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THE ROLE OF RADAR IN AIR DEFENCE . A
By Sq/Ldr T. T. Joseph, Assistant Director of Signals, Air Head«
quarters, co

. ‘The story of Radar, for. obvious reasons, was a closely guarded
secret during the last war, but since the end of the war, news papers
and magazines have published a large variety of articles on its
achievements in World War 11. Of late, several books have also ap-
peared on the subject of Radar. I am suré that you all, gentlemen,
would have come across some or most of these and therefore, what I
am going to say may appear to some of you as retelling an old story.
However, as one who was familiar with the science of Radar from its
éarly days and who has had occasion to plag a humble part in its
achievements in South East Asia, I hope I shall make bold to speak to
you as one with first hand experience. " R R

2. The word ‘RADAR’ is a manufactured term, its full form being
“Radio detection and ranging” and was first used by the Americans.
The British equivalent was Radio Location or Radio Direction Finding,
R.D.F. for short. When America joined the war on the side of the
Allies, the word Radar was universally accepted. RS :

3. The time and place of the origin of Radar are controversial
points. I do not wish to enter into the controversy as it is outside the
scope of this conference. Suffice it to say that Radar has played a very
important part in the last war and that it has been a major factor in-
changing the course of events. I don’t think that I can describe its im-~
portance better than by quoting what two eminent British personali-
ties have stated about its achievements. In the words of Sir Stafford

Cripps, the war time president of the Radio Board, , '

: “It has played a greater part in the war than the atom bomb and
holds far more potentialities of service to the human race
than the splitting of the atom”. : o

- Describing how Radar helped in the interception of German and
Italian raiders over Malta, Air Chief Marshal Lord Tedder said, - -
“It was unforgettable to be down in the operations room in
Malta, watching the enemy taking off from his airfields, as-
sembling, noting how they were approaching and then see

our fighters being guided to intercept them”. ,

4. T am sure you all know that the basic principle of Radar is the
property of radio waves to get reflected from material objects. Direc-
tion and distance finding by thé use 6f echoes is by no means new.
The process has been in continual use ever since some savage in  his
bark canoe shouted and listened for the echo from a nearby cliff. It
has been demonstrated that bats emit short bursts of  supersonic
energy as a means of detecting and ranging on objects. Modern
science has used this principle for under water ranging.

5. In all these systems, a short sharp pulse of energy is. emitted,
it travels to the target, is reflected and travels back again. By listen-
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ing to the echo the direction of the target and its distance can be
esitimated, the latter from the known veiocity of the energy.

6. However, considering that the velocity of sound in air is ap-
proximately 1,100 ft. per second, a modérn plane-traveiling in excess
of 300 miies per hour or 450 feet per second, wiil be out of range . be-
fore .any ettective action could be taken against it, if a sound system
of warning were relied upon. ' T >

- 7. On account of the shortcomings of the older types of detection
‘methods, it is obvious that the modern system must have a sufficient
range to be effective against aircraft, must be equally efficient day or
night or in cloudy weather, must possess a high degree of accuracy
and must be capable of being used on land, at sea or in the air.” The
hadar system is designed to meet these requirements and consists
of—(1) a source of powerful R.F. puises of short duration, i.e., a trans-
mitter and a directional radiator, (2) a receiver of great sensitivity
and (3) a means of indicating the required data. The discovery of this
pringiple dates back to the early days of radio when it was discovered
that the ionosphere was reflecting raaio waves and  thereby the
height of this layer could be measured. = N S

. 8. The fact that radio waves possessed optical properties was de-
monstrated as long ago as 1886 by the famous experiments of Heinritz
Hertz, the discoverer. of radio waves. Hertz showed, ‘among other
things, that radio waves were reflected from solid objeets.” In 1904 a
German Engineer was granted a patent in several countries on"a pro-
posed way of using this property in an obstacle detector and  naviga-
tional aid for ships. In 1922, Marconi strongly urged the use of short
waves for radio detection. Successful detection devices were develop-
ed independently in America, England, France and Germany during
the thirties. British radar was developed at a faster pace than that
of other countries under the immediate threat to Britain's‘ security,
During the winter of 1934-35, the Air Ministry set.up a committee for
the scientific survey of air defence. Among the suggestions it receiv-
ed was a carefully worked out plan for the detection ¢f aircraft by a
pulse method, submitted by a Scottish scientist, now. Sir Robert
Watson-Watt, who was then the head of thé National Physical Labora-
tory Radio Department. The first experimental system was set up in
the spring of 1935 on a small island off the east coast of England. By
March 1938, five stations about 25 miles apart were set up to protect
the Thames estuary and started operating .under R.A.F. personnel,

9. How Radar Works.—Let us now see how radar works. As you
all know, Radar, like communications, consists of a transmitler and
receiver, but unlike communications, the Transmitter and receiver are
both located at the same place and have very often a common aerial.
The transmitter send oul energy in intense bursts-or pulses of ex-
treme.y short duration of a few micro-seconds.. After each pulse, the
transmitter shuts down for a relatively long time, during which the
receiver is functioning and the signals it receives are the echoes of the
powerful transmitted pulse, from nearly objects.” The nearer objects
give cchoes sooner than the more distant ones. The time elapsed
between the transmission of the pulse and the return of the echo gives
a measure of the distance of the target, exactly as in sound d-tectors.
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This: is rendéréd possible by -our: kriowledge ofthe velocity ‘of'éleétho~
magnetic waves namely. 186,600 miles per- se«eend Gr -3281 yards: per
microgecond.

10. Beaxmg -—-—In order to deﬁne the exact pogmgm of an Zrcﬁait
in space, we have. to determine. three: faetors. Distanece. or- range is
oniy- one of them and we have seen how puise-technic
determine this. The second dimension required is the.di B
ing of the target. This is measured by prov1d1ng ‘the radar wi
tionial aerial system which serids.out:the pulses.in‘a narrow- heam like a
torch light. The aerial may be. rotated and we. get-back an ‘echo when
the antenna:is pointed towards -its target: .The ' beawing . ofs: the
antenna; which: earni be reack oﬁ on.a, mrcular scaie, gwes the bearmg o:f
the aircraft: ,

S 1L Hemght ——:—There,xs ye’c a thn‘d Eactox: to. be‘ determmed and {
is the angle of elevat;qn he target or its” height "above. ground
This: is a:s0 determined by roperty of the, -fadar
aerial and of its being’ capable*of*rpta riical pAane “until’ the
echo has maximum strength. . The he (
puted from thé Known values of. slant

12. P.P,1.—A more, spectacular mdlcamon of the direction and
range of a target are obtained by the use of a cathode ray tubeas a

r,‘Plan’ Position Indicator: In this case the Radar echoes™ are
made tg;cause intensity modulation and thereby draw a map ‘ort the
face of the tube of objects surrounding the’ Radar set up'to a distance
of 50°or 100 miles:, ‘No matter how many objects surround the Radar
set, each’ is mﬁlca ed’ by a blob of light, the irtensity ‘of which varies
ith the ¢ : ”'énergy reflected by it; Thé whole picture is there,
,occupymg the eentre and ranges-and bearings-can
‘ '~ ee marked a«lo@rgﬁtﬁef edge of the

Mle’ of elevatlcm

tube face

13: Bﬂﬁam?s Radm- Defe:ntre 4hn*‘ maSS< assa‘ul'cs, on Englaﬁd by
the Luftwaffe began early in:September, 1940+and: rapidly increased
in intensity-and with that the defensive.chains opened four-years. pre-
viously had their first: great test: 'Despite a critical shortage of fighter
planes and pildts, the R.A F: was ablé to:spot each incoming’ raid- in
time to:throw fighters. against it.. . The necessity for: constant airberne
patrols of: fighters: was'eliminated by the use of Radar: and. “the. few
to whom so many owed so:much’; to quote. Churchill’s phrase,
thrown: into battle e.eangmzcally and. with the -maximum. . striking
power, ‘

4. AL & AS. V’——By November: that year Germa' tactics.
changed and; the.day. raids were replaced by night “attacks. T
night.attacks increasingly put the reliance of the defender on’ Radar,
Not only was, visual spotting more difficult, but the def n,d“‘in hters
encountered such. poor visibility that. Rad ar aid for t )
beeame a pressing need. The emphasis on British Rat
then, shifted to airborne equipment. Two types were"en :
for.the detection of enemy aireraft. fi;om*n:feht ighter [
Au;craft Interception).and al;miher' th

called AS.V. The emphasis-on ‘airhorne rad;
that if sharp radar beams were ever ig be prod an’

too large to carry in an aeroplane, wavelengths qhorter “than 1.5
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raeters.would: have-to-be-employed. .-At: 1.5 meters- “conventional
transmitting rvalues were: adequate to generate . the.reguired: pulse
power:;-But: nepowerfulioseillator. capabie- of generating: waves-much
shorter was known. Consequently, the problem: of developing. & mic-
Towave geaeratox was. given to a.research group in the University of -
gHant. With ;‘co—ogei‘atloﬁ ‘of the British industiy; the
‘Birm 1gham” group “develtped . & practical form of the ‘cavity magne-
tron:, | This,, ajorig, with ‘othi

of "obtaining’ sa,tlsf‘actory _power dltput’ at’ centinretre. wavehmgth
Ieadmg {0 the engrimous wide rrg of the power-of | &ar, after 1940.

15 GhE 1-In addition ‘to'the dévelopment of AL Radar a4~ new
techmque known as G.C.I. was also evolved-to-dounter the: German
night, raids,,. Duging-the: day raids, it had been.sufficient to:hring the

" fighters. mta,th& ‘% eneral vieinity of the enemy rajders and rer on.each
palot!s visipn_an dgment or qhogsmg targets: and making intei-
CEQUOIIS At nigh t thls ‘was no.langer possible. In fhe G.C.I fechni-

que, a controller ‘on the ground, watching the air situation on fhe

2 P.I. of a special radar- set, chooses a- sgecxa,[ enemy. plane as,a target,
gwes deta;led course. mstructmps, ,vd;xch ‘we, call. ‘vectors’. tp the
fighter under his control and skilfully manouvers the fighter to a posi-
tion1: to 3'miles: behint the target, just below and.on the same:course.
When: this is done, the. fighter is asked:to:*flash.his: weapon” and the

A1 radar-inthe: ﬁgﬁter takes. over. This "was: operated by a specml
radar: operator: who had no other-duties and the 'pilotwas .only. a

- chauffeur obeying instructions:right: upto-the’ moment wheén. e 'was

close fo:the enemy plane: tosee it: agamst the mght sky From thxs

*txme ony: the plwt cemp&ted ﬁm attank

L would hk,e to, add that this cemphcafted teehmque qemanded
ieam wark. of a very, bigh: order, between grqund ccntroller and pﬂot
and between A.L operator and pilet. ,

16. I.F .F.—There was one other teghnical: devme whleh camgletagd
the success of this .complicated. technijcal system. This was a device
Iknown as' LF.F."(Identification, Fnend or Foe), IFF is a small* radar
set fitted to all our aircraft and which is capable of giving an ‘identify-
ing signal to a ground radar station or 4 Jﬁgh'c;;er plane, when interro-
gated by it, 'This helped the radar stdation or the’, ﬁghter 1o chstm-
. %:1115}1 between inend and foe as spon as *:hey were plcked up on ths
e., LD i

X7 AAa.—-—»There g anotmar depar'ement: of ‘air- defence i whlch
‘radar has played! an impertant:rele, namely: A.A gun laying: - Modern
‘aireraft fly so fast that the antiquated. method:'of locating. them by
‘sound- detectors, - arch*lights and: tracking telescopes-is.as complicat-
‘ed ag it is-imacourate. Medern. anti~aircraft-radar locates planes most
-aCcurafely and-in-addition once the-plane is. caught in the beam: of the
‘A A; radar; by automatic remote control; points the gun always at the
»t"' get ahd enasbles it to fai«low n& movements :

Thl& devme was of g;:eaﬁ servme durmg the flying Bomb ra1ds over
;England The.accuracy. of the . A.A. radar.defence will be illustrated
by the- fac:t that, on 21st, August 43, although 106. of . these | pilotless
:planes or Buzz Bombs. as they were caJ,led crossed the. Br1t1sh coast
.for.London; only 3 of; them, armved' ' N

develi en“ts opened* the’ possibility

;,»w. D
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18. Battle against U-Boats—Though the subject of my talk is role
of radar in air defence, I think it will not be out of place if I touch on
another important part played by radar in the last war; namely the
battle against U-boats. R S g

From the beginning of World War II, the-Germans had decided to
put.a major effort into the destruction of allied ‘shipping by _concen-
trated U:boat attack. Consequently, the Allies spared no efforts  to
remove this menace from the sealanes of the Atlantic. The battle
against the U-boat was, in fact, a technical conflict, with  thrust,
:counter thrust and parry, all being executed in térms of new devices
and technique. During 1942, U-boats were sinking-allied shipping at
the rate of 16,000 tons per day. , L , R

As T have stated earlier, the British had . already developed a
radar known as A.S.V. for the detection of submarines or other ves-
sels on the sutface. These were fitted to long range aircraft and the
sea lanes where U-boats were known to be ‘working were constantly
swept by the radar beam. As soon as the echo of a surface vessel was
observed on the cathode ray tube, the aircraft changed its course,
headed straight for it and attacked it before it had time to sub-merge.

The early ASV equipment were rather crude. and of  limited
range. But soon research development evolved sets working on
shorter wavelengths and of longer range. . As the rate of loss of sub-
marines mounted, it became apparent to the Germans that the air-
craft attack on their U-boats were taking place far too often to.be the
result of complete. reliance on visual sighting. They suspected radar
and after capturing one A SV set, they fitted receiver to U-boats to
warn them of approaching aircraft. The allies replied by mounting
microwave A SV equipment in their aircraft, which, the submarine
receivers were-not capable of detecting.  Again, the U-boat kills * in-
creased and the menace was removed, - : S :

Radar as an offensive weapon,

19. H2S.—In the early days of World War II, radar was looked
upon and utilised as a weapon of defence and utilised as such. But
later years proved its possibilities as an offensive weapon. When the
initiative of aerial warfare passed from the Nazis ifito the hands of the
allies, they decided to commit their heavy Bomber force to night
operations entirely. They knew that night operations would be suc--
cessful only if good aids to navigation and special means for target
location were provided for every aircraft. Scientists at T.R.E. work-
ed feverishly day and night to evolve a self sufficient radar that could
be fitted to each Bomber and which could find its way and identify
its targets totally blindly. A new type of microwave radar known as
H2S was developed, at first by modifying an A.L equipment. It was
already known that with a centimetre A.S.V. equipment, a map of the
sea could be displayed on a P.P.I. tube and that any surface vessel in
its field would show off clearly against the background of sea returns.
There was therefore, good reason to suppose that if the A.S.V. radar
beam was used to scan land, better radar echoes would be got from
the smooth walls and roofs of buildings than from irregular surfaces
offered by woods and fields. This was tried and it was found that
‘strong indications of towns were seen on the cathode ray screen. This
was H2S born. Shortly afterwards, flights were carried out . over
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¢loud in which photographs were taken of the P.P.I. presentation of
certain towns. These proved highly successful. There was great
si;ent-jubilation foHowing this discovery and the general feeling that
a turning point in the war had been redched filled the minds of the
few who knew about it.*The discovery was of invaluable help to the
Bomber aircraft because of what it offered to-the navigator.” He had,
now, before him a:sereen on which, whatever the thickness of - the
clouds below him or the blackness of the night, and however far from
home, he could distinguish between land and water “dareas, see the
shape of the coast line and the picture of townships as he flew  over
them. After the war, the British press described H2S as the ‘Magic
Eye’, but there was no magic aboutit. When the sweeping centimetre
beam of an aircraft radar strikes water obliquely it is mostly reflected
away from the aircraft and so-water shows up as a dark area on the
H2S screen. When the beam strikes ordinary country side such as
wooded areas and grass land, the energy in the beam is scattered by
the irregular surface and some of it comes back to the aircraft - and
illuminates that area of the screéen which corresponds to the land area.
It sounds simple, but a quarter of a ton of complicated equipment had
to be evolved and installed in every aircraft before H2S could be used
for attacking Germany. : .

20. There were other developments also, embodying pulse tech-
nique, which served as aids to navigation, such as Gee, Oboe, Loran,
Rebecca, Eureka, Babs and so on. Though these are less spectacular
than the ones I have described, they are all the same, of invaluable
help to navigation and bombing of military and civil aireraft. New
developments are adding greater and greater safety to air travel.

In conclusion, let' me thank you gentlemen for bearing with me
for the last few minutes and express the hope that this conference
will pave the way to organizing research and development in the
sphere of radar speedily so that.our armed forces may not have to de-
pend on foreign aid for their weapons for long. ' c '





