of ships and thus were the last of the cargo 
to be off-loaded. But the main cause of the trouble was the state of confusion 
i;esultant upon complete lack of organisation at the docks. Equipment was 
unloaded and then dispersed arbitrarily, not only over a large dock area, but 
also to various dumps all over Algiers. No attempt was made to ensure that 
vehicles bearing the ·same field unit's numbers should be sent to the same 
dispersal area, and no record was kept of the destination of individual vehicles, 
-which were removed by the nearest man who could drive to whatever 
destination was favoured by the officer or N.C.O. supervising the unloading. 
The result was that the only practical way of concentrating a unit was to 
detail its personnel to wander about the docks and the better-known 
dispersal dumps, in the hope that from time to time they would come across 
their own equipment. It mean t almost literally inspecting every packing 
case. No preferential treatment had been given to the highly-secret R.D.F. 
equipment, and it lay under a welter of barrack and domestic equipment, 
including mobile laundries and complete office furniture for the Headquarters 
~~ . 

I 

Mobile R.D.F. Used in the Follow-up Stages 

From 20-November 1942 onwards, the plan of deployment of R.D.F. stations 
,agreed upon at Norfolk House ceased to be followed. This plan had been 
governed by the lack 01 shipping space available for R.D.F. in the early convoys 
and was based on a fairly gradual move forward of our forces eastward from 
Algiers. In actual fact the Army went straight forward into Tunisia and was 
only 16 miles from Tunis by the night of 24/25 November. Instead of a 
number of mobile R.D.F. sets being available to advance with the ground 
forces, there were only two L.W. Sets, and the promise of a steady but slow 
supply of C.O.L./G.C.l. stations arriving in fortn ightly convoys, two at a time. 

So short was the supply of the available equipment, that instead of it being 
sent to its planned positions to form a chain of stations along the North African 
coast, the plan was scrapped and the R.D.F. stations were sent wherever the 
11eed was greatest. Unfortunately this led to a high degree of chaos and 
confusion due to the inability of the operational and signals staff to agree on 
any one site. The R.D.F. stations consequently had a worrying time dashing 
up and down the countryside in response to contradictory signals. Here 
again the rigidity of shipping plans had to be adhered to and it was quite 
impossible to increase the flow of R.D.F. equipment to this theatre. 

R.D.F. Units in Action 
A.M.E.S. No. 893 arrived in Algiers on 13 November 1942. It took a week 

for the unit to collect its equipment and proceed en route to Bone.2 But on 
20 November 1942 the enemy made his first attack by night on Algiers. These 
attacks continued for ftve nights during the full moon, the maximum number 

1 Report on Operation" Torch•· by Air Marshal SirW. Welsh- (Air Ministry File C.26023) 
Appendix" B," Signals lnstroctloi\s. ! No. 893 ;\.M.E.S., O.R.B., 13 November 1942. 
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of aircraft used being about thirty. The R.D.F. warning system had not yet 
been developed and the only warning of approach of these raids was obta ined 
from Naval R .D.F. on warships in the harbour. These attacks caused 
despondency amongst the civilian population.1 A.M.E.S. No. 893, t herefore, 
was turned back and on arrival at Algiers was ordered to proceed to Surcouf. 
The unit arrived here at 1600 hours on 23 November 1942, and with commend­
able efficiency and in the minimum of time, became operational at 2000 hours. 

In order to carry out controlled interception $atisfactorily it was necessary 
to have the R.D.F. not only on the ground in the form of the G.C.1. station 
but also in the aircraft, that was the A.I. (Air Interception) apparatus. Air 
Ministry had decided on security grounds that A.1. equipment was not to be 
fitted in aircraft flown into the North-West African theatre of war during the 
eai·ly stage of the campaign. This secret aircraft R.D.F. equipment was to 
come by ship and would consequently take some time to reach Algiers. 
Attempts to use both H urricane and Beaufigbter aircraft by night without 
ground control proved abortive, and when A.M.E.S. No. 893 finally became 
operational, attempts at II cat's eye interception " failed also. 

