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COMPI.'ETE SPECIFICATION

Improvements m or relatmg to Monopulse Radar Apparatus

We NV HOLLANDSE SIGNAALAPPARATEN
of <40 Zuidélijke * Havenweg, Hengelo
(Ovenjsel) ‘The Netherlands,’ a- company
oiganizéd dnd ‘existing under the laws of
-5 The' Netherlands, - do- hereby :declare ‘the

invention for which we pray that a patent

may be granted:to u§; and ‘the method by

which' it- is to. be performed ‘to  bé: parti-
ciilarly: descnbed in and by the fOIIOng
statement

“The " invention relates to a monopulse
radar -apparatus for ‘the’- automatlc angle
trackmg of a moving target. -

- Stich' ‘monopulse tracking: fadars’ may be
reahzed in .various ways; cf - Rhodes:
“ Introdiiction - to. Monopulse ». - McGraw
Hill; ‘particularly: Fig.' 3.12- and “the - asso-
ciated text of pages 56 and 57, from which
it may “be derived that the ‘varicus forms
of ‘such a monopulse radar apparatus all
satisfy .ohie ‘and the same special theory.

e various forms correspond to each other
as: regards ‘structure and principle, in that
they - comprise ‘a ‘transmitter - for transmit-
ting pulses of -micro wave energy, a réceiver
for the reception - .of echo ‘sighals in at least
two receiving patterns located symimetrically
with réspect to the-bore sight axis and for
each” angle: co-ordinate- & trackmg ‘circuit
comntrolled’ by an error slgnal whose mag-
nitode and sign depend upon thé amplitude
dndfor phase . relationship of at least two

intermediate-frequency signals varymg in

accordance with the target deviation : with
respect 'to- said -bore- sight axis, sald s1gnals
. being::produced 'by the réceiver in response
to the.récéived echo sighdls:The efror signal
i szmply ‘derived. froni’ thé ~intermediaté-
frequency’ signals by : combiiiing the latter
in':the cofreéct” ‘manier ifi-an- error detéctor;
which' supphes an: output s:gnal ‘whiose’ mag-
nitude:“and sign-iare:‘proportional to the

magmtude and the dtreetton of the angu]ar-

4s. 6.1]

axis:

- Tracking a target by means iof. such a
known monopulse radar apparatus is; how-
ever, often seriously impeded or even com-
pletely prevented die :to the’simultaneous
reception -of undesiréd echo- signals of the
type generally refefred to. as “clutter”. These
are the echos due to ground or sea reflec-

dev1at10n of the target from the bore s1ght 45

50

tions -and also those occurring as-a result ™

of certain-meteorologicdl conditions, for ex-
ample, the : echos. from: clouds or rain.

Clutter echos are partlcularly interfering in

that they are often so much stronger than
the echo. of the target that they completely
obscure the latter. For moving targets this
is inevitably accompanied by a loss-of target,
as the response of the tracking circuits under

these c1rcumstances w:ll ‘cause :the radar

been regarded for a’ long tlme ‘as a serious
drawback of the known monopulse radar
apparatus, since it is- usually not posslble
to track low ﬂymg targets.’

~The invention has for “its ob]ect to pro-
vide a monopulse radar apparatus ifi which
the aforesaid drawback is - reduced to a
considefable ‘extent.’ :

- According to the mventmn there is pro-
v1ded a’monopulse radar-apparatus for the
automatic angle trackmg of'a moving target,
comprising a transmitter for emitting pulses
of : ‘HICTO - wave ehefgy,: a réceiver -for the
receptlori of echo slgnals in at- least two

.....

angle co-ordinate a trackmg circuit - con-
trolled by -an' error signal, the magmtude
and ‘the “sign of ‘which "depend “upon th&

70

75

amiplitude andfor phasé relationship of at

least: twio mtermedﬂte-freqyency signals,
Varylng i accordanice with: the: target devia-
tion ' from ‘said bore slght ‘akis, “said" I.F

