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RADMR JEQUI PMENT This invention,relates to radar equi pnent. Radar equi pnent -
used”@n boats conmonly includes 5 a scanning unit located at’ a hi gh point
on e boat for sending out and receiving. radar pulses, and a display unit

| ocated within the boat, on which the operator is presented with a display
of the radar field of view, and which incorporates various controls 10 by
means -of which the operator can nodify operations occurring in the scanning
unit. These controls will typically generate control signals to control in
t he scanner unit functions such as the timng of the-trans- m ssion of
radar pul ses, the length of the pul et 7and 15 the tuning of the radar
pul se receiver located in the scanning unit. -Also, the gain of the receiver
may be controlled, and,a sea clutter signal may be sent to the scanning

unit, this bein ' | whose function will be described in detail bel ow.
20 . Rﬁﬁﬁ%%ﬁﬁbfﬁéﬁﬁﬁnation signals need to be transmtted fromthe

scanner unit to the display unit, including for exanple a video signal
derived fromthe received radar echo, and signals indicative of the angular

Do o5 o1 e, L A5 WP SO Sadmens, 11 has been
Radar equipment used on boats commonly includes. .
5 a scanning unit located at a high point on Ehe boat
for sending out and receiving radar pulses, and a
display unit located within the boat, on which the
operator is presented with a display of the radar
field of viéw, and whiéh incorporates various contfols
10 by means of which the operator can modify operations
occurring in the scanning unit. These controls will
typically generate control signals to control in the
scannef unit funciiong.éuch as the timing of the trans-
mission 6f rédar pulses, the length of the pulses, and
15 the tuniﬁg of the radar pulse receiver located in the
scanning,ﬁnit. Also, the gain of the receiver may'be
conirolled, and a sea clutter signél may be sent to the
scanning unit, this being a signal whose function wil;
be described in detail below.
20 Further, information signals-ﬁeed to be transmitted
from the scanner unit to the display unit, including
for example a video signal derived from the received radar
echo, and signals indicative of the angﬁlar position of

the radar scanner, which is rotatable.

25 It has been usual to transmit these signals by means



of a nujti-eored conductor extending fromthe display unit to the vicini Ay
of the scanning unit, at which point nmultiple slip rings have been /6 _

enpl oyed to transfer the signals fromthe stationary conductors to the
appropriate circuits within the rotatable scanning unit. In radar for smnal
boats, It is inportant that the cost be kept as | ow as possible so as to
w dén the availability of the equipnent to users. It is also 10
| rtant that the equipnent be reliable. The multi- cored conductors have
heeded in the past.to have as many as.twel ve individual .conductors and a
correspond- ing nunber of slip rings have been enployed.  The conductors, -
are relatively expensive and the chance of & 15 fault occurring due to .
poor contact is proportionate to the nunber of slip rings enployed. The
present invention seeks to reduce the cost of radar equipnent, .particularly
equi pnent suitable for small boats, and to inprove its reliability. 20
In accordance w thofha mal¢dt-coned radductqnri pxtenddagpfireas thediddippagayuni't
and a. scanning unit which are adapted for |ocation remotely from and
i ndependent |y of eushtotlerthendviecinitinkes tbgetseanriyngamnifsul ateyghich
electrical cable which includes several conductive cores; .the scanning -
unit having a rotaPabnk pawitiplen slip rings have been employed to
| transfer the signals from the stationary conductors to
5 the appropriate circuits wiﬁhin thé fdtatéble scanning'
unit. | | | |
In radar for small boats, it is important that the
cost be kept as low as possible so as to widen the
availability of the équipment to useﬁs. It is also
10 important that the equipment be reliable. ' The multi-
' cored conductors'have needed in the'past'to have as
many as twelve individual conductors and a correspond;
ihg number of slip rings haVe_ been emploYed. The
cénductors'are belativeiy expensive and the chance of a
15 .faulﬁ.occurfing due to podr coﬁtact is proportibnate to
the number of slip rings'employed;._ -
_ The present invention seeks to reduce the cost of
' radar equipment, particulariy éqnipméﬁt_suitabie for
small boats, and to improve its reliability.
20 | ~In accordance with the invention a radar equipment
comprises a display unit and a scanning unit which are
adapted for location remotely from and independently of

each other and are linkéd together by an_insulated
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circuitry

Lncl udes -an antenna arrangenent, radar pul sé devel op- nment circu
pled to the antenna arrangenent -to 5 enabl e transm-.ssion

0
ses, and receiver circuitry also coupled to the antenna arr
gr receiving returned radar pulses; the pulse devel opnent and

bei ng coupled to conductive cores of the cable by-

rotation-acconmodati ng connect-. 10  ing neans, and wherein at |
of the conductive cores carry d.c. signals generated in the disp

and effect

paraneters

superi npos

ive to control, in accordance with their d.c. |evels,
of the pul se developnment and/or receiver circuitry an
ed upon one or 15 nnre'oB said d.c. - signals, pulse

Itry

of radar
angenent
recei ver

east some
| ay unit
vari able
d,

signal s

whi ch require transni ssian between the display unit -and the scanning unit.

It shoul d
superinpbs
enbodi nent

be appreciated that it is in accordance wi t h t+he inven

appr eci 2 _
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tion to
ticular

super i Npos &g Qs A tHe FcAnhAngUunt Wakiinghe a»e«eercusiet pakpowRienal , the
- scanni ng unit ot or ‘position signal and a signal indicative of t

't he boat,
conductor

10

dmeludes e dnfpedme aSrgawdemerie, srpéar npakse develépr
signals for controlling the gain of the receiver and
ment circuitry coupled to the antenna arrangement to

enable transnission of radar pulses,' and receiver

.

N

he head of

t her

circuitry'also coupled to the antenna arrangement‘for-

receiving returned'radar'pulses; the pulse development-

and receiver circuitry being coupled to conductive
cores of the cable by rotation—accommodating connect-
ing means, and wherein at least some of the conductive

cores carry d.c. signals generated in the display unit

and effective to control, in accordance with their d.c.

levels, variable parameters of the pulse development

"and/or receiver circuitry and, superimposed upon one or

15

20

more of said d.c. signals, pulse signals which require
transmission between-the display unit and the scanning
unit. '

It should ‘be appreciated that it is in aecordance

with the inventlon to superimpose 31gnals in various

combinations but,_in the particular emhodiment which

will
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introduci ng'the sea clutter feature, the former being a d.c. signal and th¢ )
| atter being a brief or pulse signal, are superinposed on a further /
®onductor, and 10 signals for initiating a radar pul se and for controlling™
the timng of certain-events in the scanning unit are superinposed on a '
further conductor, these again being in one case a pulse signal and in the
other a d.c. signal. 15 The savings in cost which may be achieved

—by“Yhe use of the invention are significant.. In order that the invention
may be nore clearly understood.a preferred enbodi nent thereof will now be
descri bed, by way of exanple, with reference to the 20 acconpanying
di agrammati ¢ draw ngs. -5- I n the acconpanyi ng draw ngs, which are-
di agramma- tic: Figure 1'shows the conponents which are |gcated in the

di spl ay unitPeSQes ri§ed ﬁpﬁuﬁylﬁe§h8W§théi@§ﬁﬂoﬁénﬁgPﬁﬁﬁEﬁ?éﬁé | ocat ed
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indicative of the head of the boat, also being a '

5 pulse signal, are superimposéd on a further conductor,
signals fof.controlling the gain of the'recéivef and-'.
introducing the sea cluﬁter feature, the former beihg
a d.c. signal and the latter béihg a brief or pﬁlse : ¢
'signal, are superimposed on a furthef_conduétor, and -

10 signals for initiating é radar pulse and for ¢ontro1ling
the timing of certain events in the'scanning_unit are
superimposed oﬁ_a further conductor, these again'being
in one case a pulse signal and in the other a d.c.
signal. | | |

15 | The savings in cost which may be achieved by
the use of the_invention are siénificant.

In order that the invention may bé more élearly.
understood a preferred émbodimenﬁ thergof wiii now*.'.
be descfibéd, by waj of'e#ample, with referehce to the

20 accompanying diagrammatic drawings.



a e sane reference 'letters being used to indicate where the wayeforns
_o Qq_ inthe circuitry of Figures 1 and 2,. and Figure 4 shows in nore’ .
alA the circuitry which 15 is used for storing the energy required to %

f|re the magnetron, and for firing the magnetron, as nore, generally

illustrated in Figure 2. CGENERAL DESCRI PTI ON Before referring to the

structure and operation 20 of the gizcuitry in any detail, the general

~principles involved wll first be briefly described with reference to —
Figures. 1 and 2 so as-to assist in an understanding of the detailed . bl

explanation that will follow The radar operates continually in repeated :

cycles, 25 atnlORE QbcBR ensfmlgeare&%geqcchh Alrd I RpHHE-Ng Of -6-

each cycle a very brief (fTor -exanple,' between 100 nano- seconds (ns) and 1-

m cr ostex®nd. (Ps)) pul se of very hi gh frequency energy (for exanple at about.

9450 MHz) is . generated by a magnetron 2 (see Figure 2) and this pulse 5

of energy.is Ei@mse1lteHOWBOMheheomp@memmEtthcseekeouo@huéd21scanner

generally indicated at" 4. The transnmitted pulse is reflected from any

obj ectin ithehdisplay nndtpath and the reflected pul se or pul'ses, which may

be referred to as echoes, are received at- the receiving section 4b of

5 Figure 2 shows the components which are 1ocated

within the scanning unit, the components in Figure 2 being
linked to those in Figure 1 by conductors as indicated,
| . FiguredB'is a“timing diagram showing the various |
waveforms that occur in various.parts-of the circuitry,
10 these being identified by reference letters in the Figure,
| and the same reference'letters.being'used to indicate
where the'waveforms occur in the circuitry of Figures-1
~and 2, and
| Figure.4 shows in more detail the circuitry which
15 is used for'storing the energy required to fire the
'magnetron, and for firing the magnetron, as more generally

111ustrated in Figure 2

GENERAL DESCRIPTION

Before referring to the structure and’opefation_

20 .of'the'circuitry in any detail,.the general'principles.
.involved will first be briefly deécribed with reference to
Figures'l and:2:so as to assist in an understanding of
the detailed'explanation that will follow. -

The radar operates continually in repeated cycles,.

25 at 1000 or more cycles each second. At the beginning of
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10 the,scanner 4. A receiver, general'ly indicated at 6, converts the
received very high frequency echo pul se to a denodul ated vi deo signal whic
i applied to the video input of a cathode ray tube (CRT) 8 which is shown
in Figure 1. 15 . The beam of the cathode ray tube scans fromits
centre out to its periphery, the scan being commenced at the nonent when
the pulse is transmtted fromthe scanner._Tge_video signal fromthe
~Leg®ived echo bright- ens the scanning spot when it has travelled a
di stance 20 proportional to the distance of .the object which caused the
echo. Consequently, as the spot makes a single sweep radially away from
the centre ogakheclydi@ (RGRrPHENE £ POESE SeRahple OMbéPRe8hSPbBY ndhotadi a
di stances. proportidon- al to the di-stances away fromthe scanner 4 of any
objects 25 whicohdaasoausfdl EGiD@SoSdcdnE s P) n%hlééaﬂﬁmrék$dhigh' -
pul se to be returned to the receiving section of the scanner. The scanner 4
i s directi onflreqaetcyoraratiant (Sornaxamsiei sticabdtitnsasot ezpulse will only
produce echoes 5 from objects which lie along the bearing on which that
pul se was trgeserated byl ra srapetoni2 alseonFijeré a2k ahdt tki&Rpudsaen
I ndi cation of the features which lie in all directions .around the scanner
4, the sBannef epergy is transmitted from the transmitting section

4a of a scanner génefally indicated at 4. The transmitted
pulse ié reflected from any objects which lie in its path
and the reflected pulse"Or pulses; which may be referred
to as echoes, are received at the :éceivihg sectionl4b'of
iO the scanner 4.

| A receiver, Qeneraliy indicated at 6, converts the

- received very high frequency echo pulse to a demodulated
video signal which is applied.tp-the video input of a
cathode ray tube (CRT) 8'which'is shown in Figure 1.

15 ' The beam of the caﬁhode ray tube scans from its.
centre out'to its periphery, the scan being commenced
at the moment when the pulse'is_transmittéd from the
_séanner. The video signal from the received echo bright-
ens the scanning spot when it has travelled.a distance

20 proportional to the distance of the object which caused
the echo. Conséquently, hs £h§~spbt makes a single sweep
.radially-away from the centre of the tube face, brighf
points-oc&ur on the displéj at'radial distances proportion-
al to the disfances'away'ffém the scanner.4 6f any objects

25 which have caused echoes of the.ofiginal transmitted
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- continually rotated by neans of.a nmotor ML (Figure 2) 10 and at the sane
ti ‘the scanning coils 10 (Figure 1) of the CRT 8 are rot.ated around fhe .
ﬁ;'s of the CRT by neans. of a further notor M2, the nechani-cal |ink between
coils .and .notor M2 being shown by a broken line 12. ,The rotation of the

tors is kept in synchronismso that_ 15 whenever .a pul se is being -
transmtted.in one particular direction the CRT spot is always travelling
in a correspond- ing angular direction on the face of the CRT. As the -
scanner .rotates, each' successive pul.se is transmtted in a slightly T
different angular ‘direction and the angular 20 position of successive. .
scanpudset ko CRT xetwemedstei bthearegeimingmeecédondod tthet he synchroni sm of
the two notors. The scanner and the CRT coils rotate of the order of once
per Seeonex.t he. notors being geared down as necessary to achieve thisi and:
- the phosphor —on the CRT screen persists 25 in luninescence for at |east
this long, &€ ERanne¥ht tyedirecgionallappé gsomsgauwentdly bright spots
appearing on each of the angul arly_increpented sequence of scans on the
t ube 3P @nEgviRdR Tl rarenhteed  gubeet Wil lagBLYr PEPE¥CEN§h@SS5ur es whi ch
' surround the scannes.. 5 = 'Fﬁr |1y, it is required for the CRT -
Scr e &R O 3§§3F5' '-%&ﬂ%??oaéﬂﬂﬂl %pgﬁ?¥6ﬂﬁdpﬁgwgﬁg a¥ fferent scales..
For %éig%l%asﬁﬁ¥%%éﬁg%é§ﬁlngIﬁnoégg%r£8tggtain_qn the face
~of the CRT 8 an indiéatibn of the features which lie in
all directions around the scanner 4, the scanner is
continually rotated by méans:of.a motor Ml (Figure 2)
10 and at the same time the scanning.coils 10 (Figurell)
of the CRT 8 are rotated around ﬁhe axis of the CRT by
means of a further motor M2, the mechaniCal link between
the coils and motor M2 béing shown by a broken line 12.. .
The rotation of the motors is kept in synchronism so that
15 whenever a pulse is being transmitted ih one particular
direction the CRT spot is always travelling in a correspond-
ing angular direction on the face of the CRT. As the
scanner rotates, éach'suécessive'pulsé_iéltransmitted-in
a slightly different angular direction and the angular-
20 position of successive_scans on the CRT screen is similarly
incremented, due to the synchronism of the two motors.
The scanner and the CRT coils rotate of the order of once
per second (the motors being geared down as necessary to
achieve this) and the phosphor on the CRT screen pefsists

25 in luminescence for at least this ldng, so that to the eye
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conditigns, such as entering a harbour, it may be desirable for the whole
CRT screen area to show the surrounding area 10 out to only half a mle
-redi us, whereas fn open sea it nay be desirable for the' screen to show the
area out to, for exanple, 16 mles radius. In order to achieve such

di fferent ranges, the speed at which the CRT spot scans may be changed. It
wi |l be evident that the faster the 15 spoty scans fromthe screen centre
_ta-the screen periphery, then the closer to“the scanner will be any obj ect
whese i nmage appears on the screen at its periphery i.e. the whole screen
area will be occupied by imges fromw thin a relatively shorter range
around the scanner. Conversely, 20 if the beam spot is nade to scan nore

oWy, i o
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of an area ex¢ eyl n&m%@iaf‘lgrfﬁcféméﬁega ééﬁﬁgﬁcteh%fl Q‘:Qﬁrn'so'olpftﬁé’e

scanner. A portion O iI-rcult 25 in'Figure 1 which is enployed to
vary the ratd £ £6rm a- aompleeeGBIcftas-e OfS thRN @8- deFliet gy at
13. At short range,' it.is desirable for the pulses transmtted fromthe

magnet ron t Edturdy Wieh Peepoardother seaanelkere will be substantial |oss
of definition 5 . on the CRT display, since a |long received echo woul d
extend &ver a substNmtmallyadial idi sequieednfbhrether ¥RT screen
dlsplay to be able to show the surrounding area on different
scales. For example, when navigating in restricted
conditions; such as entering a harbour, it may be desirable
for the whole CRT screen area to show the surrounding area

10 out to only half a mile radius, whereas in open sea it
may be desirable for'thefscreen to show the area out_to;_
for example, 16 milesnradius:. In order to achieve such
different ranges, the speed at which the CRT spot scans
may be changed; It wiil be evident that the faster the

15 spot scans from the'screenhcentre to the screen periphery, |
then the closer to the scanner will-be any ‘object whose
~ image appears on the screen at its periphery i.e. the whole
screen area will be occupled by images from within a
relatively shorter range around the scanner. Conversely,

20 if the beam spot is made to scan more slowly,_images |
appearing around the screen perlphery will be from relatlvely
more distant objects and the screen will be displaying an
1mage of an area extending for a greater range around '
the'locationfof the scanner. A portion of the circuitry

25 in Figure 1 which is-employed to vary the rate of scan on



as -aning scanni ng spot.- At |onger ranges, |onger pulses are desirable
toLgr oduce ' a | arge enough bright spot with the spot travelling nmore °
\sl"oW y, and it is further 10 advantageous to use |onger pul ses at |onger
‘Napges to increase the nmean energy receivable in the echoés, which tend to
be far . weaker from distant objects than they are from near objects The
circuitry of Figures 1 and 2 contaigns. conponents which vary the width of
the transmtted 15 pulse such as to.match the range, or spot scanning .
speed, currently being used at the CRT. -To enable the user of -the radar to
estlnate the di stance of an -object represented by an inage on the screen,

I s .commonl |red for &he sgreen to 20  continually display a

pI ur dhe CRF g"i“ﬁﬁs gofeBRrALdYafBdicated @t 13- and equal |y spaced. .
Circuitry f&g produ t hese,ri.ng ht t he scanni ng spot at
L e v CEBREE, PRpR0S Tl ad %Frgdwﬁah}% s%%éﬁ’ecé?ﬂ]r%% X
-?ggﬁqgigdegl é ED H % y % A further facilit So?ﬁQF[? Y
requi reunﬁnsltt%o ca?’lI':\ g és’é‘aglc‘ﬁﬁtr?gr % 5’& ro1Y ﬁbh qb %%sa%her at sea,
Lhe SRV EhORE Lial "BesCapREh GAUIe PN Blings and 11 ¢
~results 1'nan area I me surroun e screen centre bei ng

®oNt idhialyey éﬁTQ@ispwyChsiﬁcaoﬁmibh)ﬁ‘ 'r'eq',‘ae?r.\fe%ﬂeecho Toodiipi d this, the gain

- extend over a substantial radial dlstance on the very

fast—moving scanning spot; At longer ranges, longer pulses
are desirable to produce a large enough brlght spot w1th
the spot travelling more slowly, and it is further .
10 advantageous to use 1onger pulses at longer ranges to
increase the mean energy recelvable in the -echoes, wh1ch
tend to be far weaker from distant objects than they are
from near obJects. The circultry of Flgures 1 and 2
contains components which vary the w1dth of the transmltted
15 pulse such as to. match the range, or spot scannlng speed,_
currently belng used at the CRT. |
To enable the user of the radar to estlmate the
distance of an object: represented hy an image on the
screen, it is commonly required for the screen to
20 continualiy display a plurality of rings concentric about
'its centre, and equally Spaced, Circuitry'for.producing
these rings by brightening the_scanning spot at equal
intervais as it.trauels,away from the screen'centre is

generally'inaieated at 14 in Figurell.



&
of the recetver circuitry is substantially reduced during the initial (.

gortion of each sweep so that ‘the screen centre area is reduced in -

ntensity. The portion of .the 10 <circuitry for achieving this is

generally indicated at 15 in Figure 1. A detailed description of the

circuitry and its operation nom/fol|omsu_RﬁPAB'PULSE TRANSM SSI ON. 15 _

A pul se repetition frequency generator 16 generates a square wave signal at
—aTxed frequency of 4000 Hz. = The signal is shown at- Ain Figure 3. This

is applied to a divider 18 having outputs at which frequencies of 4000 Hz,

2000 Hz, 1000 Hz and 500 Hz 20 are delivered, see waveforns ' A, B, C and D

i response genor at Bs TR cEacrLERE) nEETRIAT, FRERIERA 39 dh tension
Chr e 20 "BESR TR D0 iy KGN 281 S0 B0, 5B Yo WR APy o0 @
sonals A Boand GEaate o9 ShLianinenibal sy dddler 10 by means
ool ected by TaagerhiTel detidad Raa 00 £ Ee s AN A AaEA Ay
| ongest §wo LRPP8Ending the screen centre being continually bright,

which is ;ormaliy undesirabie: To avoid this, the gain

of the receiver circuitry is substantiaily reduced during

‘the iﬁitial'portion-of each sweep so that the screeﬁ

éentré area is.reduced in intensity. The portion qf'thé

10 qiréuitry-for achieving'this is-géperaily iﬁdicated at
15 iq Figure 1: | _.' |
A detailed description of the éircuitry énd_ )
its operation now follows.. |

-

" RADAR PULSE TRANSMISSION -

15 A pulse repetition frequency'generator 16
generates é square wave signal at a fixed frequency of
4000 Hz. The signal is shéwn_at A in Figure 3. This
is applied to.é divider 18 having outputs_at which
 frequencies of 4000 Hz, 2000 Hz, 1000 Hz and 500 Hz
20 are delivered, see waveforms A; B, C and D in Figure 3.
Signal D at 500 Hz is applied to a,monoStéble circuit 19
which ih_response-generétes'pulses E for.appligation to an
extra high tension. circuit 20 Which may be of knowh design
-an§ which vfé'liné.zz applies a voltage.of severél kilovolts

_25 ﬁo the anode of CRT.8.
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fivalN able, 8 mles and 16 mles - see under "Range Changi ng" bel ow).
(Hlghout the circuitry there are further range switch sections 24b, 24c

44d and "all 10 these sections are ganged together so that when the
rang€ switch is operated 'sinultaneous changes are nmade at, various points in
the circuit so-as to adapt it for~obkration at different ranges. They are
shown set for the 8 mle range. 15 The | eadi ng edge of signal C -
causes a nonostable circuit 25 to generate-a trigger pulse F which is N —
delivered on a line 26 to a three [err}second delay circuit 28. The . S
purpose of the delay will bé explained later. After that delay, circuit 28

~delivers a signal R having a 20 rising edge which when applied to a
magnet ron puhfg wndt b wieLE A fiBcand 80csAUBESshlekbegenerate a firing
putse S whose length is adjustable in a manner which will be described

bel owfromhehéi butputsl of Aiiveidapl 1 8dby am@anyi bEhangaggecuit 32 which

di scharges a capacitor 34 25 which has previously been charged to
approswirhtch| gegbl@onol2da. It i1l (hdecassumed forwbhehpubpeseharging is
acconplished will be described later) through the primary w nding of a

pul seofr thef EpAdprwing erplanahisys thablitgbsi sighalr@gatn of 2 kilovolts.
to be induced.-in the secondary 'of 5.. pulse transformer 36, which voltage -

'$s apPPPcHzawhésh dgebeing selected by range switch section

24a (this would be appropriate for thé_ibngeét two ranges

available, 8 miles and 16 miles —'see'under "Range
Changing" below).. Throughddﬁ the circuitry there are

further range switch sections 24b, 24c and 244 and all

10 these sections are ganged together so that when the range

switch is operated simultaneous'changes.are'madé'at

various points in the circuit so as to adapt it for

operation at different ianges. They aré shown set for the

8 mile range.

15 The leading edge bf“signél C causes a monoSﬁable

circuit 25 tofgenerate a trigger pulse F which is delivered 

on a line 26 to a three ﬁsecoud delay circuit 28. The
purpose of the delay will be explained léter. After

that delay, circuit 28 delivers a signal R having a

20, rising edge which when applied to a magnetron pulse width

monostable circﬁit 30 causes it to generate a firing pulse

S whose length is adjﬁstable in a manner'which*wiil be
described below. The firiné-pulSé'S is applied to a

| sWitching circuit 32 which discharges a capacitor 34

25 which has previously been charged to approximately 300 volts
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magnetron 2."'which emts a very brief. pulse Wof energy at 9450 MHz, or W
t her eabouts, for transmission by the transmitting section 4a of scanner 4. .
®he length of the pulse transmtted is variable by the above-nentioned .10
adj ustment of the length of the firing pulse S applied to the sw tching
circuit 32. A 30 second delay circuit 37 prevents transm ssion of the _
trikgger pul se during 30 seconds after the circuit is first switched on, to
eQsure that magnetron 2 has 15 warmed up before firing pulses are first
‘appli-ed to iit. CRT SCAN The spot on CRT § ghould start its scan fromthe
centre at the instant when the pulse is transmtted fromscanner 4. An
adj ust rent whi ch enables this to be 20 -achieved in a manner which wll
becone appar ¢tlhe manneevidewhivrhmedis chargifqiyi<idcaonp Bshédseitel ay is
‘adj ust abl e between- about. 1.5 mcroseconds and 4.5 nmicro- seconds. The
| eadi ng edgebefddffpibedplhter) &hmiogperh fuhEnpeimaryiwvindingof vavef orm Q
and is applied to a 25 range period generator 40 and to a scan coil driver
circuit - -pubse HYpansfhrmeradées (Thds mapsqrerd obljorge atrorth® to start
produci ng an output waveform O _at .a preset frequency and causes the_scan
coil driver ¥egtentofo2ikidpypd tsr deudiendrnduged dpdiioserpndaxia®Ef orm
Hy, This ' ' :
5

pulse transformer 36, which voltage is applied across the
.magnetroan'which'emits a very brief pulse W of.energyl
at 9450 Mﬁz, or théfe&bduf#)ifor transmission by the
trénsmittihg-sectiOn 4a of scanner 4, The-lehgth'of
the pulsé transmitted is variable by the abové-ment@onéd
.10 adjustment of the léhgth:of the firing pulse S applied
to the switching circuit 32. |
| A 30 second delay circuit 37 preVents'traﬁsmission
‘of the trigger pulse dﬁtihg 30 seconds after the circuit
is first swktched.on, to ensure'that magnetron 2 has
‘15 -warmed-up beforé firing.pﬁlses are'firsi applied to it.
CRT SCAN | _
| The spot on CRT 8 shduld.start its scan from the
cenéré at'thé inéfant when the pulse ié'ﬁransmitted
from scanner 4. An adjustment which'enables this to be
20 achieved in a mahhér which”wi11 become apparent, is
.piovided'By means of a deIéyICifcuit 38 whose.delay is
_ adjustable'betweénjgbout 1;5 microseconds and 4.5 miéro-'
éeconds;"The'leading édge of'1000 Hz-pﬁlsé C emerges
from dela& c1}5ﬁ1t338'(ﬁa§ef6rm.s) and is apéliéa to a
25 Trange éeriod génerator 40 and to a scan coil driver circuit



s a constant voltage pul se (derived froma power supply 110 via
gction x-x) and is applied through an inductive scan speed control
it 44 to the scanning coils 10, which results in a linearly rising
Fent (waveform Q through the scan coils so as to produce |inear

defl ection of the CRT beam 10 Circuit 44 conprises different inductance

val ues which are selected automatically, through |inkage of the circuit
"with the range switch, such that the total inductance of circuit 44 and'thasﬁ

scanning coils 10 results in the gradient of this ranp signal and the I

consequent speed of the 15 scannmi 23 spot on the tube face being appropriate

to the range setting currently in use. Fromthe.above, it wll be evident
that the spot begins.to scan fromthe CRT centre coincident with the
~leadi ng edge, of waveform G Since the_timng of the | eading edge of

waveftfm IS | AURATISERSI| EaRge BPTiPAudenetater a0 ¢k citE8s, the o
commencement of beam scan canbe q@de coincidegtfmﬁth transm ssion of radar
pul sPRRAUGIRDE T | BAERYE (FRVEFED Q £Br 71 RTRFRYTHRIIEREE W enabl es -
adi usiPlyfle SR dcal B01L0BLYvLR EFLELEY RYle8lspalp advance, (he
timng of D p

eam scan Initratiron relative To radar pulSe transm ssSion

-14- AN RlieTa BYadle HOFESEEY15E QuRPEESEH! B, i PBASL! ation to conpensate
for unpredictable timng errors caused by -conponent variations, and

¥ari ald Nscdribditt | Wkdgeiphilise (derived from a power supply
110 ﬁia'cOnneqtion x-g) and is applied through.an inductive
scan speed control.ciréuit 44 to fﬁe sﬁanhing COilé:iO, which
results in é linearly ri$ing cu:feﬁt (Waﬁefqrm Q)lthrough the
scan coilg_so as.to_pIOduce.lihear deflectién'of £he CRT beam.
10 Circuit 44 comprises different indpctance'valués wﬁich are.
selected aﬁ#omatically, throﬁgh linkage of fhe_circuit
with the range switch, such_thaf the'totai inductan?e
of circﬁit 44 and thé scanniﬁg coils 10 résults in the
gradient of this'ramp signal and the'cqnsequent speed of the.
15 séanning spot.on the tube face-béing app:oPriate to the
‘range setting curréntly in use. From the ébové,.it will be
evident that the spot begins to scan from the CRT centre
coincideht with the leading edge of waveform G.
Since the timing of the léading.edge of'angform
20 G is.adjustable by adjustment 6f delgy_ciréuit 38, the
commencement of beam scan can be made coincident with'.
:traﬁsmission.of radar pulse WQ Imposition of the.fixed.
3 pS'delay_o;.pulse.W'enables_adjustment of circuit 38
' not only . to retard, but al#o to advance, the tihing_of -

25 beam scan initiation relative to radar pulse transmission,



&

cabl e connectlng the display unit and.the scanning unit, 5 from one
installation to another. The duration of the CRT beam scan is control led a&
ol l ows. The fixéd frequency pul ses 0 fromrange period generator 40 are
"applied to a divider 46. This has. a plurality of outputs for different
division ratios and 10 the outputs are'sel ectable by nmeans of a range
swist'ch section 24b. The division ratios at the different outputs of .divider
48~<are made such that, in conjunction wth ife predetern1ned frequency of
‘range period generator 40, output pulses fromthe 'different outputs will
be delivered 15 at tinmes (neasured from-the connencenent of the beam scan)

whi ch wil | t hat h
ich will cahaCkq@nid hdd e n ng a¥hiﬁe EE@GﬂthlﬁQEBME%EE oheach

the limt of Its scan when trave erent speeds are

sel ect abl e agoalkbppdnsutd ddehiyro®seapiel Eﬁniﬁ@gér%&-é chadBdat B¢
scanni ng 20 speed control circuit 44. Consequently, the selected output of
divi der 46 debmpehent RdrdGattiondf imdERiry@edoh8eifCEREI DEngPRL olfSthk its
[imt and this Is applied both to the range period generator 40 to

térm nate |teabﬂerabnmedtmng\mhaﬁdis@Iayandlthnaetheaacaﬁnhndrunat,25
circuit 42 "to termnate its constant voltage output pulse H.- t hus
renovi ngscur feom bneminst asldaii oy b@lamoahdrallomﬁng t he scannlng beam to

fIy back to.the centre of the tube.
The duration of the CRT beam scan is controlled

as.follows. The fixed frequency pulses 0 from range
period generator 40_a:e'apn1ied to a_divider 46.  This has
a plurality of outputs for different division ratios and
10 the outputs are selectable hy means of a'range switch
section 24b. The division ratios at the different ontputs
of divider 46 are made such that, in_conjnnction'with_the
predetermined.frequency of range period genetator 40,
ontput pulses from the different outputs will be delivered
.15 at times (measured'from the commencement of the beam scanl
which will coincide_with.the times at which'the scanning
spot will_reach the limit of its scan when travelling
at the difterent'speeds which are selectable as already
explained by means of the range switch and the scannlng
20 speed control circult 44 ; Consequently, the selected
output ofld1v1der.46 dellvers a pulse at the moment when '
- the scanningaspot:is_at:its“limit_andmthis is applied
both to the fange period generatof 40 to terminatelits
operation csee waveform 0) and to the scan coil drlver

25 C1rcuit 42 to terminate its constant voltage output pulse



yng\t he beam scan just descri bed, pulse H S Is also applied to a

) od['up circuit 48 which throughout the scan applies to.the grid of CRT 8
potential -which brings the spot to the verge of visibility on the tube ¥
so that any significant video signal applied to the tube will nake

the spot visible. During the periods 10 between scans of :the spot, the
bright-up circuit 48 keeps the tube beam suppressed so as to avoid the .
possibility of burning the centreldf the CRT screen. The output of the =g
bright-up circuiit 48 is the constant voltage portion of waveform N 15 3

RANGE; Rl s Themb o088 ElPgeneNeLba EEE dbaphadg abigad énaeferred to, are

produced as.follows. Beam.scan pulse H fraom scan coil driver 42 is applied"
to a 4RNERikGNEhEe88aAKDAgSBekili €68 ENFOBEBRUE02Phe LBAtEMN 8Fi ON of pulse H
produces an output signal “X at constant frequency independently of the

ot hertgectib@tors in the circuit. This is applied to divider 52 which
agai n has outputs corresponding to different division ratios which are

i ndivi dual | y Beritngabhe bcameauanoﬁusangessmnbed,Zﬁulseth|on 24c.
Consequently after each predeterm-ned nunmber = -16- of pulses K (the
Sunbeis anlisheapplied thterbsﬁghg‘npneipenibd4BethCBethabhehbytrange smntch

section 24c) a pul se
the scan applies to the grid of CRT 8 a potential which

brings the spot to the verge of visibility'On the tube
face, so that any significant'video signal applied to
the tube will make the spot visible. Iburing the periods
10 between scans of the spot, the bright—up circuit 48. keeps
' the tube beam suppressed so as to avoid the possibility
of burning the centre of the.CRT screen. .fne output'
of the brightfup'circuit'48 is the constant voltage
portion'of waveform N, '

15 RANGE RINGS

The range rings.on the CRTﬁdisplay,'already referred .
to, are produced as follows. | |

Beam scan pulse H from scan coil driver 42
is applied to a range ring generator 50 which throughout

20 the duration of pulse H produces an output signal K at

constant frequencf independently of the other oscillators in
the circuit.' This is applied to divider 52 which again has
outputs corresponding to'different division ratios which
are individually selectable by means Of range sWitch

25 section 2407‘ Consequently-after eachppredeterminedfnumber-



fron1d|V|den 52 is applied to a pip generating circuit 54 which generates a
very bri ef pul se. (waveform M which.is 5 applied to the grid input of
@RT 8. The frequency of ring. generator 50 and division ratios of divider 52
are so arranged that four pip signals fromgenerator 54 will be applied to
the - video input of -CRT 8 at equal intervals. Consequently, since the tube
scan rotates, the display 10 shows four concentric equally spaced rings.
Theg ring positions are the sane irrespecti g af the range being enpl oyed,
si-nce the interval s -between pips are selected to nmatch t-he scanni ng speed
bei ng enpl oyed at the different ranges. 15 SCANNI NG SYNCHRONI SATI ON The
not or ML mhlch rotates the scanner 4 .is fixedly nDunted to an el evated part

Phe canner 3EantiEed B deirb3m g A0 Hehle e URLERLADRO PRuRELT

predeter"‘“eBeEHBBeBelhgr f%gtﬁhnéé é&f%@@aééaiiéﬂréhevsaoﬁulse
c 60 is forned

apertures 62 and dis th a transparent portion or cut-out

64. A light epbh!3R¢ided 38t 6 KL PESENED Ya | 515 Noute 544 tesze!:hz(tas466
for directing light towards disc 58 at the radlal 25 position of the

apertures 62ywhabH gehegiaites |d GRirybEtef pulde - (wsée@rﬁmy)ugm&heis
apertures. - Consequently; the output
5 applied to the grid 1nput of CRT 8. The frequency of ring.
_generator 50_and d1V131on_ratios of d1v1der 52 are so
arranged that four pip Signals'from generator_54 will be
applied to the videc input of CRT 8.at equal intervals.
Consequently, Since the tube scan'rotates, the display
10 shows four concentric equally spaced rings. The ring
p051tions ‘are the same irrespective of the range being
- employed, since the 1ntervals between pips are selected

to match the scanning speed being employed at the different

ranges.

15 SCANNING SYNCHRONISATION - |
| The motor M1 which'rotates.tne scanner 4 is

fixedly mounted to an elevated part of the boat and its
output shaft indicated by the broken line 56 carries the
scanner 4 and two discs 58 and 60. Disc 58 is formed

20 with a predetermined number, for example fifty, of
_transparent portions or apertures 62 and disc 60 is formed
with a transparent portiou or cut-out 64. A light
emitting and detecting assembly is shown schematically
lat 66, for directing 1ight towards disc 58 at the radial

25 pos1tion of the apertures 62, and detecting light which

4o
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ofx\the detecting section of assenbly 66 i,s a train of square pulses as

0y cated at 68 in Figure 2, at a frequency proportional to the speed at

ch.the scanner 5 4 is being rotated, which typically would be about 1
e{/ol ution per second, giving a pul se frequency of 50 pul ses per second if
disc 58 is provided mnth fifty apertures 62. "Disc 60 is so.-orientated on
shaft 56 that its transparent portion or cut-out 64 is aligned with 10 a
light-emtting and detector assembly 69 (SIn1Iar to. assenbly 66) when thewsf
scanner .4 is directed towards the -hedtl {i.e. forwards exactly along the =~
fore-and-aft axis) of the boat. The relative orientation of discs 58 and
.60 is such that the S|ngle brief pulses 70 derived from-15 the detection
‘sect PARSEF sbsomgh e arertures: heCerapavenplysetheheukdsd of the boat

Q

are superlnposed on one of the gulses 68 derived fromthe synchronisation _'

dlsc°§8 heh feteshiing Fegiyirn FSERIY 68 bR R hE2ER ©8 the display -
, ternatiyve const aperfures 62 and 20 cut-out 64 nmay
be |ﬁqgagﬁnQPgﬁﬁﬁu?s/ﬁnQ*ﬁFEﬁé %.gg }%%r%ogb ﬁEdaS|gnaI is applied to-

d h | f | d appl i
 ToESbsdohts, S el 68, SR ER, ARVAEEELIRS Bkt |
gonssqysnf,gxng%oaa@@d 3 &?ﬁwgffytaoafa%s Lbguguyput’ shaft once

ever
revolution per second, glVlng a pulse frequency of 50

Pulses per second if disc 58 is prov1ded with fifty
aéertures 62. Disc 60 is so orientated eh ehaft 56 that
.its transparent portion or cut-out 64 is'aligned.with

10 a.light—emitting and:deteeto:.assembly 69 (Similar tQ:

| assembly 66)_whén.the scanﬁer 4 is directed towards the -

head (i.e. forwards exactly along the fore-anﬁ—aft axis)
of_the boat. .The'relative'orientation of dises 58 and
60 is such that the'singlelbfief pulses 70 derived from

'15_ the detection section of assembly 69 each iime the scahner
passes the head of the boat are euperimposed on one of the
pulses 68 derived from the sfnchrohisetion disc 58f This
combined signal is tfanSmitted oﬁ line 72 to the display
unit. 1In an alternative'construction epertures 62 ahd

20 cut-out 64 may be in. a 51ng1e disc.

At the display unlt, the combined: SLgnal is applled
to a motor drive c1rcuit.74 which ampllfies the recelved_
pﬁlses.and appliee them as'e driving signal to motor |
M2, which is a synchronous motor, _Conseéﬁenﬁly;.motor-MZ,

25 if designed to rotate its oqtput‘shaft'once for'every_

o~



flfty pul ses received, wll rotate the coils 10 at the sane speed as 32
scanner 4 and correspohdence bet ween the positions of the two will be
@naintained. It should be noted that because the heading pul ses 70 coincide
with 5 synchronlsatlon pul ses 68, they do not disturb the synchronisation
“between nmotors M and M2. HEADI NG MARK The conbi ned pul se signal on line 72
i s-further applied to a threshold circuit 76 which passes the 10  headi ng
pllses 70' but not -the synchronisation pU|Sf€ 68. Pul ses 70 are applled from
the threshold circuit. to a heading nark CiTtuit 77. For each pul se, heading
mark circuit 77 generates an output 'signal which lasts as long as two.
radi al sweeps of the CRT spot (at_the |owest sweep rate 15 avail able), and

hi oh is apnki el gt BEsVEdeRsLRAU uah CREvReTHNE: cbisd ih Tl gle ket

l'ine appears o di spl ay |nd|cat|ng thereop t Jang Thi s .
headi ng -mar "s‘%{méhéyéédeé&egéaﬁhﬁg‘ hhsnacee)%&e%%ra%ﬁ& Htw@ritHop centre’

- of the screen. Thi's-inplies that 2 when scanner 4'passes the head of the
boat, the saikm©idss 18 Bhehewd ﬁmhgybénmhmwih@dhe esighcne ko as to
deflect t he scanning beamfromthe CRT screen centre towards the exact top
centre of theoted eewat Bbtause ehbi headihy mEABRs0{70a colinailde’ wiMt ch, when
opened, stops 25 circuit 74 fromdriving notor M. Consequently, if at

5 synchronlsatlon pulses 68, they do not disturb the S

synchronisation between motors M1 and MZ.

HEADING MARK K |
The combined pulse signal oh line 72 is further
appljed to_a'thréshdld:circuit 76 which-passes the -

10 -heading.pulses 70 'but not ehe'Synchfonisation pulses 68.
Pulses 70 are applied from the threshold circuit to a
heading mark circuit 77. For each pulse, heading mark
circuit 77 generates an output'signe} which lasts as long as two
radial sweeps of the CRT spot (at the lowest sQeep rate

15 available),*end which is applied to the video input of
CRT 8. Thus, a solid radial'marker_iine appears on the_.
CRT display indicating theﬁeop'the boat's heading. ' This
heading marker should extend from'the screeh centre to
the exact top centre of the screen. This implies that

20 wheﬁ.scanne: 4'passes_the head of the boat, the scan coils
10 in?the'display unit should be positioned so as to
deflect the scannlng beam from the CRT screen centre
towards the exact top centre of the screen. This is
achieved by means of a switch-75 which, when opened, stops

-25 circuit 74 from ériving mdtor M2, Consequently, if at’



9- the start of operation the scanner .and di spl ay angtes are not :
hed, so that the heading marker is not at top centre, switch 75 can be
ed to briefly stop notor M2 and angularly shift the headi ng marker, - G--
yl 5 it has the correct position on- t he display, at which point the
nner 4 and coils 10 will be in proper angular refationship. BEARI NG MARK.
A further aspect of the display is the provision 10 of a bearing mark,
that is to say a radial line on the screen which can be angularly adjusted\‘f
" by a control at the display unit soj3gs~to be aligned with any feature _
visible on the displlay. This enables, in conjunction with an angul ar index .
provi ded around the tube face, the 15 bearing of such a display feature
rel atitige totare ofi pperacddnngheisicalnner R dil sy tanglescide with the
top of the screen and the. zero position on the angular index) to be read
of f byare mpermébchedrosot ithat thiesbeadlngy enaamdr eis fiomdthe t hreshol d 20
circuit to a bearing mark circuit 78. Bearing mark circuit 78 responds to.
‘a headiop eembre70sWitgbndbacangbe ppresed ttHoe Hxbdefily aitami ch can be
adj ust ed between zero and the length of time taken for a-conplete rotation
of thenetend? andpangudazrlys shifdnthel heading mazkemedintigl 25 mark -

circuit 78 generates, upon term nation_of the variable-
5 it has the correc position on. the display, at which .

point the scanner 4.and c01ls.10 will be in proper angular
relationship.

BEARING MARK

‘A fﬁrther:aspect'of the display.is:the provision
10 of a bearing mark, that is to sa& a radial 1ine'on_the
screen which can be angularly adjusted by a coﬁtrol at
the display unit so as to be alighed with any feature
visible on the display. .This enables, in conjunction
with ah angular index provided around the tube face, the
15 bearing of such_e displaysfeature relative to the ship's
heading fwhich'is maae alﬁays to eoincide.with the top of
the screen:and the zero position on the angular index)
to be read off byjan operator. |
For this, pulses 70 are applied from the threshold
20 circuit to a bearing mark circuit 78 Bearing.mark |
.circuit 78 responds to a heading pulse 70 by generatlng a
pulse, the'length of which can be adjusted'between,zero
'end the length.of tiﬁe taken for a complete rotation of
thepscanne;"4, bY'meaﬂs'of a contrel 80. -Further, bearing

25 mark circuit 78 generates, upon termination of the variable-



F)
-20- length.pulse, -an output pulse having a | ength equal to the tinme taken
for the CRT spot to .make two sweéps (again at the | owest avail abl e sweep
epetition rate).- The output pulse frombearing mark circuit 78 is appl i ed
05 gate 82 and holds the pate open during two (or nore) sweeps of the:
CRT spot.. Applied-to another input of gate 82 are pulses L, a plurality
(im practice typically sixteen) of the'se being generated at equal
i'Qervals during the spot sweep as can be seen fromFigure 3. 10
.Consequent |y, during at |least two success?tve-spot sweeps the spot is
brightened e.g. sixteen times per sweep so as to display a dashed |ine on
the screen, this being a bearing mark. The angular position of that |ine

about the scileagthepulse,s alttmrtputepulseadiarsimend bénghk éguatotbdbrol 80 ¢

‘on bearing mark circuit 78 which, as will be understood, determ nes how

much tinme el &peetiimet weken fo1CRhes CRT st rkp tivake ofpwoesweeppodagadn and

t he beam being brightened to provide the dashed |line. Thus, the desired
beari ng narkaéaﬁhbelpuﬂﬁh(ﬁ“ﬁilﬁblﬂﬁ?wgipZIFPQ&#QQQMarabﬁy an@hear
position to mark the bearing, relative to_.the ship's_heading, of any
feature on tﬁBtBP§pP§}SeTﬁ€°HUPﬁé?ﬁnﬂ<ﬂ?€%w?%ﬁﬁ%%¢tﬂ$ohﬁhagaiéeétho

provi de the dashe bear,i rk.line are derived fromth out put S|gnal
of range pGPFSd eﬁéﬁag%ﬁgalthﬁnﬁﬁ te gpan ahrlng two ?or mores

sweeps of the CRT spot.' Applled to another 1nput of gate
82 are pulses L, a plurality (in practice typically
sixteen) of these being generated at equal_intervals
.aurihg the spot sweep as_can"be'seen from Figure-3.
. 10 Consequently, during at least two suCcessige spot sﬁeeps
the spot is brigﬂtened'e:g: sixteen times per s%eep so
as to display a dashed line on the screen, this Eeing:a
bearing mark. The angular position of that line about
the screen eentre is determined by adjustment of the_
.15 control 80 on bearing mark circuit 78 which, as will be
| understood, detefmines how much time elapses between the
CRT scan passing the top centre position and the beam
being brightened to provide the aashed line. Thus,
the desired bearing mark can be peSitioned on the CR?
20 screen at any angular position to.mark the'bearing,
relative to the_ship's_heading, of any.featare on the
- display. : | _ _ _ |
- The pulses which .are gated through gate 82 to
provide the dashed bearingimark_line are derived from,the

'25"output signal O of range period_generator 40, this signall



- being applied to a divider 84 which once again has a plurality of
puts for different division ratios. An individual output of divider 84
' sel ected by neans of range switch section-24d. A lower division ratio 5 Py
is selected when the range switch is set to |low range (i.e. high spot
scanni ng speed), and vice versa, so that the bearing mark pulses- L will be
at frequencies proportional to spot scanning speed, whereby the bearing
- mark dashes on the screen will be 'jdentical irrespective of which 10 -
range setting is in use. RECEIVER As'referred to above, the radar pulse is =
transmtted fromsection 4a of the scanner at the noment when the CRT beam
initiates its radial scan. An echo pulse is received 15 from an object

| yi nggggpﬁggﬂ%@ﬁe@%ﬂ &ft%@g\gﬂic hgﬁésaaﬁs&n“hafst g a delay

depen tance o h | ec rom tRe scanner and the echo

- pul segia a9y &F Budhifed ef:&f?vafﬂféfgai;'oaw@s%nfQStiieanhehE: Its frequency’
.1s the sanme frequency "as the output of rmagnetron 2. n 20 nown nmanner, ,

the ree@iivadudll Tatiputlio®dlivides 9811 86suhtbtbhenguibrhsf bgm a | ocal
oscillator 88 to generate an-internediate frequency-which is anplified by

i nt er ragiget ewitxh eest oWl 24der H01owert Aevikibheradiby filter 92 to
provi de a video signal which represents the envel ope 25 of the original
'r §cei 1&d sedeectedlvhen dde sraynpd éwitthnssiset to low range
(i}e. high Spo£ scannihg speed); and vice vexsa, so that
the bearing'mafkfpulses L will be at freqﬁepéies proportional
to spot sééﬂnihg SPeed; Whe:eby'the bearing mark dashes
~ . on the scréen wi11 be identical irrespéctive of which
10 range setting is in’use?
RECEIVER |
‘ As referred to -above, the radar pulse is transmitted
from sédtion 4a of the scanner at the moment when the CRT
be#m initiéteslits radial séan."'An echo'éulsé is received
15 from an object_lyiﬁg'in-the'inStantanedds direction.qf-thé '
scanner 4 after a delay dependent upon the distance of
the object fiom the scanner and the echo pulse is received
. at the receiving section 4b of the scanner. Its fregquency
is the same“frequénchas the output'of'magnetr6n 2.- Iﬁ 
20 known manner, the received pulse is_ﬁixéd in a mixer
. 86 with the output from a local oscillator'BB to generate
aﬁ intermédiate frequency which is amplified by intermediate
frequency'ayplifier-SOTand then filtered by'filter 92
to provide a video signai ﬁhich'represents the envelope

'25 of the'originallteceived_écho; The'Video_Signal is trans-



.‘22 mtted qn line 94 to the display unit where it passes through a high '<Z§E)
pass filter 96 and is applied to the video input of CRT 8., so as to

ri ghten the scanning spot at a radial distance fromthe screen centre

“which is 5 proportional to the acfual distance fromthe scanner of the.

- obj ect which produced the' echo. The |local oscillator 88 may be of any
known kind but it is preferred to enploy an oscillator, such as a
Gunn-effect oscillator, whose output frequency can be 10 adjusted by
adjustnent of the level of a d.c. inpwt2® gnal. Local oscillator 88 in the

~described enbodinent is of this kind. The d.c. signal for tuning its output
frequency is: provided by an adjustable tuning circuit 98 at the display
unit (Fi gurepittaadoarplihedoyi do s @iRpliage Uiitl whdrwmtitgsasssst he vi deo -

-signal .and via a lowpass filter 100 to a tuning input of |ocal oscillator -
88. Since fithebu§h BShaghi pasgatdliticdrt 96 tdnd ik @pplipdltalodse motdedf ect
the video input of CRT 8, and since filter 100 is a |lowpass filter, the -

-~ video signal ihpat bieCBEt Byt sof a20 to bixdighden shetsdanning t$RCk At ng i nput

of local oscillator 88. Thus, by adjusting the d.c. volta enfrovrded by
tuni ng. ci rcuat re@ialhdistengendyont thec sicxesyl Igentye ghi $e adjusted so:
asto provide-optinun1angllficatjon of the received echq.in the rece%ving

section bf thsoportional to the actual distance from the scanner of .

the object which produced the écho,'
| ‘The local oscillator 88 may be of any known kind
but it is preferred to employ an oscillator, such as a
Gunn-effect osciliator,_thSe output frequency can be |
10 adjusted by adjustment of the level of a d.c. input signa;.
Local oscillator 88 in the'désc:ibed embodiment is of this
kind. The d.c. éignél for tuning its output frequency
is provided by an adjustable tuning circuit 98 at the
' display unit (Figure-l) and applied via the same line 94
15 that carries the video signél and via a low-pass filter
100 to a tuning input of local oscillator 88. Since
filter 96 is a high-pass filter thiS-d.Ca signal does not
affect the video input of CRT 8, and since filter 100 is
a 1ow—paSs‘fil£ef,‘thé video signal from the output_of
20 filter 92 is not fed to the tuning input of local oscillator .
88. Thus, by adjusting the d.c. voltage provided by
. tuning circuit 98,_the'fréqueﬂcy of-local'oscillator 88
. can be adjusted so as’ to provide optimum amplification -
of £he'réceI§ed-echq in the receiving section of the

25 circuitry.



25

is amplified.in normal manner. By adjusting_COntrol 104
on sea clutter circuit 102, and thus adjustinglthe
timing ot the.tralling edge of signal J, the display

of echoes received from rough.uater-around the boat can

be attenuated to any desired distance out from the centre

L

2 ircuitry. . - 23 - GAIN CONTROL AND:SEA CLUTTER Cl RCUI TRY A gain
ntfol circuit 108 is nmanual ly adjustable to generate a constant but
stable d.c. gain control voltage which is applied by line 106 to a gain
~control 5 i nput of internmediate frequency anplifier 90. Referring to
Figure 3, waveform | illustrates thg formof the video signal when echoes
are being received from rough watef3 TI't can be seen that the earliest
echoes are of substanti al anplltude and woul d" cause ‘the 10 CRT display oy
have @a i @6hTRALC Ant SHI driFrrSR & EridipRyas al ready nmentioned is : _
unde of the sea clutter circuit- 102
(Figure 1) V"“AC '$5C oty hecffévgﬂg 8 $8 haRRd199"YBET ALV PUL
signal J havi ngaan%ag usté:{)]le peri 11@ settable gn r@ans of éa). control
104. +d hﬁ nékﬁﬂé' a SoHstaInt IBPOSsd; 98t bPgedaCc. 0 @Iaanceaﬁ{t%lvol tage from
circuit line 106. Consequently, when signal J is low the gain of
anpl I&éﬂage wﬁiaal dsatapwi@mqu 1enel 166 tBeavigden Yomtdlol s attenuat ed.
As si gnal gradual 'y rises, the 20 gain of -anplifier 90 is increased
gnti |iﬁﬂi@tvbﬂeﬂn&egﬁﬁldﬂ&eﬁlrﬁﬁéduéﬁicynaJﬂplimh.eﬂ‘HBDQF By . adj ust i ng control
104 on sea clutter circuit 102, and thus adjusting the :
Referring to Figure 3, waveform I illustrates the
form of the video signal when echoes are belng recelved
from rough water. It can be_seen that the earliest |
echoes are of_substantial amplitude and would cause the
10 CRT display to have a bright patch around its centre
which as already mentioned is unde51rab1e.
This can be elimlnated by means of the sea clutter
circuit 102 (Figure 1) which_recelves the trigger pulse F
and generates an output signal J having an adjustable petiod
15 settable by means'of,a control 104, This signal:is super-
imposed on the d.c. gain control_voltage from circuit 108,
‘on line 106. Consequently, when signal.J is low the gain
of amplifier 90 is neld at a reduced leuel so the video
signal is attenuated., As signal J gradually rises} the
20 gain of amplifier 90 is increased until the video signal.



otfnihg”of the trailing edge of signal] J., the display of echoes received (E%é)
from rough water around the boat” can 25 be attenuated to any desired

' ‘pistance out fromthe centre --24- of the display screen. MAGNETRON :
CAPACI TOR CHARG NG The above expl ains the events.occurring while the CRT
~spot is sweeping f.:romthe screen centre to the 5  screen periphery i.e.

up to the termnation of ranp signal Qin Figure 3. It is a feature of the
~described enbodi ment that during this period no power is drawn fromthe

‘d’c. power supply circuit 110 for the pur$®s® of recharging the magnetron -
driving capacitor 34, which becane partly 10 di scharged when the

magnetron was fired imrediately after the begi nning of the cycte. However,

once the CRT_gcC has.. ot ed a further sequence of events is
“initiated to°§e€ﬁ%r§£S€§%gc§§€$£§a ready for the next radar pulse to be

transmtted. yadibProN SKPAGYPERAEHAREIAWS. 15 ~ The delay in the
initiation'0¥étapatrtur—chargrng“r§‘érrﬁcted by neans of a stand-off period
circuit 112. In resppreeabsvéhexptadhsgtrdgevehtsi goeirRiagowhibe 3ps del ay
circuit 28, the output of stand-off period circuit 112 goes low (signal T) ..

for a predetehai ORT ®pototlsowe8pinygi fromThhe pereed centreatesthest after
the spot scan has been conpl eted at which tine the output of stand-off
: 5 screen periphery i.e. up to the termination of ramp signal
Q in Figure 3. It is a feature of the deScribed_embodiment‘
thaf during £his period no power is drawn from the d.c.
power supply circuit 110 for thé pufpose of recharging
the magnetron driving capacitor 34, which becamé partly
10 discharged when the magnétroﬁ was fired immediately after
the beginning of the cycle. Héwevef; once the CRT
scan has been completed a further sequence of evénts
is initiated td recﬁarge-capaditor 34 ready for the next
radar pulse to be transmitéed.' This is achieved as follows.:
15 - " The delay in the initiétion of capacitor charging
is effected by means of a staﬁd—off period circuit 112.
In response to the leading edge of éignal R_f:om the 3us
delay circuit 28, the output of sténdfoff_period circuit
112 goes low (signal T) for ; predétermined'period of
20 -time. Thét’period terminates just after the spot scan

has been completed at which time the output of stand-off

period circuit 112 goes high, and the 1e§ding edge thus



7%lggers a charging period circuit 114 which, 'in response, , generates an
put .signal U having a predeterm ned. Iength Signal Uis applied to a
pul se nunber generator. 116, which is an independent oscillator, 5 and
whi ch generates a train of pulses V.so long as it is receiviing the pulse U
fromcircuit 114.. Consequently, the length of pulse U determ nes the '

,i od circuit 112 goes high, and the |eading edge thus -25- generated

nunber of -pul ses V generated by genematar 116. The pulses V are applied to<&gi

a pul se width nonostable 10 circuit 118.  This generates an output pul se
for each input pul se received, but the mndth of each output pul se can be
varied in a manner, and for a purpose, which will be described below. The

out put, Mﬁ%areﬂ§§é§§ @l éhfar@m_;t Falrd ol & fcu sl 1 £dvhDci, pul se
generé%lng circuit 120 (which will be described in nore detail wth

ref er efiterd Spdh e} Cgénevhite’d Hor cvput RlitnglIGchawnsd ved applies a pul se
of charge to capacitor 34, .thereby eventually charging the capacitor to a

vol t agsreédet dmirgdobeAtRQ0 Bdignal UCHar gippl idd dapaxipwls@4 ceases when
the 20 predeterm ned nunber of pulses in waveform V have been conpl et ed.
The cinunbér igendératon 316gnwhiiichn iscaaly ifrsleperadent sesohlbatohe next radar
pul se by energisation of magnetron 2, and sinultaneous initiation of the -
next and which generates a train of pulses V so long as it
is receiving the pulse U from circuit 114. Consequently,
the 1ength'of'pulse U determines the number'cf.pulses
v generated by generator 116. - '
The pulses V are applied to a pulse width monostable
10 circuit 1l8. This generates an output pulse for each
input pulse received, but the width of each output pulse
can be varied in a manner, and for a_purpose, which will
he described below. The output pulses from pulse width'.
monstable'lIS are applied to a pulse generating circuit_
15 120 (which will be described in more detail with reference_
to Figure 4) which for each input pulse received applies
a pulse of charge to capacitor 34, thereby eventually
.charging the capacitor to a voltage in the region of
300 volts. Charging'of:capacitor 34 ceases when the
20 predetermined number of'pulses'in waveform V.have been_
. completed. The circuit is then in a condition ready.fcr--
transmission of the next radar pulse by energisation of
magnetron 2, and simultaneous initiation of the next '

-e

sweep of the CRT beam,

RN



.smeep of the CRT beam -26- ‘On smal| boats, the standard form of power (Eég
supply 110 (from which.'various supply voltages for all those circuit 3
nponent s needi-ng then1nay be derived in ways known in thenselves) is a 12

volt battery charged 5 fromthe propul sion notor or froma generator -
mot or. However, the operating conditions are normally such that the voltage
“avai 1 able fromsupply 110 may vary between 11 volts and about 16 volts. 1In
pilor radar units, the circuitry for chargifg fhe magnetron energising
capacitor 10 has been designed so as to be-operable froman input voltage
of-about 10 volts so that there will always be an adequate input voltage
"for its operation despite the fluctuations in the output.voltage fromthe
pover supply. Howevéin smabldreatrectbevstandardgform pé pepesi tor 15
charging circuitry when the supply voltage rises_substantially above 10
volts, as is SHRRAY I cbEeom which¥pyieurpFERPYY| Vedéageshiiorser

Supply. rﬁo“.aiaﬁfStﬁxqa'%ﬁf%uﬁ%b%&mé%n%%%ﬁﬁegéﬂﬁg BRAE: msy B, 4 3ee%ai eSf
I n heat sinks, and of ,course, ref esenisﬁggoundes

ap
consunpt i on 4 RS KRG AR ChemERLY ﬂfnﬁn goﬁﬁmggggFFBé afﬁ?dheed
_for a corgl e)S‘EJ.yo?r{ 3% SESRL 4 £66 $8£o§“89' ¥L0M BhSeEQBQ‘thOho%Q&r gi ng.

However, the operating conditions are normally such that
‘the voltage available from supply 110 may vary between 11
volts and about 16 volts. In prior radar units, the
: circuitry for charging the magnetron energising capacitor
io has been designed so as to be operable from an input |
voltage of about’ 10 volts sO that there will always be
an adequate input voltage for its operation despite the
fluctuations ‘in the output voltage from the power supply.
However, to avoid excessive loading of the capacitor
15 charging circuitry when the supply voltage rises
substantially above 10 volts, as is often the case,
relatively complex voltage stabiliser C1rcuitry has been
employed which in effect dumps power when the output of
supply 110 is significantly above 10 volts. This power _
20 is dissipated in'heat'sinks'and'of.course'represents;an
'undesirable waste of power consumption in the radar unit.
.In the embodiment being described, the need for a complex
_voltage stabiliser for supplying the capacitor charging
" circuitry, with its attendant cost, and the undesirable
25 wastetof power'which:has been involved, are avoided as

follows.



uitry, with its attendant cost, and the undesirable 25 waste of power

h has been invol ved, are avoi ded as foll ows. -27- A vol tage sensor

uit 122 continually senses the output voltage of power supply 110. So @
g as the sensed voltage remains below a certain threshold | evel which:

will not overload the capacitor charging circuitry, 5 voltage sensor 122
produces no out put signal on l'ine 124. However, when the sensed voltage . .
ri ses above this threshold | evel a proportlonate signal is devel oped on
line 124 and applied-to the chargi2W eriod circuit 114.. This is a o
nonostabl e circuit whose output pulse (signal U has a 10 constant |length .
in the absence of a signal on line 124 but whose time constant is reduced,: .

L Coneeatetol dct BaRok Viech N pIchlel LYY RS [ P oPor 11

to the value any“rnput signal —app

supp%m f@gﬂ{g gegfs OWI%H%?%;Eri§es §§g£gnghg tg gshol d val ue

t he resul out put |gnal sensor uses a proportionate-

redusfé,sréa Qréi"é‘agé“Béﬁa%sp%i%Wad@éz‘teéﬁij Yr&LREYENgenaL I od circuit 114 -

to pul se nunber geénerator 116, and thus a corresponding reduction in the -

NUNDGH Qi Ml BEShEe ovéribﬁdalth\é @ag;ach;dxo dﬁ@r@yﬁgecm&ewtﬁynost abl e 118.

Consequent|ly the nunber of pul ses t not their wdth
5 .voltage sensor 122 produces no output signal on 1ine 124

However, when the sensed voltage rises above this threshold
'level a proportionate signal is developed on line 124 and
applied to the charging period circuit 114. This is a
monostable circuit whose output pulse (signal U) has a
10 constant length in the absence of a signal on line 124
but whose time constant is reduced with consequent
reduction in the ‘length of ‘the output pulse, in proportion
to the value of any input signal applied on line 124,
' Consequently, as ‘the supply voltage from power supply 110
'15 rises above the threshold value the resultant output
' signal from voltage sensor 122-causes a proportionate
reduction in the length of. pulse U delivered by charging
period circuit 114 to pulse number generator 116, and
thus a corresponding reduction in the number of pulses
20 in signal V applied to the pulse width monostable 118
Conseguently the number of’ pulses (but not their width)
in the output from pulse width mono 118 is correspondingly
: reduced_and so-is the number of pulses_of_charge delivered
by pulse generatOr 120 to capacitor'34, The pulses‘

25 delivered from pulse generator 120 to capacitor_34 are



in the output from pul se width nono 118 rs correspondi ngly reduced and so
is the number of pul ses of charge delivered by pul se generator 120 to
ampaci tor 34. The pul ses 25 delivered frompul se generator 120 to
capacitor 34 are- - 28 - derived fromsthggpewer supply ‘110 and the anpunt
~of charge in each pulse'is therefore proportional to.the instantaneous

val ue of the output voltage of supply 110. Consequently, when this voltage

ise h pyls ljed 5. to C ' 3 Lns:more ch but b

reans of t hedEELYAR (F i EhERBEWFEL EURRY Job A CEhRSRBERE fhrber of
I | i to t ' I.t 34.,t h It d d: ently,.

Fﬁe,siflrgﬁﬁf hl)e Eﬁ?ﬁgﬂ%fa fli-hvﬁgaseaagﬁ hsretpre nfiﬁgﬁiépaa; 8 P8 onst ant
even o : ut put vol f age .of , power, s MRY [ Se.Ver :
subst anti al | §g3589§aﬂ?§‘{§1r‘é§#1'8?gofe%8 ?é’ttpé{@\evoél Jt%"@ge sgﬁsg}’pff’! 'ﬁlot‘ can
b latgd that in.thi ' it .S, :

it ‘3‘22;;‘3% f Eintafhentiny JEY HRERCvRIsade AR S efﬁég%% Qe%‘i“hf%;j
necessi 0f 2 r eaKEReH S i 0 e

beam sca%‘ an ot Eépgg\gg;a]% _((;‘;r_p_cﬁar gl %gssiggggh%g’ad\r/ é| gﬁl}'\st a%&/aﬁggggsfo%ot h
these .procesggg égg%’:ﬁ&;{ %{‘éﬁgﬁéscg{aéﬁn eféno@ﬁiéﬁfﬁ’éﬁl n\&er}:ﬁap%{ailo- By .

avoi di ng draw ng urrents- I mul taneous _ osses 1 n the
~conductive pabfiSelC8#ePulses applied to the capacitor 34 to charge

it is reduced. Consequeﬁtly: the amount of charge applied
to capacitér 34 is_kept substantially éoﬁ#taht even
10 thoﬁéh the oﬁtput Qoltage of power suppiyhlio may rise
very subsfantiélly above the-threshqld'levei set at
.'voltage sensor 122, It can be app:eciatea £hé£qin-£his
waf the.circﬁitry takes:only SO huch péwer as it needs
for adeqdate'cﬁarging of the capacitor ahd there is
.15 no necessity fqr any power to be dumped.
The sepafaﬁion, in time;'of the CRT beam:scan'
.and the capacitor Charging step has_varioué.advantages.
~ Both these pro¢§SSes teéuire significant curfeht from the
power supply 116; By avoidiné drawing both currents-
20 simultaneously, line losses ih the éonduétive_paths (espgcif
ally in those5paths which carry:both the currents) are reduced;
thus further reducing power cbnsﬁmétibn. Also it is the
pract;ce to design all circuitry fdr satisfaCtorg oéeratioﬁ
when_the power éupply[voltage is about 10% below its
25 normal level_(e.q. 12 int§)._ The reduction in peak

current consumption achieved by non-overlap of the



lly in those paths which carry both the currents) are reduced, thus

rt her reduci ng power consunption. Also it is the practige to design all

‘rcuitry for satisfactory operation when the power supply voltage is about
10% below its 25 normal level (e.g. 12 volts). The reduction in.peak '
current consunption achi eved by norpgowerlap of the - 29 - two currents-
reduces the proportion of this margin which is absorbed by line |losses and

t her afy@d eclOSen €ONBédaEE tﬁepbfsﬁdreﬂoﬁhsfde&wnmgi gin Cﬁi&ﬁ%ry Al so, J

since the high energy transitions involved in capaci argi ng do not

oCCUrapébded Sy I ELRé VESS£&EH SE@NtRELe P61 VEBesiNEonstpaDRE 15! bEALSE
required to prevent the fornmer interferingwith the latter can be

‘'si nplod i e dewigy obsthe FeLHRE ¥rFoNEABSORCEEncé tharpigy énergyschargi ng
capacitor 34 10 will now be described in nore detai'l with reference to

Fi gurterans#udons gimeolved iR0capasibon ehabginghdo bnokeoetanewhibke suppl ied
with power fromthe positive liné 126 (see connection Y-Y in Fig. 2) and -
sfua(ﬂhﬁﬂ#ﬁ¢¢#ﬂ?§é§ﬁ£fS%QMBﬁr%u@@tyV§1Oth%nﬁnte€eablﬁglteslngntroI si gna
fromthe output of pulse width 15 - monostable 118. Each outg pul se. from
ronosteftread 8- ERYI EoHRicEPTRen inbekfering seithvikentay %Fr'éﬁﬁlt 130 so

t hat S y gf &age ulse is applied to the prinmary 132 of a pulse
transt?%rﬁfﬁﬁp ified, “saving cost.

FIGURE 4
| Some.aspects of oharging and diecharging.capacitor 34
10 will now be described in more detail with reference to Figure 4,
~ Pulse generator 120 is shown within the broken-line box,-
'supplied with power from the positive 11ne 126 (see cOnnectlon
Y-Y in Flg. 2) and the common 1ine 128 of power supply 110, and
receiving its control signal from the output of pulse-w1dth
15  monostable 118. | |
Each output pulee from monostable 118 renders conductive ;'
a transietorised ewitching circuit 130 so that a supply voltage
pulse is applied to the'primary 132 of a pulse transformer
generally 1ndicated at 134. This generates-an output pulse
20 of higher voltage and of a length proportional to the
length of the pulse from monostable -118 across the secondary
136 of the pulse-transformer. The polarity of the pulse is
“such as to pull charge through a diode 138 onto a capacitor
140 and, via a diode 142 onto the main capacitor 34. When
25 .the voltage:across seCondary 136 oVershoots in the
opposite ditection further'charge is_driven from'oapacitor

140 through diode 142 onto capacitor 34. As already-



general ly indicated at 134. This generates an output pulse 20 of hi gher @
vol tage and of a length proportional to the length of the pulse from ