CHAPTER TRE _WAVE RADAR 1941-¢

It had alweys been the aim to go to shorter and shorier wavelennths so

to be able to produce sharpoer and sharper beans, as much like a seonrchlight

o

posgible, {rom o vractical sive of apergture. This would much reduce the
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provlem of the invarse-cighth-powar law al metre waves Yunder the lobe'™, as
geen in Fig 2 opposite Page 147, which wes {the cause of short rauges on shine
comparsd with aircraft. For the vital war agoinst the submarine in the Batt
of the Atlantic centimelre waves were clearly necessary.

It wet mentioned above that ©5 in 1936 was experimenting on 23 em bub

o
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with CY from a split-anode magnetlron, for use atl short ranges for signalling

and station keeping. £ Dr 4 B Wood recalls:

AN

¢

" mid--37 the theory of the magneiron was rather obscure bul Me
work" (referred to on p 122) "indicated that the higher the Trequency
the gmaller mpuset be the diemeter of the cylindrical split-—anode
surrounding the hot cavhode. Iwen at a high efficiency thisc implied
that a single magnetren oscillator for om waves couvld rniot handle much
power without overheating, (In the case of IR rediction from fwmels
billions of 1M oscillators are involved!) So it seoemed an obvious stap

to melie a magnetron into a multiple oscillator dlm@: I gketched out two

such systems, In oue, conceniric corrugz
ring of small intercennected split-enode cylinders, ceoch having its own

=

ted cylinders formesd an annula

e

heated cathode. In another 1 plamed a2 cylindrical annuiar block having

6 or 8 small cylindrical holes, each with a slit leading into the
L]

cenlbral cavity containing a comnon central cathodes, Tha whole of the
fmaltiple magnetron® was to ve enclosed in an evacuvated glass envelopa,.
When 1 showsd these sketchzs to She Iing he seemed very dublious, and
said Ilughes! valve laboratory was too tuoy melking lares silics valves

8 1. . P 245 o] DaWASe e rse,
for the fleet." (and also for B of cours

The second suggested design was a remarkadble anticipation of the
eventunl caviity magnetron vroduced.agt Birmingham Univirszily by Handall and

Boot in mid-4C. This fact is rot generally known: he zutnor joined

Dr Wood in July '37 and ‘went vack to Hertz! {trying spark excitaiion of
larze transmission~line cavities with some success. 1 YWood left in Get 137

to be Chief 3Jcisntist of HI Mining School in "Wernon',

It was not wtil the gutuam of 1939 that Prsf Oliphant at Birminghsna

: 7 (e

and other leading vhysicists at Oxford and Bristol were asked to molwve the
fundamental valve problems: "pive U8 many watts on fer centimetiea™.
Electrical firems were trought in including GLC (alreaéy well lauvnched by
D3R in 1938 on radar valve development with the Smicrcpup®, which enabled
the 1% metre Air Interceplion sets in night fighters to work cffcatively),
STC, BIMH and HMI. The work wes co-ordinaied by the iztov-service conmittee
for Co-ordination of Valve levelopment (GVD) under DST Avmirslty, in Tact

presided over by Bundrett and operating via 7 sub-cornittees.
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Brilliznt nrogroesgs oensvea. J 0 andall and H 4 H ool ol Bimsingnom

produced their succegalful caztron with hole and slob caviticg. The valvo

vorked for tha first time on 21.2.40 zivinsg gowe 500 vatts of cw vower on

The GEC (Megaw,Willshay

9.8 cm, end more then o kilowat!t pulsad

a production model, the Tirvst being produced in July 1940 as

3

was soon found that the old cat's whisker and crystal gave batter resulic tho
the valveg in receivera. ‘e silicon crystal with its later protcective gos-
switch (Dr A G VYard a Canadiasn at 'THE ohauzge), wnich gave the necessery
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protection agsinet transmitier powers of hundreds of kilowailts, cwven alloulng

common aerial working eventually, gave a very simple recoiver. In tns
of 12340 Skinmer and associastes at the AM Regearoh Netablishment, Swansoe

PR ? 5 g |
erected rodar sets with pararvolic mirrors, with which they detlected shicets of

& b
tinplate, boys on bicycles and men on foot going down *Centimetre Alley", as
the path of thie sharply defined bezn come to be called. Xa 3ept '40 they
Tollovwed a submarine out to T miles, and cven dztected the pariscopes and
? 4

corming tower of o submarire at 4 miles. A new ¢ra in radioslocation begaii.
O 0 W

At the time the proviem of defeating the U-boal was very presaing, so a

new groun of 4 membera of Signal 3chool etalf was formed under D 3 ¥ A Landalso,

A R G Owen antennag, ¢ A Cechrance transnitter, J Croney receivér) which wont
? ¥

. Ve . » " 5 4 . e N -
to Swanage in Sewt Y40 for & weeks to take adventage of +this successiul reszarch,

They returnsd to Dastney at the end of Decenber with a replica of the Swrhnags

laboratory coparatus, fitted in o trailer, and begen fo build the

becagme kunown as Pyoe 271. It was decided 4o produce an cqguivpmant zble fo

go to sea in & corvette which was known to roll heavily. An aerial 52d to b2

nada canable of bzing trainsd on avy vearing and ystv the team nust rot »oil

of'f the Warget; and be housed

)

1

transmitier magnatizon and
acrial (Pig 7 ovposite), rotating with it becausa cable feeders would have
had teoo mueh ailtenuatiocn. The whole struciure wes mouted on the roof of
the ¢ffice and over it was a coylindrical flantern' with persrex windows
(the 'grecubouse®). The fcheese! asrials geve a narrow beam in the
horizontal plane and a fan shapsd bean in the vertical plance.® The got was

v

ready by February 194747, Capt Willett cecided ov his own initiative to sccept
the risk that trials miatil prove wentisfactory. He orderzsd componerts for
150 sets o Tortuight bolore the trialg by I Orchig in the Clyde could b2gin.

A number of sctm (25) ral been plarocd o be made ot Bastney, with the help

-
-

of Allan Weat of Brightor, as svon oz cezential modilicationz had bion

{

indicalted by proliminagiy trials, but orn phoning D A/.) Jorfare during a meeling

X¥Ref 40 Mader Cowvenbior » 45; 0. #0he 'Cheess hevials!
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was submerged, coul
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sentatives, the Caplain wag told thal 150 sels would

development time and malie use of an existing supply ihe

LSV 1-rk 2 was ndapied bo tha 271,

o lew power of tho magnabron, about 7 i, & small

n the surface could e seen ho 5000 yds @ad o destrover

d be picked up at 1300 yds.¥ Such a degraz of sensitivity

was quite new in naval radar.
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The Commanding Ofiicer of "Orchis"; after 2 months experience at sea,

wrote Yaiter being
without will seem a
vas then a gop of 1

ogion the 271 was

in a ship fitted with Type 271, night navigation in one
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perilous businesg." In the niddle of the Atlontic thare

H00 mileg 2% the air protection of convoys, ond in thi

of particular value.
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together, so to gpaak, and not waste their efforls by giving power in & number
of "modes' with slightly different {requencies, even during a single pulsa,

Thus they gave onc (single~note)music, not as beforey but vaster; this openad
the way to the 100 kW magnetron CV5G Mark 4 set, and then the 500 kW velve CVi6,

Mark 5 equipment. Since the power of the former wasg gbove the limit for

)]
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flexible cables the next great immovation, rectangular waveguides (7 in. by 1 in.
for 10 ems), arrived. The 271/3 Mark 4, so called model Q, was developad by
the end of 1941 and in production in 1942. 273Q in a big shin gave 46000 yds
against a Dattleship, 15500 yds against a U-boat and 12-15 miles egainst low
alrcraft. At this time, 1942, the nlan—-position--indicator, PFIL; revoluticnised
the disploay of the vast amownt of information that was arriving from the volume
of space scannzd by the beam of the warning radar and the basis of all modern
warning and fightér dirn. systems was finally achieved. Futurae developments

to the end of the war were refinenents of the techniqugs thus established on cn
waves by 1942, and particularly the extensive use of the 3 cm wavelength band,
X bend, and seme application of X band 1% cm, to give map-like displays of
increasing discrimination

Cr panmory cquipments In 7941 the cm wavelengths were envisaged for greater

ranges and mor2 accurate bearings than with the 50 cm sets, in fdact adeqguate
blind fire agsinst aircraft as well as ships. It was not until early 1943
that a set of development panels of the surface equipment Type 274 was
produced in a trailer and given trials ot Eastney and at Llandudno, the Army

rtillery range. The wavelength was 9.1 cm and since the very high powsr

pe of transmitier was to be used with % microsescond pulse,

considerable dezvelopment time was involved. The modulator employed a itrigeered
ther than the mercury;vapour thyratron of the waraning and height
finding cauipuent Type 277, because of the sinori pulse length and rapid rate of
rise of pulse required 30 enable accurate rasging to within + 25 yds lo b2
achieved. 14" shell splashes werce visible at 34000 yds and were displiayed on a
spotting-tube with 1000 yds either side of the target and spoiting was
quantitative in rangs, and it was possible to:tell whether the shots were to
left or right of the tsr-get. The bearing accuracy was + 3 minutes c¢f arc on
enall targets, the limisation being wandering of the instantaneous efrective
reflection point (glint) on the larger targets; a new phenomernon in radar at

thesz very high precisinas.
In parallel with Twps 274 the A4 set, Type 275, was producede Vhoreas
285 on 50 cm could only 1ave the split—beam Hechunique in azimuth, the 8.5 cm

equipinent, with separvate transmitting and receiving dishes (nacelles) and
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conical scavning on the latter, provided it in both elevation and training;

excent below 3 degrees fhe elevation accuracy was about 15 minutes. lowever

it was not until early 1945 that a Type 275 was fitted in a destroyer for

trials. This set was the firgt in which the conical scanning technique was

used. As time was insufficient to develop a conical scanning system for the
,

very high powse of 400 ki on transmission, separalte aerialg had to be used.

i

High Popsr Warning Radars

The development of the 500 kil equipment at Rastney in-1941/2 was among
the most brilliant of the technical feals of ASE during the war in spead of
achievement of so great an advance on the 'first-born of the Tamily® the
Type 2771; sece ref 40f on p 147. The 277 was primarily developed as a surface

warning equipmont, and in the first instence was used as a trailer installation

O

for coast delence and warning of low-Tlying aircraft. A large cheege aerial
reflector was mounted on the roof and the whole cabin was rotated to avoid g
rotating waveguide joint. The latier had howsver to be developed for the ship
and common T and R employed to enable a large dish to be used within the
limitations of snace and weight in the ship. The trailer equipment was
adopted by TRE and the Army for shore use. A 4 £t 6 in diameter.paraboloid
was chosen for the ship aerial as this required a much smaller circular space
in which to roltate than a Ycheege' of gsimilar gain. The aerial was powar
driven, stabilised along the line of sight and rotated continuously as necegsary
for o smootinly vainted display on the PPI, which was Titted to a naval set for
the firet time and overcame the difficulty of detection caused by the narrow
beam of 4.50. A ohotograph of the aerial is Fig 9 on the preceeding plate.
The diifficulty of getiing the targef in elevation remained alt close ranges
with the narrow beam of course. Hence it was necessary to use the 201 with

79 filling the wveriical gaps of the former, and in 1944 the HP cm wave 293
(2.0° horizontal), to give the PPI picture, and there was an additional .
cursor on the PPI drivsn in bearing by the aerial of the 277 so lhat this
cursor could be set on the target paint. Then the 277 operators were able

to search in elevation in the knowledge that the set was trained on the right
bearing. Type 277 provided warning of low-Tlying aircraft and filled the gap
below the bottom lobz of Type 281. The radar informa’ion was thus in the

Torm required for the Wighter Direqtion and this whole new opz2rational technigus
was ranidly and extensivzly developed in conseguence. In order to get a good

PFI picture with th> 281 this sot was fitted with a slis-ring feeder system
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allowing continuovs rotation of tho aerial,

Type

2177 vias IlLu@d for surface

warning wid low alr cover to egcort ships and the largar shlps arly in 1944.
Ahe Moves to Haslemere and Witley
Steps had besu taken in late 1940 to vrovide evacuation plans Tor the
haadquarters of the ¥yxperimental Dopt of Signal School, and by mid-1941
Lythe Eill louse, llaslemere had been prepared., The 50 cm and 10 cm develop-

ments vere alregdy away Trom the RUB at Onslow

fast regspectively. The Dept bscame Admiralty
officially on 26.8.4 with the production dep
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Iden elfacutiﬁgm; iend or Foa. Distinction betwzen friend or foe was initially
attenpisd by controiling whe disposition and movements of all friendly forces

s0 thal thzy could b 'razm2a! when detected by our own radars. This was
impossible in the air, vhere spead and urgant missions often made it imposegible
to keecp radar stations tully informed. Full advontage the early weiming
given by radar couid not be talken if doubt existad as to the frieudly o

TR P o Py PN SN T .
hostile nature of ths «cloos
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T LUST s Luwards o goluntion was the Citting of & transponder in
friendly aivcraii uhich enhanced the cchosg, 1T IHark 1 and 2 provided a

temporary ansucr in oirvcraft bult not in ships owing to its low power and

mechanical shock  ond vibration ciificuliies.
Wnen many radar frequencics were bheing used the only answer wag to have
a specific band of Trequencies, A Band; wvd separale pulsed interrogetors

gynehroniaad to the nain radar oulscs and the received sigmals displayed on

the same tube as the radar echoes. The change ovar to thisg IFD

v very large andortaking and it was quite impossible to ensure that all

(=7

and central

2
=
15,
16
‘_—J.

stations were fitied by an agresd date, in an arca such a
Hediterranean where the changsover coincided with a nuwnber of imvortant
overations, The ;JuMnilon of course gradually improved. Tor the full

gtory off 1% and honing beacons (P&COMS) Sze Dp 20-25 Yechnical Stalf '

monographs $39-445 ~ Radar® in YArchives 137

. Decention; Decca

] day-was the very greal vss of electronic countermeasures

pzen for some years o Dover LCH chain oparated by naval

QJ

L

with various types of modulatiorn: to deny range 1o enemy guanery

ugad, with wide-bend noise nodulation for the first time,

on D-day as part of the great combinad favy, Alr Force deception exercise to
malkce the enery bslieve ithe landing was coming in the Calais arsz. Aircraflt
sored 2 corridor of 'window'! to simulate the coveriung of ships which werenti

1

there, as well as concentraied window insida the corridor to simulate nhanton
siips, Tanig ohory is well known.

In the rnony hundred ships of the assgult forece, a3 a recgult of the out-
stending cnllavoration that existad batwesn the UK anl U3 in this technicul
ficld, conpact jammers wars installed, again with wid:-bond noise modulation
employed for tho Tirst time, to deny the ensiy range for their heavy guns.
Algo many cralt were fitsed with deception deviceg to produce {alse echoes
both behind and Tahead' in range, the latter requirin: extremely stable

.

pulse rapatition Traguencies to prevent wmaturally rapid 'drift' of the false

echo. Jammars werc alsc provided against the Germen zlide bombs (H3293) end
their hish-altitude guided bombs.
The Decca hyperbolic navigaticn systenm was firel uwsed oporglicnally on D-day.

The necessary charts had been prepared under condition: of great secrecy in one of
the Niesen huvs on the ‘oricket-pitch® at ILythe Hill Jiuse. ASE continued 4o be
very closely associated with the Decca Co on {the rapic. axpansion of this vuique
system toth geogrephically and technically; more pars:calarly for impartiai
monitoring and aseessment of its actual performance mrd potentialities.

(41) b D silvester and P 7 W Baker, *Radar Countermeaivros® JRISS 4 p 155 Fov 43.
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