85

3. A nonopul se
clainmed in

1. A nonopul se radar apparatus

for the. of succe55| on a phase-sensitive detector to 45 5 automatic angle
tracking of ) ne¥l N ar which the relévant |I.F. signal of the re-
compri Sing & t 1 Snri ATHNT e SFRCIFICATTON o1 and sai d réf er ence
signal are gpolied, of n chRAWANGES ANGAGHERR . I eceiver for the ~a boxcar
det ov. // e hi. ng. the out put reception of . echo_ﬂ at | east
_ e% SHibt %i G --'%KaﬁgNré el fgtgs erns | ocated
. @rﬁﬁ §ﬁ % gt put’ =50 10 with respect
o s a pociiation /01| Kebvedsbar 867,91 OVi tNgi8osskfie  audi o-
eac eA _heutmknaﬂg ncNemeuldnds fN(EQiHEB!w eRUL pUt .Si gnal .
cont I s of = nal22 ngmhta rronopul se-radar apparat us
as ni, fgﬁ‘gﬁ’%? E%ﬁg’“’&‘%nz JE’IYaF bd i ‘clai T 3, wherein
said Do rthe anpki t GECHAGPBYERN LR r el ati onship of “filter has a
bandw dt.-h i p.the.order of. ma 15 at least it wo; 1nterrred| at e- frequency
'si gnipdex: ahﬁ?%'éﬂ%t—%ln (Zéhéﬁguﬂéfe 3%;5@?( 4P dh7 %éﬁ'@ncy SR



varying in accordance with the target de- 5, A nonopul se radar apparatus
as viation fromsaid bore sight axis, said I.F. <clained in claim1,

wher erm—sard~erTor signat_stgnat s bDelng produced Dy the receiver in is
derived from said audio-frequency response to the received echo
signals, wherein signals by using an error detector to which 60 20 said
error signal is derived from audio- the two audio-frequency, signals are
applied frequéncy signals obtained by coHEAN de-iasinput §|gnals

»

tection of -sard %n[ er rreal ate-1 requenc "d ang“ m)nopul Se radar n
apparatus as si. g-'ﬂﬁ‘f‘l h au si o~ -.@hffe.d in “I i m
5, wherein sai d g ert ’ggmnpra&aaa fioaltb@m fﬁndl Sy 0duses t:ﬁi&b

conprises a phasa:d uctncwexgdﬂs eibtafired 6By 25- Shavet, srg:ﬁl whieh éc Ipmpentx

the radial and; nvmdqsctethqqeofr Vaﬁpr % P?’%’ 3.
target relative .“ gpgllap&?gfgéu r@‘ ghg égg%de
=

appar at us. frequency shlft of the echo SIgnals due td-i .near . d-iaf-Sc+ er eby .--on_e_'
of said 2. A nnﬂnepadlﬂerelomwd&atrthapmt sellatige #ps- &mﬁldee@ ﬁnd#@etfﬁ%v: rzr get, Zs
a3C

signal s -oper at ¥staguiet ORRIE Wkﬂl‘&e AaRe" %}ﬂ%@%@f’é‘i o
si gnal . on the recognition fach @gcadi of 62 GHU QI Yonbe Hgablh fna Eithe
re- 7. A nonDgpples eMITdd Gmovingpargatt indicgtion) - bem/ecr-plaseeoxemcbppom rrelasteedltlt o an

i ctrta gignal. From this phase _
associ at ed stanthPa‘POFl?‘ﬂ!i WIW%%@EIW phdbe vjegnectr i Tﬂég]e i gy target devia. 80

15 presence’ or absence of a Doppler signal orma
provides a means for discriminating between . .tron may be derived. If, for example, the
echos of moving targets and stationary ~difference signal AE is in co-phase with
targets and on the other hand on the novel respect to the sum signal 3, that is to say:
recognition - of ‘the . fact--that: with mono- - (a+b)>(c+d), it follows that the. position