Although. these enemy attacks were delivered early in the operation, a Sector 
Gun Operations Room had already been set up near Maison Blanche. Complete 
control of the shore guns and fighter aircraft was effected from it except for the 
fact that there had been no G.C.l. control and the defence of Algiers had 
therefore to be left to the A.A. guns.2 The damage caused during these raids 
to the harbour was negligible but General Eisenhower was concerned at the 
effect which might be produced on the civiJian population. He therefore 
made urgent r epresentations to the Chiefs of Staff to accelerate the provision 
o,-f A.I. equipment. A rapid decision was made and a flight of Beaufighter 
air craft fitted with A.I. was obtained from the Headquarters Middle East. 
When they arrived a t Maison Blanche it was found that A.M.E.S. N0. 893 
still had no V.H.F. R/T control, but improvisations were made and on the 
night of 27/28 November 1942, a flight from No. 87 Squadron, in co-operation 
with A.M.E.S. No. 893, shot down five enemy aircraft. A greater number of 
enemy raiders had been anticipated by tl1e Intelligence section, but after the 
first iive leading enemy aircraft had been brought down the remaining enemy 
bombers evidently withdrew. 

This su~cessful operation showed that the German Air Force had not learnt 
its lesson from the night battle over Britain and its pilots continued to fly 
into the target at 15,000 feet in procession at :five minute intervals. These 
tactics were perfect for G.C.I. interception. After' this success the enemy did 
not renew his night attacks on Algiers for some weeks. Instead he turned his 
attention to ports further to the East. A.M.E.S. No. 893 remained at Surcouf 
for many months, as Maison Blanche was one of the main vuJnerable points 
in the theatre. They ma.de many successful interceptions but the Luftwaffe 
t actics changed and by the time they returned to the attack on Algiers they 
had adopted the low-flying -approach to reduce the effectiveness of the Rn.F. 
cov.er. 

The original tactics adopted by the enemy in his attacks on the ports were 
high and low-level bombing of ships at anchor in the bays. He had in the early 
days, as at Bougie, a measure of success but as it became possible to provide 

1 Air Ministry File C.26023, para. 133 of the report. 
2 Ibid .. paras. 135 and 136 of. the report. 
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stronger fighter aircraft patrols, and as the R.D.F, and communications 
improved, he was forced to change bis methods to torpedo-attack of ships in 
harbour and night attacks-neither of which was highly successful.1 

The personnel and vehicles of A..M.E.S. No. 892 were disembarked at Algiers 
on 13 November 1942, but about this date a ship was sunk in Djidjelli harbour 
and A.M.E.S. No. 892 was ordered to re-embark without prior notice for 
Djidjelli on 17 November 1942.2 With so l ittle advance warning given, the 
minimum of equipment was put on a landing craft to be taken to the port by 
sea. Great hardships were suffered by the R.D.F. crew, and a lthough most 
of the technical equipment arrived, none of the domestic articles were included, 

.and indeed were never found. The unit became operational on the dock side 
to begin with, and suffered heavy bombing attacks which added to the 
considerable discomfort in which they already existed. Two nights later the unit 
moved to a second site, setting up as a C.O.L. station plotting to Djidjelli airfield, 
as suitable G.C.I. s ites were practically impossible to .find in this locality. 

Four enemy aircraft were shot down on 28 November 1942 on the information 
given by A.M.E.S. No. 892 and several other successful interceptions were 
brought about later. It did not have such a success as A.M.E.S. No. 893, as 
Djidjelli air.field was only a small private flying field and could not accommodate 
fighter aircraft.3 Once again the same mjstake bad been made of sending 
R.D.F. to a port without realising it only has a r eally useful function when 
used in close conjunction with fighter aircraft.. Occasionally Beaufighter 
nigbt-nghtcr aircraft would l;>e flown from Maison Blanche to be controlled by 
Djidjelli but after the first week or so Djidjelli became of secondary import 
and it was considered more advisable to control aircraft from Maison Blanche. 
Later, day fighters based at Philippeville flew patrols over to Djidjelli and 
A.M.E.S. No. 892 remained on its site to become part of the final coastal chain. 

The Light Warning Set A.M.E.S. No. 6002 which arrived with A.M.E.S. 
No. 892 and 893 was sent to a French airfield inland at Youks le Bains. I t 
was of no actual use there and the airfield was not being attacked-its move 
was due rather to political representations at a high le\Tel. Meanwhile it was 
decided to resite the L ight Warning Set A.M.E.S. No. 6000 on some high ground 
i11 the Bois du Boulogne area near Algiers-to give low cover. A.M.E.S. 
No. 6001 was taken from Surcouf where it had been encamped and was resited 
at Maison Blanche. A temporary Filter Room was set up in the maintenance 
buildings belonging to the French civilian airline, Air France, which lay adjacent 
to Maison Blanche airfield. 

Start of the Ground Search R.D.F. Build-up for the Coastal Chain 
By D + 14, R.D.F. equipment was coming in through the ports fairly steadily, 

although there were still considerable delays in assembling and moving it 
forward. A.M.E.S. No. 894 proceeded to Bone and was set up on good flat 
ground about 15 miles east of th.e town, becoming operational on 2 December 
1943. To a large extent. the story of A.M.E.S. No. 893 at Surcouf was repeated. 
Enemy night attacks on Bone had begun before the G.C.I. convoy arrived 
there, and despite the fact that most of tbe crew had only a little G.C.I. 
experience as the unH had been intended for use as a C.O.L. station, morale · 
and keenness were very high. On the third night of operation, when night 
~\.et aircraft were available for the -first time, three enemy aircraft were 

1 Air Ministry FjJe C.26023, paras. 127 and 129. 2 No. 892 A.M.E.S., O.R.B. 
3 No. 893 A.M.E.S., O.R.B. 
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shot down.1 The port of Bone remained a vital target for the buftwaffe 
throughout the campaign as it was the nerve centre for supplies to the British 
First Army under General Anderson. Thus A.M.E.S. No. 894 always had 
plenty to do and the total claims of night fighter aircraft operating under its 
control from December 1942 to early summer 1943, wern approximately 
seventy enemy aircraft, thirty~four being shot down in the first month of 
being operational. 2 The toll taken of enemy raiders proved so devastating 
that the German Air Force abandoned the attacks for some time and never 
renewed them in force. 

A.M.E.S. No. 895 arrived at Algiers on 22 November 1942. There was some 
disagreement between R.D.F. technical officers and Operations staff officers as to 
whether it should be sited at Bone or Cap Takouch. Eventually it was agreed 
that it should remain near Phifippeville and it became operational at Herbillon 
near Cap Takouch on 6 December 1942 as a C.O.L. station. Generally the 
siting of C.O.L. stations on this terrain proved to be far from easy. There 
were few roads and the site at Cap Takouch was a typical example of some of 
the difficulties which had to be overcome. The selected location lay in a 
lighthouse and although there was a sort of road to the foot of the lighthouse, 
the site lay a further hundred feet up. Six-wheeled lorries had to be half­
dragged, half-driven over hard, rough rock that formed the approach to the 
lighthouse compound. 

Of the two Light Warning Sets that accompanied A.M.E.S. No . 894 and 895, 
one could not find its equipment and the crew were therefore dispersed amongst 
other stations and the other was put near Cap Gros close to La Calle, about 
60 miles east of Bone. This advauce position was useful for early warning 
in conjunction with A.M.E.S. No. 894. 

A.M.E.S. No. 896 was on its way to Philippevillc, but soon after its arrival a 
state of emergency arose in Algiers necessitating a C.O.L. station to back tlp 
A.M.E.S. No. 893. A.M.E.S. No. 896 was therefore turned back and was 
finally sited on high ground slightly west of Algiers in the grounds of the 
observatory at Bouzereah, for a straightforward C.O.L. function, becoming 
operational on 29 December 1942.3 The site was only fair, as the R.D.F. view 
was impeded by permanent echoes on the cathode ray tube for a radius of 
10 to 20 miles from the station. The missing Light Warning . equipment 
finally turned up and the station was set up on the highest site in the cork 
forest, west of Algiers, as an experiment for the resiting of A.M.E.S. o. 896. 

At the end of December 1942 Bone was being heavily attacked by air. This 
port was in range of enemy fighter and fighter-bomber aircraft and it constituted 
the most forward port available to the Army, so was used to a maximum 
capacity. The R.D.F. coverage was poor at Bone owing to the configuration 
of the country, so A.M.E.S.s Nos. 897 and 898 which had arrived at Algiers 
in early December to supplement the R.D.F. early warning· system were sent 
to Bone,4 A.M.E.S. No. 897 became operational as a C.O.L. station at Cap 
Gros in order to extend the advance warning against Bone, and o. 898 set 
up as a reporting G.C.I. at Souk-el-Khemis on 2 January 1943, just east 
of ouk-el-Arba. These sites covered a group oi makeshiit advanced inland 
airfields, used for the support of the Anny, which were being attacked by 
German fighter-bomber aircraft , necessitating standing fighter patrols being 

1 No . 894 A.M.E .S .. 0 .R.B. 
3 No. 896 A.M.:E .S., O.R.B. 

.t Air Ministry File C.26023, para . 136 of the report. 
4 Nos. 897 and 898 A.M.E.S., O.RB. 
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kept throughout the hours of daylight. In planning the R.D.F. programme 
the main object had been to protect ports and shipping. Full appreciation had 
not been given to the fact that the stations could be used for protecting the 
airfields. Used in this way I they would give sufficient warning to Allied fighter 
aircraft to scramble, thereby eliminating the necessity for standing patrols. 
The Light Warning Set could have been usefully employed for this purpose, but 
at that time they were being used as gap-fillers for the C.O.L. and G.C.f. stations. 

The Eod of the Initial Jlace for Tunisia 
At the beginning of December 1942 the weather had broken and the period 

of heavy raim began. The narrow lowlands of the North African coast became 
· a glutinous sea of mud. Thus rainy weather was the worst enemy of all at 
that time, making it increasingly d_ifficult for the ground forces to advance or 
withdraw. The Axis forces in Tunisia had been steadily building up by 
reinforcements brought in across the Sicilian narrows and the enemy resistance 
became too strong. The British First Army, having advanced nearly 550 m iles 
from Algiers to Within 16 miles of Tunis, had to withdraw to a more easily 
defended position at Medjez el Bab because of the difficult supply p roblem 
and the stiffening enemy opposition. The immediate aim in the race for 
Tunisia -had not been achieved and it was impossible to capture the whole of 
Tunisia by a single stroke.1 The weather, by bogging down transport and 
airfields, frustrated Allied plans, and a battle for supplies of both sides began. 
The Axis forces bad the easier supply route of some 100 miles only from Sicily 
compared with the arduous sea passage of the Allied supply routes, followed by 
either 500 miles of road or rail, or a sea journey along the North African coast. 

Establishment of the N~rth-West African Coastal Chain 

The Allies could not hope to resume major operations in the north until the 
middle of March 1943 when the weather would have improved. Consolidation 
of the territory occupied included the improvement of the R.D.F. coverage and 
raid reporting organisation of the coastal chain of stations. By 21 December 
1942 the R.D.F. position was as follows :- 2 

A.M.E.S. No. 890 was operational at Cap Carbon. 
A.M.E.S. No. 892 was operational at Djidjelli. 
A.M.E.S. No. 8~3 was operational at Surcouf. 
A.M.E.S. No. 894 was operational at Bone. 
A.lVLE.S. No. 895 w~ operational at. Herbillon, Cap Tak.ouch. 
A.M.E.S. o. 896 was operational at Algiers, supporting A.M.E.S. No. 893. 
A.M.E.S. No. 897 was operational at Cap Gros, Bone. 
A.M.E.S, No. 898 was operat ional at Souk-el-Khemis, Bone. 
A.M.E.S. No . 899 was operational at Cap Falcon. 
A.M.E.S. No. 8000 was operational at Cap Ivi. 
A.M.E .S. No. 8001 was operational at Cap D'Acra. 
A.M.E,S. No. 675 was operat\onal at Arzeu. 
A.M.E.S. No. 6000 was operational at Bois de Boulogne. 
A.M.E.S. No. 6000 was operational at Algiers. 
A.M.E.S. o. 6001 was operational at Maison Blanche. 
A.M.E.S. No. 6002 was operational at Youks les Bains. 

1 Air Miaistry File C.30435/46, Commander-1n-Chief1s Despatch on North African 
Campaign, pp. 16/17. , 

f Air l'vlinistry File C.26023, R.D.F. Appendix to the summary o[ lessons learned in 
Operation " Torch ." These locations are shown on Map No. 8. 
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From that date R.D.F. units started arriving from the United Kingdom in far 
greater numbers. They were soon piling up in the base areas, as they were 
intended for the provision of a chain of stations along the entire Tunisian coast. 
New G.C.I. stations with power-rotated aerial systems were brought to Algiers, 
and Mobile Radio Units, which bad been sent later as their masts had to be 
broken down in detail, also began to arrive. Two of the ships in one convoy 
were torpedoed and some equipment was lost, the R.D.F. personnel fortunately 
suffering only one casualty. 

