CHAPTER _ 2,

NAVAL RADAR EQUIPMENT .

GET TO GRIPS WITH YOUR RADiR.

RADAR 15 one of the most revoluticnory assets whieh hes corg to the Navy
sinee King Alfred nade his cullnery error, It {s comparable with the change fran
sail to stean, Its full and efficient deployment, hoviever, depends upon the of ficers
who cormand {ts use, It is unfortunately true that, In a very large nunber of cases,
its enploynent {s based on ignorance, ond even suspiecion, There is still a tendency
to {magine that RADAR s based on principles which the avercge nortal eannot under=
stand, and that its problems will bc settled by the RADLR branch,

In actucl fect, therc {s no RADAR branch as such, The position of RADAR
in thc Navy {s anclogous to scononship, It is the responsibility of 211, Any
officer {s liahle to be detailed to toke over RADAR responsibilities, whether
speciallist or no,

It is hoped that Chopter I has gone soie way towards dispelling The
prevelont idea thet RADAR is Black Mogle, It 1s desired in this chopter to noke {t
perfectly plain that, vhereas in pure wireless {t does not matter to the officer
vhether his signal Is mado on type b8, 49 or 65, in RADAR the type murber rwtiers
very conslderably, Confusing though the nurbers mny be at first, type 284 rust
nean soniething to the officer in tems of fizhting efficlency and hitting power,
There can be no gshirking this,

An Officer of the Watch would not think of arriving on the hridge without
beirg equipped with binoculars, Furthermcre, he learns how to use then, in order to
inorease the distance at which he can sight suspicious objects, and improve his gener=
al alertnessy but for some unknown reason, he will not give & thought to an {nstru=
nent which gives hin vision up to 20 niles cgalnst surfoce objeots, and 100 niles
against aircraft, when he cannot see his hand In front of his face with the humen eye,

Sinflerly, an officer tokes it os his duty to study the guns with which
his ship is fitted, and appreciate thelr fire=power, range ond accuracy, He even
tekes pride in, ond boasts of the gun~power of his ship, RADAR will not find its
rightful ploce in the Navy until {t is put on the saie level, Officers have got
to take It as their duty tec know what the RADAR sguimment in their ship is doing for
then, and how to use it; and whon boasting that their ship is fitted with this or
that number of guns - add: "and R.DAR types 277, 274 ond 275%,  There can be no
real adnireticn for the ship todoy without that last approcistion,

Apart fron tihls, officers should also be cble to lock at a ship end
teke In at o glance the RADAR equipment which {s fitted, To do this it {s nct
necessary to tcke the sea=boat over ond lock 1inn the RADAR office, for every RADAR
set has {ts own pecullar aeriel systen, cnd oen casily be reecgnised, Officers
oust be able to look at a ship and advise thelr Adairal or Captaln an the rightful
place for that ship to oceupy in the disposition of the Fleet; for it will, or
should, be profoundly affocted by the RADAR equipnent of which she boosts, For
this reason, diograns hove heen prepared tabulating the Warning ond Gunnery equip=
nent, the last colurm of which shows the associated aerial systen,

A RADAR frequency spoctrum hos also been prepared which shows where
the vorious types of equipient lie in frequency with reference to ecach other,
Sets are desipned to fulfil certnin requirements, and are classified under severzl
general headings, Different frcquencies {ulfil different requirenents,

THE PROCESS OF PRODUCTION,

The process is very often a slow one, judged by wartlime stondards, but
it usuclly has the virtue of belng sure, Scientigts design & set to certain staff
requirenents, and perhaps one or two nedels are produced, These are sent to sea,
vhere they do extensive trlals in all sorts of conditions, They retum to the
designer to the accompaniment, usually, of a host of ccmplaints, A number of
nodifieaticns are Introduced, and the sct goes to sea ogain,



This process moy be repected agaln perhaps twice before the final design
{s decided upon, It may toke between 2% to 3 years before the set reaches its fincl
farn, and leong though this period is, the equipment at the end of 1t usually gives
continuous good service both fron the operational and neintenance point of view,
Type 79 1s = typical cxanple of thls procedure, It was produced sometine before
the war, and is still golng streng and hes given less trouble than any other set
designed since, The necessities of wertime demond that this sonewhat leisurely
procedure be cut dovm to o nininum, and many of the troubles with which we have had
to contend today in RLDLR equipnent preduced since this war storted, have been due
to this,

THE BIRTH OF R..DAR,

It Is intcresting to trace a short history of the start of RiDAR and its
developnent up to the prescat=doy steondord,

It was as carly as 1935 that H,M,Covernoent began to consider the question
ot werning egainst air attock frum the Centinent of Europe, The whole organisation
of the Fighter Pefence cof Creat Britain depended on sufficicent warning of the approach
of eneny alreraft being available, It was essential that Fighters should be kept on
the ground waiting to nect the acsault vhen it cane, To nmaintain fighter patrols in
the air, in streagth, is probably not possible even teday, when our air power Is at
its helght,

This - vital problen vos hended over to ar leading scientists of the day
to Investizcie, os to whether there was any neons known to science which would give
us this time interval; which was, in fact, as it turned out in the Battle of Britain,
a 1ife ond death necd,

Mr, Wotson Watt, now Sir Robert Watson Watt, stated thot he had been
ongeaged 1n employing the refleeting properties of electro=nogneti¢ wavas to deter=
mine the height of the lonosphere = and it would cppear at first sight that this
could be applied to clreraft, It had also been ohserved that when aireraft were
flying in the vicinity of Television Stations and Reccivers, a double picture
sonietines appecred, This strendthened the bellef thot reflections could, In
fact, be cbtolned fron alrcraft, which was the only way these double inages could
be accounted for,

A4S 1s now well=knawn, development and production then went ashead to
produce & coastol chaln of Warnlng Stations round our coasts, wilch were to play
s0 vital 2 vort In sceving Britalu froa defeat in the enxlous days of 1940,

The potentialities of such valuable equipment were limedlately apparent
to the Navy, for whal warning of afr attack was equally a vital need; but as in 2ll
rmaterlal fitted In ships, and particularly warships, great practical difficulties
heye to be overconz, Indced, usnally severe linitotions are suffered when conpared
o the same equipnent set up ashore = and RADAR equipnent is no exception to this,
The slting of the acericl system, for Instence, hos to be a conpromnise between con=
siderations of topwelght, fleld of view, and the design of the reflecting systen,

H,i{,S1gncl School, however, set to work to design equipment which could
be fitted In chips, At firgt, !t was largely o natter of designing valves which
would producc 2 wavelength short enougch to enable the aerisl system to be sited
high up in the ship, without heving to nicke prohibitive sacrifices for this addit-
fonal topwelight,

PROGRESS OF DEVELOPMENT.

WA sets,

Tipe 79: The first cot vto be produced was ectuelly type 79, a WA set,
which worked vn 2 wevelength of cbout 7 netres, At the start of the war, two of
these sets were at sca, one In the RODMY and orne in the SHEFFIELD, and 38 mare
viere on order, It ;ove o horizoatol lobe of 70° and & detection range of 95 niles
on an afrerafv at 20,700 fect, This sct, os before stated, has perforned with
great success, Sxperieice quic<ly indiceated thot echoes could also be obtained
froan surface crofy, ond the potentialities of this were limediately reccgnlsed as
applicd to Cunnery roicetoking,
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e 279: A ranging panel was designed and fitted to the 79 ond 1t vias
called in this event a 279, The unsoundness of the pollcy of using the same set to
glve air warning as was to be used on o toctical basis to give Gunnery ranges was
very soon renlised, ond there wos o call for separate Gunnery sets, This 1s now
done and 279 is obsolate, the ranging panel having been dropped,

Type 281: A new Warning set was soon brought out called 281, The
reason for this w&g to glve better cover against low fliers and it operated on
obout half the vwavelength with a L8% beam, It was more powerful than the 79, and was
fitted with Beam Switching, and had an increased detection range over type 79 of
about 25 mlles, The better protection against low flying alreraft provided by an
increased frequency s discussed In the chapter on height finding,

When ¢ type number §{s succeeded by the suffix letter (B) this means that
the set operates for Utransmitting and recelving on the same set of aerials, c,g, type
79 B, 281 B, This modification has been necessary due to the competition for sites
with & clear fleld of view, and {s poarticularly oppliccble on alreraft corrilers,
where two Warning sets are now fitted, and where masts are not in abundance ot the
best of times, Types 79, 279, 201, were all under the general olassiflcation of
Alr Werning sets, or WA sets, All crulsers and obove have WA sets to the propor=
tion of 75% 281, and 25% 79,

WC sets,

There was soon & coll for some form of RADAR set for destroyors and
small craft, No set which worked cn a short enough viavelength for a destroyer to
oarry Its aericl system was yet deslgned, rueh less In productiony or at any rate,
in sufficient numbers,

A Fleet Afr Amm Wolrus elreraft fitted with an R,A,F, Alr Burface Vessel
set {A.S.V,) was at this time on the slipway et Lec-on~Solent, It vios observed that
when the A,8,V, set wns switched on the movement of shipping in the Solent could be
observed,

The Nevy, therefore, applled to the R,A,F,, Who had a very large number
of these A,S,V, sets, fitted In afreraft,which worked on a wavelength of about 1,4
metres, It was consldered that these could be Yitted as an interim measube end
would give fairly reasonable protection or warning cgainst surfoace craft and ajrercft,
The R.AF, were willing to release a sutficient number for our use, ond these 4,5,V,
sets, which were classified as WC {or Warning Combined) sets, filled an importont
20D

In the Navy 1t vias called type 286 M, and the first one had 2 fixed acrial
system, vhich reseribled, In some respects, ¢ bedstead, and was fitted to the foremast
faecing farword,

It was not a popular set, particularly because Commanding Officers had to
swing thelr ships to obtaln becrings, which were never very accurate; It had quite
2 large back echo up to 5,000 yards, and only gave cover between sixty degrees on
elther bow,

266 M quickly gave place to 286 P, which was the same set provided with
& rotateable aerial, and was ¢ considerable improvement, not only from the latter
point of view, but elso that this beam width was narrowed tc 38%,  An cffort was
then made to Increase the power, and therefore the detection renge, of this set,
which suffered from lack of height vhen used in small ships, & more powerful
transm{tter was, therefore, added by Admiralty Signal Estoblishment, and the modified
set was ealled 286 PQ; but like all oquipment of this type, it 18 never very sat=
isfactory adding bits for which it was not designed, ond in fact, it never seemed
to develop the theoretical additional range,

Furthermore, 286 being an nircraft set, was not designed on the lines
which Naval sets are, The R,A,F, do not bargein for maintencnce In the air, Thelr
maintenonce 1s done on the ground by cxpert staffs, whereds In the Navy the equipnent
has to be maintalned whilst at ses for perfods up to throoe weeks, Lack of waves
meter and ealibrator was, therefore, & further embarrassment,



Adniralty Signal Establishment had, In the meantime, been pressing on
with the design of a WC set specially for light creft, ond type 290 was the first
product, This was not satisfactory from many points of view, both in design
end perfornonece, &nd after it was born the present nodern WC set, type 291,

Type 291 is an extremely neat compact little set which iIs giving excellent
results in destroyers (291), submerines (291 W), and Coastal Forces (291 U), It °
has proved most populcr from every point of view, It has a 389 lobe, and has given
relicble surface detections with good ranging accuragy up to 10 miles, and aireraft
detections up to 50 miles ot & reascnoble height,

¥S _sets,

When the Wolf Pack tacties of the U=boats becare established, there was
on irmedicte outery for greatly improved Surface Werning, or WS equipment, to be
complenentary to the ASDIC equipment,  Coneurrently, Admiralty Signcl Establishaent
had been experimenting with wavelengths of the order of 10 cms, and the production
of pencil or searchlight beans,

The development of 1,C00 kilowotts In 2 pulse of o few millionths of a
second in length, ot a frequency of 3,000 nc/s, was an achievergnt by owr scientists
of the first mognitude, Indeed, the production of the 10 cr, equipnent has nade a
najor contributfon towards winning the war, It appears to be far in advance of
anything which our enemies have produced, and we have handed this technique over to
the Anericons, who also adopted 1t irmediately,

The first set to be produced, the type 271, gove splendid results, even
from corvettes, ond nass produotion of pre=fabricated models wos embarked on ot
first priority; ond in a remarkably short space of time our escort vessels, and
afterwards Fleet Units, began to be fitted,

By virtue of its short wavelength, i1t was possible to desipn paraboloid
reflectors which achieved sufficient control over the bean to produce ¢ width of
only 5 or 6 degrees, and the power developed forced 1t forward to give o range
approximeting to the optieal,

A corvette was able to be certaln of detecting z U~boat at 7,000 yards,
and 2 battleship ot 24,000 yards, The nuaber of submarine kills which have been
directly attributable to the 271 are too numerous to oat8logye.

Reference has been made to the optical ronge of tnls set, Since the
frequency 1s beginning to approzch that of light, so the range begins to approximate
to this, and therefore depends on the helght of eye, or helght of serlal, To
improve the range 1t 1s necessary to site tie 271 lantern, which contains the aerial
systen, as high as possible,

Difficulties arise cgeln, of course, on account of topwelght, particular~-
ly because, in the pre~fabriccted set the office ond lentern are all cast together
and are Inseparable, Nor is it desirable techiiically to separate them more than
possible, due to the very serious loss in power which ocours In the feeder lines, the
matching of which will not help in frecquencies of this order,

However, arrcngements wWere nade to separate office and aerial by a dis=
tance of L0 fect In order to achieve greater height of RADAR eye; and when this
was done, the set was called 272,

A nmore powerful edition of thls set was produced for eapltal ships and
lerge crulsers, which had two large parabolofd refleetors, one for transmitting and
one far recelving, instead of the cut=off cheeses as I the 271 = and this was
callod 273,

A battleship was abls to be cortain of some 15,000 yards datection on
8 U=boat, and 41,000 yards on o battleship, The lobe width was about 10°,
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Sunnery sets, G4, GB, GC, GS,

As previously observed, the need for sepcorote Gunnery RADAR sets devoted
ta Guanery interests only, wos quickly appreointed, ond ot the time Admiralty Signel
Estoblishnent were experinenting on what wos then o Very short wavelength, 50 ons,
This was judged to be o reasoncble wovelength on which to design the Gunnery scts,
ond design end production went chead, The results obtained jJustified expectations,
Sets were designed to fulfil the following requirenentss=~

a) & renging set to be assoeiaoted with the naln amonment of large crulsers
and above (GS type 28L)

b) A ronging set to be assceicted with the highwangle arnonent of big ships
end both high englc on¢ low apgle of sncll ships {0A,285)

¢) A ranging set to be associcted with borrage firing director (6B,285)
d) A ronging set to be associated with close ronge weapons (6C,282),
All these sets vere designed on 50 chs, and were produced on rwuch the sax lines,

Type 28l ond 285 were identicel excopt for their aeriol systems, The
plg=trough nerial fitted on the maln crmasent director with o 28lL, was obviously
unsuitable for fitting to the snall directors used in the H,i. control systen, The
YAGI, or fishbone type of cerlal was, therefore, doveloped for the lctter,  The
latter aericl trained ond elevated with the direector sight, ond though & reasonable

bearing accuracy could be obtained, due to the control of the bean {n the horizontal
plane, this was not the ease In the vertical plane, ond no necsurenent of angle of
sight is possible with it,

The lobe of the 284 is 59 in width, whoreas in the 285, 14° 1s the best
that con be ochieved, In 282 and 283, vhere there are only two Yogi ocerfals, the
beann s of the order of 30, The developuent ond use of bean switching in these
s:ts 1s discussed in the chopter on Dunnery,

A1l these sets have glven thoroughly sound results and have revolution=
Is6d the accuracy of control in Naval Guanery,

FUTURE DEVELOPMENTS ,

So much for the sets which cre actually at sea and serving the Fleet; &
trief lodk Into the future to enable offfcers to see what 1s coning, 1s desirable,
Even though sone of the following sets ocre already In the process of being fitted to
sed~golng ships, in linited nunbers, they are still experimental,

Such has been the success of the 10 cm, technique that, with the exception
of future Alr Warning sets, which clearly demend long range results not achieved by
& pencil bean of this nature, all our future developments have been an these lines,
using 2 10 cn, wavelength or even shorter,

WA sets,

The production of new Long Range Warning equipnent is still some way
off, but plans are In hond far the development of 2 set to give detection at 200
niles using o wave of 1f to 2 netreg, This 1s to be called type 960,

The policy at present Is to design a Surface Worning set (on 10 ecms) to
fi11 in the gop underneath the 960 cad thus be complerentary to it, The two will
be greared and rotcted together and the result throvn on & combined P,P,I,, or
Universal Display Unit, as it will be called, This presupposes that the pulse
repetition rates are the sae and the pulses synchronisod, In this way, it is
hoped that camplete cover, with no gops, noy be achieved,



WC_sets,

Type 293, etiploying 10 cms, was originally desipned to replace typa 291
as o WC set, It enploys o continuoussy rotating cheese, feeding a P,P,I, presentas
tion, 1t wes hoped that the splay of the bean in the vertical plane would be such
as to achleve not only highly satisfroetory surface warning results, but also air
worning, so @5 to replace both 271 and 291 In the sall ship,

L requirenent arose, however, far & RADAR set which viould give overall
datection between 0° and 70° of elevation te o distance of 30,000 yards, for fesding
into a Target Positlon Indicator In the Target Indlecating Unit, To achieve this,
the 293 was converted by tipping the cheese aerial up to an angle of 300. This
gave the necessary splay up to 700 in the vertical plans, but has o compensating
loss In surface warning which is hardly acceptable,

Modern destroyers at present, therefore, are being fitted with 276, which
gives quite good results on aireraft under 5,000 fect, and it is being baclzed up by
keeping the 291 IR the ship, This Is, of course, far better except fran the nain~
tenance point of view, Work Is being advanced on type 992 as the now Target Indico=
ting set, of which there are no detalls yet,

The only other WC set under design 1s the 267W, which is being prepared
for submerines, It will replace 291, This sect Is a form of hybrid, working on
two wavelengths, approxinotely 1% netres for ilr Worning, and 3 cms for Surface
Warnling, They ore beling glven separcte oerial systens, the 3 on, cne being o o
periscope nast, It is hoped that blind.fire will be possible, using this set, with
only the 3 on, oceriel showing above the water In doy ottacks, The two sets are not
being designed to operate simulteneously, Bota Clags ¥AY and P,P.I, presentctions
will be used,

WS sets,

Several new WS sets are on the point of being brought Into service, They
are belng fitted during the current yeor,

Firstly, type 276 has been produced te replace 272, It will, therefcre,
function Instead of 277 In ships which cannot tolercte the topwelght, New Flest
destroyers with the fromework masts are belng fitted now with 276, though this nay
be replaced by 293, as already stated, It has g power-rotcted single cheese, whioh
feeds a P,P,I, and "AM geon cobined, It should give horizon range on surface
targets, and 50,000 yords cn aipcraft below 5,000 fecot,

Type 277 has been developed to roplace both type 271 In snall ships, and
273 In big ships, It hes nmany odvontagoes over its predecessars, It has a single
power=rotated paraboloid feeding P,P,I's and "A'" scan as required, It has greatly
Increcsed power which should give horlzon ronge detection on surface torgets, ond
80,000 yards on alreraft below 5,000 feet, The aerlal Is stabilised in aziruth and
elevation, and in additicn can be elovated to OO to neaswe height by angle of
slght method on an H,P,1, This will be further discussed in Helghtfinding, It Is
worth observing here thet, if it is required to necsure height it has to be done by
sacrificing swrface cover, far the aerizl nust be stopped and elevated,

Type 990 was begun in order to replace 277, but this !s a long way off
vet, and it hos become Involved in tho deslign of & WCH set,

A s0ll vmening set called o 970 has been odapted from the R,AJF, H2S
set used to assist bombing and navigation in bonbers, for navigetional use Iin
landing aroft, A MP,I, presentotion cceonponies it,

A new Surfroe Worning set for coostel croft 1s being developed in Canada
operating on the X band, This 1s to be called 268, ond should give reliable
detection on another cecastal creft at four niles,

WOH SgtsS,

An entirely new class of set 1s now under development which is deseribod
as Warning combined with accurate Helghtfinding (WCH), This was conoefved on 10 cnms,
to give excellent surfoce warning and hefghtfinding by ongle~of-sight method, with
grectly increased ranga over 277; aond also to get over the disadvantoge of having tO
stop the rotaticn in order to measure height,
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Type 29l was the first design, but it was rapldly replaced by tupe
295, which worked on four tines the power at approximately 2,000 kilowatts,  The
aerizl systen was to be continuocusly rotating and power=driven =~ but this time with
two sections = & horizontal cheese with o vertical cheese superliposed on top of
it, The latter, which was for reception only, therefore elevated without affeeting
the horizontal or surface cover,

When taoking heights, experience would probably show that for the initiol
height estimotion 1t would be necessary to stop the sweep, The deslgn of 295 hes,
hovever, proved so complicated the 295/960/990 combination 1s now being revised, In
effect, a new 980 1s being produced to give the continuous plan display of the 295,
end a 981 to carry out the heightfinding function of 295 and alternactively the low
cover function of 990, Types 29k and 295 have been dropped,

Gupnery_ sets,

The new CA and S sets arc also belng designod on the 10 ¢, wavelength,

Type 274 is replaclng 283 as the naln armanent set for cruisers and above,
It has a single cheeso sited as before on the meln direector, and should glve + 25
yards ranging accuracy, and + 3! of bearing accuracy = over renges of 32,000 yards
on a blg ship, and 14,000 yards on & U=boct, Great hopes are sct on this equipnent
that it will give accurate blind fire as well as greatly incareased accuracy generally,

Type 275 1s to replace 285 as the future GA set, ‘The aceriol systen here
consists of two bowls, or nacelles, not unlike car headlamps, which cre fitted to the
director, They are stobfliscd and can be elevated, The result is to provide range,
line, _ggg ongle of sight, with ¢ performance ond accuracy equal to 274, The bean in
this set Is switched in the vertical planc as well as the horizontal to give accurate
angle of sight noasurenent,

The only other Cunnery set being produced in the Imnediate futurs is type
262, o new GC set to replace 282, This works on a frequency of 3 cns, and is designed
to give blind fire for close range weapons, After belng given a lookout bearing,
it scans automatically 159 efther side in the horizontel plane and 50° in the eleva=
tion plane, noving In steps of 30 at a tine, It tokes 17 seconds for the whole
cyele, ‘then a target is detected the whole affair stops seanning, ond cutonatically
locks on to it, If there are nore than one, It locks on to the nearest,

U,S, RADAR EQUIPMENT,

A tebulated fanily tree of U,S, shipborne RADAR has been prepcred, The
British equivalents heve been put 1a alongside then s0 as to give an indication of
their perforuience, :11 dGetalls of technique are pooled between our Navies, and wo
therefore progress together, and RADAR is equally developed on each side of the
Atlantic,
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