20 pulse radar the desired angle information of the target is above the bore sight axis, 85
even after such: a coherent. detection re- whereas, if :the difference signal -AE is-in
mains unaltered in the resultant .audio. opposite phase. with respect. to. the : sum :
signals so that:the required error s1gnal can signal, that is to say: (a+b)<(c+d) the
be derived. from these' audio signals. ~ . . position of the .target is below the': -bore

25 The invention and the manner of carry- sight.axis. The difference-signal AB ‘may 90
ing it into effect may. be better understood be: considered snmllarly, -to "obtain the sxglI .

* by reference to-‘the: following description of the deviation in azimuth., -
and the accompanying drawings in which: . Through wave guides 9,10 and 11 the

Fig. shows. a- block. diagram of an mlcrowave slgnals AE,-AB and 2, are fed

30 embodunent of a monopulse radar: appa- to the receiver 4. In this receiver the two 95
ratus according to the invention, and . difference. signals: AE. and AB and. the sum

- . Figs. 2a, 2b and. JFig. 3 illustrate . three_ signal 3 are amplified and normalized -after
curves for explammg the operatron of the first having been .converted to a prescribed
apparatus of Fig. 1., _ intermediate: frequency. The -normalisation

35 - Fig:. .1 shows. the block diagram .of a has the effect that fluctuations as caused 100
monopnlse radar apparatus for tracking-a by variations of.the target distance. or of
moving: target in .two . angle co-ordinates. the reﬂectmg target surfaee are eliminated

1‘0

This radar apparatus comprises a. trans- AE AB
mitter 1,:a synchronizing puise generator.2, so that the amphtude ratlos — and —
-40 a gate, pulse generator. 3 ‘and a receiver 4. 3 = 105

The transmitter: and. the .receiver are con- provrde a true measure : of .the magmtude
" nected to. an aerial: system 5, Through this of the target deviation from the bore sight
aerial: system the microwave energy gener- axis. The LF. output signals AE;, ABn
ated by the transmitter is: pulsed .in step and Z;p occur- at;the receiver outputs 12,
45 with the: synchronizing .pulses supplied by 13 and 14 respectively. As may be noted 110
the generator . 2, The  monopulse radar from the foregoing description, these signals
. . apparatus shown in-Fig. 1 is of the sum contain an; ;amplitude and a_phase informa-
and difference type. In accordance heréwith ‘tion which is a measure of the magnitude
the aerial system:5, shown diagrammatically, and the direction. of the target deviation
50 comprises a.: horn divided into four pot- from the bore sight axis. These LF. signals, 115
tions by ‘septums 6::and.7. A device 8, therefore, may ‘be. utilized to ‘develop the
. frequently termed “comparator” operates to  control voltages or. error. signals required
compare_on_ the one hand the amplitudes for the actuation of aznnuth and’ elevatron
of the microwave energies received above trackmg servos 15.and 16. : _
55 and below septum 6 and on the other hand - A particularly advantageous and eﬁec- 120
the: .amplitudes: of ;the . microwave energies tive radar. apparatus is‘obtained by deriving
- received.on either side:of. septum -7. Thus, the angular error. signals. required -for: con- -
assuming the respective magnitudes of micro- trolling the, tracking servos. 15-and 16 fiom
wave: energy. at. the -four horn: portions to audio-frequency ° signals; “obtained by ' co-
60 be a, b, .c.and d, the comparator device 8 herent detection. of the said ‘LF. signals; 125
produces an_elevation :difference signal' AR the. frequency -of  these- audio. ‘signals’ cor. -
. and an azlmuth dtﬁerenee signal: AB whose _responding to- the Doppler-shift of the. echo
respecmve amphtudes may be. represented signals ‘as’ cdused by.the radial: velocity of
by: ~° . the target relative to the radar apparatus.
65 AE—(a+b) (c+d) o For this purpose. the 'monopu]se radar 130



Doppl er signa
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- formeéd :to .. the- mterm,edlate frequency,

whereby . the Doppler .signals produced by

the movement of the target and imposed on

10 the IF. signals are obtained w1th true
amphtude :and: phase.

“From the figure it will be apparent that
the LF. signals: appearing at the receiver
outputs 12, 13 .and- 14 are:.applied ‘through

15 the: conductors ‘19, 20 and: 21 respectively
- to the Doppler isignal: detectors . 17. In this
embodlment said Doppler: signal detectors
comprise, in order of - succession, phase-
sensitive detectors. 22, 23 and 24 respec-
20 tively, to which the relevant:LF. signal and
the said:reference signal: are applied, box-
" ¢ar: detectors. 25, .26 and-27 respectively for
stretching: the output pulses of:said phase-
‘sensitive detector, and connected to the out-
25 put of said boxcar detectors, Doppler filters

28, 29 and 30 respectively provrdmg the :

audm-frequency output signal.

Assuming the incoming echo s1gnals to -

be..free of simultaneously received - clutter

30 echos, the LF. signals appearing at the re- -

ceiver outputs 12 13 and 14 may be repre--
E sented by:

AEIP-—{(a+b) (c+d)hgs1n(m, fopt

ABn,-— { (a +c) (b+d) }tgsm(mi +mn)l .

35 and
2]2-— (a +b+ c+ d),gsm(wl + wn)t
where .
oy —2nﬂ 5 fi —-mtermedlate frequency
=20y § fn—Doppler frequency
- Index tg means “target”, -
: Of the aforesaid IF. s1gna1s the IF
sum: signal Zrp - is applied to the phase-
sensitive detector 22, whereas the LF. differ-
ence signals ‘ABr and AE;: are applied
.45 to.the phase-sensitive detectors 23 and 24
respectively. The reference signal applied
to each one of these detectors is produced

40

95 .

Coherent deteetlon -of these LF. signals in
the phase-sensitive detectors 22, 23 apd 24
with said:signal Rsinw 't as a referemce
100 signal produces at the output ‘of ‘each one
of these detectors pulses of constant amph-
tude w1th supenmposed on each one of

-’ABD
110 .
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Said ‘phase-sensitive detectors 22, 23 and LX)
24 operate on -these applied signals to pro-
duce each-of them an output signal consist-
ing of bipolar video -pulses ‘modulated in:
amplitude in accordance with the audio-
frequency signal op. - Mathematically - the 60
envelopes of these output sxgnals may be
represented by:

. Zp= (a+b+c+d)ggsxnw,,t N

ABD—{(a+C) (b+d)h,gsm (l)nt :

AEy={(a+b)—(c+d)}sinwpt. 65
These -equations have the general - form‘
g sin wp t, from which it follows that each
of these signals has an envelope consisting
of .a sine wave of audio frequency wp,
the amplitude g of which: is determined by 70

" the target echo. Fig. 2a illustrates such a

envelope signal. From the above equations

it may be derived that the ‘amplitude and
phase information required for automatic
tracking and contained as -stated above in 75
the LF. signals even after the coherent de-
tection of these LF. signals remains un-
altered in the resultant -audio-frequency
signals. The signal envelopes therefore con-
tain all information required for producmg 80
the angular error signals. .~

s1gnals comsist of target echos and. stmul-
taneously received clutter echos, ‘the LF.
difference signals and the LF. sum signal 85
consist of a mixture of Doppler shifted and
as.- the -
target being tracked is- a moving target,
whereas -the objects that cause the clutter
echos, apart from internal clutter motion, 90
if any, are stationary or . substantially
stationary. Mathematically these IF slgnals_”
may be represented by :

* ABp=1(a+¢)—(b+d)}asine t+{(a+c)— (b+d)hgs1n(w,+wn)t _
AEm {(@a+b)—(c+d)}qsin o t+{(a+b)— (c+d)h=sm(wx:twn)t -
Em- (a+b+c+d)°,smw,t+(a+b+c+d)tgsm(miiwn)t o

these pulses a bipolar vrdeo pulse, Sa.ld
video pulsés varying in amplitude in accord-
ance: with the "audio-frequéncy signal w,. 105
Mathematrcally the envelopes ‘of these out-_ :
put s1gna1s may bé represented by

(a+b+c+d).,1+(a+b+c+d)msmmnt L
{@a+c)—(b+d) tat+ {@@+c)—(b+a) }, sin wp t
AEp= {@+w k+®h+ﬁ@+w—®+®hﬁm%ﬂ_ﬁpﬂ

_Sznce the géncial " orm of these equa"ons in_Fig.. 2b. The.first term’ .in. . each one‘oi_:

and

‘115

these equations, represents a'd.c, -volte the.
magnitude pof which’ is: dependent on’the ...

they may’ be'illustrated by the' curve ‘shown  received clutter echo, the second term ‘Tepres

to and as illustrated in Fig.
panyi ng

true replica of
transforned to
wher eby t he Doppl er
the novement of %‘he target
~ signals

agg spweeddal e
nmﬂﬂeeﬁml1Qﬁ&ufﬁnhquheﬂhamnﬁmmmd%Msnm: Ofice.
c&ﬁ@@mﬂwlgﬂﬂ obt ai ned.



1, 156, 589

_ 5 those of the so called
"track-mhlle-scan"

3. A nonopul se radar apparatus as clained in claim
2, _ AV TS~ Doppl er
signal detectors conprises in order 1. A nonopul se radar apparat us for the
of succession a phase-sensitive detector to 45 5 automatic angle tracki.ng .
of a noving target, which the relevant |I.F. signal of the rg- cenprising a’
transmitter far: emtting pulses ceiver Bi¥65%8ai d reference signal*are
applied, of mrero—wave ermergy, & recelver 1or_the a boxcar detector for'

stretching the csetttg)atmee-- 'd@f_f sy 11>grﬂiltbe gﬁﬂ?&m‘l fiegots 0G0 BF f

t he phase- sensi agp
connected to thqﬁehél&q ;” L o8 cyﬁ(%w}w@yma' C

e ' 10 dsihe thor-e
si ght axi s and5fanplitude amb

o rinfpiniation. nmlu chirel pphdtlethe 70
co-ordi nate a t rige loresyciag rt idgsireq. r"é‘&'t‘lgg ajzgl te%j 1 gmmtﬂi gﬁ%‘é an
Adfitive

error signal, { MO ed it og\a ROERY. S8 RS Ukcae B9 hud&maad
sign of whi ch deg u.up@ardmg taltheﬁhvenmm haiem dgnalthevwpu sigeal of B b emplifisie

anpl i t ude and/wrprg«hasélat tmu»%%ﬁ S’E“P t ¥ 3 z%ig hipthe o?%ler
tl;!)ﬁq [%il&-ufé e%e %e faetec:sr)Pé %ﬂ%d()’f,s hal f

of mag- 55 15 at*®y ““’

the pul se repet: |ﬁd@p5b1r d. %Uﬁfleﬂor s1gnals no matter

whether or not the target.écho is. free of
15 clutter. These signal envelopes are recon-
structed by feeding .the vidéo: pulses. at the
- outputs of the respective phas¢-sensitive de-
- tectors. 22,:.23 .and .24 ‘to -the associated
boxcar :circuits 25, 26 and 27 which func-

20 tion in a manner to stretch. the video pulses

froin:.one repetition period:to the next.

, The_.boxcar " circuit clamps the  potential
ot‘ a. storage element, such as 'a. capacitor
to .the. video..pulse” amplitude each . time

25 the. pulse is. received.:Between pulses,  the
storage element -maintains. the. potential .of
the: preceding. pulse . -and -is .altered only
' whena;new. video.:pulse is produced whose

: amphtude differs from that of thé: prévious

30 one. The figure shows that: through liné 33
a range. gaté: pulse is applied to the boxcar
circuits - for - selecting. - given’ video signal.
? The. range gate! pulses are ‘produced by the
gate pulse generator. 3, which forms part

35 of an autonjatic range. trackmg :circuit. This
circuit is.not.shown in the figire and will
‘pot, be. further. discussed; since the:range
* tracking facility will ‘be within. the com-
pass of those skilled in the.art. . = -

.The ; output - signal. of - each one- of the
boxcar circuits may ‘beé represented’ by the
stepped carve of Fig.:3. This output . signal

_is,.in .effect, ‘a reconstruction .of the en-
velope . of : the -modulatéd. pulses. Besides
45 furmshmg ‘a. laige "audio. amphﬁcatxon, the
boxcar circuits have a filter.action. causing

a substantial suppressron of the pulse repeti-
tion frequency and its harmonics. As shown,
the output of each one of the boxcar cir-

50 cuits is applied t6 an associated ome of
the Doppler filters 28, 29 and 30. These
Doppler. filters :act as a smoothing device
for the. desxred envelope or Doppler -signal.

- With a view to the variations of the Doppler

SS srgnal frequeiicy emanating. from changes in
radial velocity of the. target -being tracked,
the pass-band of these Doppler filters is
chosen to be relat1vely wide, for example,
half the pulse repetition frequency. - .

60 In order to determine the angular “SITOT
signals the output signals of -the Doppler -

, » filters 28, 29 and 30 are applied- through
* Tow-frequency , linear, amplifiers. 34, 35. and
36 to i - feans 18, In,thé

to the efro
65 error de:“' ting me,ans the ‘output signals

operate on: the applied. signals. to produce
the. “desired - angular ‘error .sighals; 'phase-
sensitive: detecior:37 prodicing the: azimuth. 80
error signal, the- magmtude and srgn of
whlch are determined by: .

- ®+d ®+®

T (a+b+c+d) 85

whilst phase-sensmve detector 38 produces

the elevation. -error- signal, :the ‘magnitude

and srgn of whrch are determmed by
: (a+b)-(c+d)

~(@+btctd) . -

It may be observed that’ the amphtude\
of the . envelope signal: at :the outputs- of
the Doppler filters may vary: due to the
action of the automatic gain cornitrol ‘system 93
as included: in -the LF.: sfages: of the. re-
ceiver for normalizing the LF. signals. Such
variations of ‘the envelope signals must, of
course, be avoided, since ‘they have a direct
effect on the gradient of the angular error 100
signals. . Therefore, as ‘a. further expedient,
the low-frequency linear amplifiers 34, 35
and 36:are provided with an automatic gain
control. system 39, which" is connected to
the output of the low-t'requency linear 10%
amplifier 34..

Jn . view. of the’ posmble occurrence ! of
the so-called “blind speeds”, a phenomenon
inherent to. Doppler signal: ‘detection, -the
systém. is- further. provided with“a PRF ({0
selection circhit 40, which, in response to
the audio-frequency output: of linear ampli-
fier 35 produces an output.signal which
controls the synchromzmg pulse generator - .
2 to effect a change in PRF any time the 115
Doppler frequency approachés a value cor-
responding to a target blind speed.

. Instead: of using phase-sensitive. detectors
22 23 and 24, .mixing . stages - and - filters
may be . employed for. filtering Out the de- 126
sired single-sideband signals. .

Apart from this modification. the apphca-
tlon of the teaching of the invention is not
at 4il restricted to the amplitude-comparison
method of monopulse tadar. By those skilled 125

90

.in the " art it Will -be understood, that these

measures. may. also. be: applied to other
known forms of monopulse tracking radar;
for example those based .on phase com-
parison or amplrtude-phase comparison, and 130 -



in accordance with the target de- 5. A nonopul se radar

appara.'us as viation. fromsaid bore sight axis, said I.F. clainmed in
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descri be(ie €cho signals, wherein  signals by using an error detector to whi

20) said error signal is derived from audio- the two audio-frequency signals are apphed
frequency signals obtained by coherent de- as input signals.
tection of said intermediate-frequency 6. A monopulse radar apparatus as
signals, the frequency of said audio signals claimed in claim 5, wherein said error de-
corresponding to the Doppler frequency tector comprises a phase-sensitive detector 65

25 shift of the echo signals due to the radial and to which the relevant audio-frequency
velocity of the target relative to the radar signals are applied through low-frequency

apparatus. linear amplifiers, whereby one of said
2. A monopulse radar apparatus as applied audio-frequency signals operates as
claimed in claim 1, wherein the separate a reference signal. 70

30 mtermedxate-irequency outputs of the re- 7. A monopulse radar apparatus sub-
ceiver are each connected to an associated stantially as herein described with reference
Doppler signal detector, in which the rele- to and as illustrated in Fig. 1 of the accom-
vant LF. output signal of the receiver is panying drawings.
subjected to said coherent detection with
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comprising a transmitter for emi pulses
of micr¢ wave energy, a receiver for the
reception of echo signals in at least two
recelving patterns located symmetrically
10 with respect to the bore sight axis and for
each angle ¢o-ordinate a tracking circuit
controlled by an error signal, the mag-
nitude and the sign of which depend upon
the amplitude and/or phase relationship of
at least two intermediate-frequency signals,
varying:in accordance with the target de-
viation . from said bore sight axis, said LF.
signals' being produced by the receiver in
respo:;iﬁom the received echo signals, wherein
said efror signal is derived from audio-
frequency signals obtained by coherent de-
tection, of said intermediate-frequency
signals, the frequency of said audio signals
corresponding to the Doppler frequency
shift of the echo signals due to the radial
velocity of the target relative to the radar
appardtus. -

2. ‘A monopulse radar apparatus as
claimed in claim 1, wherein the separate
intermediate-frequency outputs of the re-
ceiver are each connected to an associated
Doppler signal detector, in which the rele-
vant LF, output signal of the receiver is
subjected to said coherent detection with
the use of a reference signal which is a
true replica of the fransmitter frequency
transformed to the intermediate-frequency,
whereby the Doppler signals produced by
the movement of the target and super-
40 imposed on the LF. signals are obtained
with ‘true phase and amplitude,.

.

25

30

atama; ,c'alialqmckim?fcdm%it@ etsrrag'hitle t@btc%ivmd,n signal of the re-

eiver and said reference signal are applied,

a boxcar detector for stretching the output
pulses of the phase-sensitive detector and
connected to the boxcar detector output 50
a Doppler filter providing the audio-
frequency output signal.

4. A monopulse radar apparatus as
claimed in claim 3, wherein said Doppler
filter bas a bandwidth in the order of mag- 55
nitude of half the pulse repetition frequency.

5. A monopulse radar apparatus as
claimed in claim 1, wherein said error signal
is derived from said audio-frequency
signals by using an error detector to which 60
the two audio-frequency signals are applied

as input signals.

6. A monopulse radar apparatus as
claimed in claim 5, wherein said error de-
tector comprises a phase-sensitive detector 65
and to which the relevant audio-frequency
signals are applied through low-frequency
linear amplifiers, whereby one of said
applied audio-frequency signals operates as
a reference signal. 70

7. A monopulse radar apparatus sub-
stantially as herein described with reference
to and as illustrated in Fig. 1 of the accom-
panying drawings. :

TREGEAR, THIEMANN & BLEACH,
Chartered Patent Agents,
Melbourne House,
Aldwych, -
London, W.C2.
Agents for the Applicants. '
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