All the units had great difficulty in amassing their equipment. The ship in 
which the technical equipment for A.M.E .S. No. 387 was being carried had 
been forced to return to · the United Kingdom on account of bad weather. 
Several other units had minor parts missing and had to obtain them locally. 
A.M.E.S. No. 389, despite the fact that it had several vital pieces of equipment 
missing, claimed to be the first M.R.U. to become operational east of Algiers 
on 18 January 1943. The following are points of interest relating to the other 
Mobile Radio Units in this theatre:-

(a) The crew of A.M.E.S. No. 372 was embarked on the flagship S.S. 
StrathaUan. Throughout the voyage a W/T watch from this unit's 
personnel was operated and was congratulated on its efficiency by 
the ship's officers. At 0230 hours on 21 December 1942 the ship 
was hit by a torpedo when approximately 68 miles out of Oran.1 

The unit was transferred to a destroyer and subsequently disem­
barked at Algiers on 23 December 1942, becoming oper"ational on 
19 January 1943 at Jemmapes near Bone. They were a highly 
complimented station subsequently, the peak of their success being 
a track picked up at 90 miles due south on 26 March 1943. This 
track was plotted across the station and out to a range of 234 miles, 
making a complete run of 318 miles. It was later verified as a 
friendly aircraft attacking the docks at Tunis and enemy concen­
trations at Cap Bon. 

(b) A .M .E.S. No. 318 became operational a month after its disembarkation 
at a site name Lac des Oiseaux on 25 January 1943.2 It was on 
level ground back from the sea on the edge of a 12 miles swamp, 
backed by mountains. 

(c) The ship on which the crew of A .M.E.S. No. 392 were travelling was 
torpedoed on 21 December 1942. The unit was disembarked at 
Oran just before the ship blew up.3 They re-embarked for Algiers 

. on 23 December 1942 and were operational at Alma Marine, east of 
Algiers, by 29 January 1943. 

(d) A .M. E.S. No. 388 was put as far east of Bone as possible and slightly 
inland in the hope of catching enemy aircraft reconnoitring Bone 
from Bizerta airfields.4 An objection was made to the site by the 
Army as it lay next to an ammunition dump, but the objection was 
over-ruled and the station became operational on 4 February 1943. 

(e) A.M.E.S. No. 387 had to wait six weeks for a further supply of 
technical equipment as its original load had returned to the United 
Kingdom and the station consequently did not become operational 
until the middle of March at Port Gueydon to give advance warning 
to Bone. 5 

1 No. 372 A.J.VI. E ,S. , O.R.B. 2 No. 381 A.M.E.S., O.R.B. 3 No. 392 A.M.E.S., O.R.B. 
• No. 388 A.M.E.S., O.R.B. i; No. 387 A.M.E .S .. O,R.B. 
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{/) The crew of A .M.E.S. No. 226 were aboard H.M.T.P. 15 which was 
torpedoed on 21 December 1942.1 The personnel were taken off by 
a destroyer and landed at Algiers on 23 De.cember except for one 
corporal who was missing and whose body was later washed up at 
Djidjelli. On finding their technical equipment, it was discovered 
that most of the masts were missing. After considerable trouble 
they obtained spare parts from local sonrces, but so great was the 
delay that it was not until 1 April 1943 that the station ultimately 
became operational at DjidjeDi. 

Five mobile G.C.I. stations, A.M.E.S.s Nos. 8002-8006, were distributed 
between Philippeville and Bone, the idea being to site them as far up with the 
advanced front of the Army as possible.2 A.M.E.S. No. 8002 did good work , 
as a G.C.f. station at Cap Cavallo reporting in to A.M.E.S. No. 892 at 

· Djidjelli as it had no Filter Room telephone line of its own. Its maximum 
range on enemy aircraft reached 183 miles. A.M.E.S. No. 8003 gave a 
creditable performance, located in a vineyard just outside Philippeville, helping 
to destroy six enemy aircraft in the first six days of being operational from 
21 December to 27 December 1942. A.M.E .S. No. 8004 had a spectacular 
position on the summit of a marble mountain at Col de Bes Best. 

A.M.E.S. Nos. 8005 and 8006 were diverted at the request of the American 
authorities to Tebessa and Biskra to give R.D.F. cover to two of their inland 

· airfields on the edge of the desert. On 14 January 1943 A.M.E.S. No. 8000 
was removed from its site at Cap I vi and rushed to Cazes airfield preparatory 
to setting up as a G.C.I. for the protection of Casablanca. The setting up of 
A.M.E.S. No. 8000 at a point 6 miles east of Fedala coincided with the arrival 
of Mr. Winston Churchill and the President of the United States of America 
for the Casablanca Conference and the unit was subjected to the visits of 
n·umerous high-ranking and important officials. 

The Americans had very little R.D.F. of their own and few trained 
personnel. Their supplies had been deple~ed considerably by the loss of 
ships in their assault convoy for the Western Task Force. The Type 270 was 

· an example of the equipment they erected in the Oran and Casablanca areas. 
It was a heavy static set with two Cathode ray tubes indicating range and 
bearing only, and worked on a frequency of 106 megacycles per second. These 
sets had originally been used in Iceland. Experience gained in Operation 
'' Torch " demonstrated the difficulty of preparing in the United States a 
seasoned and well-equipped air warning systein ,ready for immediate deploy­
ment in a very distant theatre of war. The loss of equipment in transit and 

· damage in shipment and landing necessitated considerable replacements and 
servicing as soon as the units reached dry land. Furthermore, replacement 
personnel arrived with a very limited amount of practical field experience, 
precluding their use in an active theatre. It was therefore suggested that 
the Casablanca area should be used as a location for a training school to be 
established , combined with an installation and maintenance reception centre. 

By 30 January 1943 there were thirty-nine Allied ground search R.D.F. 
stations operating along more than 1,100 miles of North African coastline 
from the Casablanca area to Western Tunisia, excluding the relat'ively small 

1 No. 226 A.JVI:.E.S., O.R.B. 
» See Deployment of R.D.F. Stations, Appendix. No, 24. Nos. 8000, 8002-8006 A.M..E.S. 

O.R.B.s, give these details. 
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portion of the Spanish-Moroccan sea-board.1 In Spite of all set-backs, the 
Coastal Chain had made good progress during the twelve weeks since Operation 
" Torch" had begun. 

R.D.F. Lesso,is Learned in Operation " Torch" 
The Nor th-West African coastal R.D.F. chain could be regarded as reasonably 

adequate at the end of Jaouary 1943. Many valuable lessons had been learned 
by then of the application of R.D.F. to a campaign of this nature. Perhaps 
the strongest impression created from the R.D.F. and Signals aspect was that 

. in any future simjJar operation the equipment and crews should sail togethtr 
in the same vessel, and that as far as possible the equipment should not merely 
be transportable, but actually mobile, being fitted in a vehicle and adequately 
waterproofed. 2 

All R.D.F. equipment required skilled setting-up before it could be brought 
into operation. It was therefore a bad policy to issue untried equipment 
such as the new Light Warning Sets immediately prior to the voyage from the 
United Kingdom. The crews required experience on these sets before they 
could be regarded as adequately trained for such an operation. This situation 
might have been alleviated to some degree by the presence of an R.D.F. 
specialist officer, well versed in siting and technical supervision. On future 
occasions an R.D.F. officer should accompany each equipment in- the assault 
stages and be with the station at all times while it is operational. The officer 
should be supplied with a light vehicle and it should be equipped with R/T 
equipment to eoab]e the R .D.F. officer to keep in touch with all stations.3 

Even had the Light Warning Sets worked immediately, their limitations 
made it imperative that sufficient long-range equipment of the G.C.I. type 
should be available at each assault area to cover vital focal points.4 These 
would also require V.H.F. R/T ground-to-air facilities with them so, that the 
night defence of the assault areas could be quickly organised in conjunction 
with A.I. equipped night fighter aircraft. As it was, in Operation '' Torch," 
three Royal Navy ships were lost while attempting to provide this initial 
R.D.F. local cover. 

The G.C.1. stations, though mobile, were very cumbersome, including trailers 
for aerial systems and power supplies. With the beginning of the rainy season 
in North West Africa the G,C.1./C.O.L. Units were practically immobilised by 
the m ud. All vehicles should have been ptime-mov1crs so that rapid movement 
to new sites was always possible and never dependent on weather conditions. 5 

In the initial stages, the Army swept rapidly forward leaving a ve1y large 
and important tract of country behind it ; within a very few days of the first 
landings the area of combat had moved over 300 miles from the landing places. 
The R.D.F. stations at that time were required lo provide cover_ over ports 
and airfields behind the battle area. The scale of provision of R.D.F. equip­
ment in the operation was insufficient for any to be spared for Army support 
in the very forward areas. It was all absorbed for the vital task of building 
the coastal chain . In addition, practically no inland R.D.F. r porting system 
could be set up either, giving rise to a need for airfield R.D.F . sets for purely 
Jocal warning only. 

1 See Deployment of operational and non-operational R.D.F. stations in North Africa. 
A-ppendi:,i; No. 24. 

z C.O.S. (43) 98 (o), 4 Marcil 1943-War Cabinet Chiefs of Staff Committee, N rth Africa 
Operations, Lessons in Signals Communications, pa.m. 21, sub-paras. (t) and (e). 

• Ibid .. para . 21 , sub-para. (dj. • lbid, para. 21, sub-para. (g) . 
6 Ibid. , para.. 2, sub-para. (b) . 
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Specialist tradesmen, particularly R.D.F. operators, quickly lose efficiency 
if they do not work regularly. Since the unit equipment was packed and 
shipped long before the embarkation of the personnel, additional equipment 
for continuous training should have been made available in the United l<ingdom 
and special measures taken for daily training on board ship, particularly when 
the voyage was to be of so great a distance as that covered by the invasion 
troops of Operation "Torch.''~ 

A much more thorough maintenance organisation for R.D.F. equipment 
should have been planned and organised in advance.2 Spare replacement 
parts should have been received in the theatre of operation in greater quantities 
and at a much earlier date. Light Warning Sets shou1d have been furnished 

' wiU1 a greater percentage of spare pal"ts to accompany each set as the 
maintenance organisation could not be expected to function in the early days 
of the assault. 

Finally a plan for the installation, maintenance, and operation of the Air 
Warning Services should have been made under the control of the Royal Air 
Force Commander charged with the fighter defence of the area, and an R.D.F. 
staff officer should have been assigned to work unrler him. This would have 
obviated a lot of unnecessary wrangling about the disposition of the stations 
and enabled the units to settle dow11 quickly and efficiently to the taSk for which 
they were intended. 3 

Although there had been deviations from the original R.D.F. plans for 
Operation " Torch " at the beginning of the operation, occasioned by both the 
inability to land the Light Warning Sets at the beaches because of the heavy 
sea, and also the landing of R.D.F. equipment at the unorganised docks, 
nevertheless, in the main the scheme of buildfog .a coastal R.D.F. chain was 
carried out successfully. By January 1943 this chain was fulfilling its functions, 
namely, giving R.D.F. warning of enemy ai.i; attacks on 0ur coastal convoys, 
ports and coastal airfields, and G.C.I. cover for night attacks on these 
important targets. In addition , two G.C,I. units had been spared for the night 
defence of two inland airfields. The R.D.F, requirement in North Africa had 
become remarkably similar to the original requirement in the United Kingdom 
~a coastline had to be covered and certain targets had to have local sets­
there was a definite R.D.F. " frontier" following the coast and the stabilised 
battle-line by January 1943. 

The end of the nee for TW1is in December 1942, in which the British First 
Army failed only by the narrowest of margins, saw the end of the first major 
phase of the North-West African campaign. The junction of General Von 
Arnim and Field Marshal Rommel's forces, and the approach of the British 
Eighth A..rrny to the Mareth line fused the two separnte theatres of wa;r east 
and west of Tunisia into one. The Allies therefore re-organised during the 1atter 
part of January ,;1.nd February 1943 to achieve a unified command which was to 
lead to the final defeat of the Axis forces in North Africa.4 The pa.rt played 
by the Royal Air Force ground search R.D .F. units in the concluding phases of 
the pin_cers movement in the cuhninating stage of the campaign is dealt with 
in the next chapter. 

--- --- - -------------------
1 C.O.S. (43) 98 (o) , para . 5, sub-para . (d). • ~ lb id .. para. 21, sub-para .. (1). 

"Ibid., para. 21 , sub-para. (k). 
• Air Ministry Fi.le C.30435/46, Commander-in-Chief's Despatch on North African 

Campaign, p. 37. 
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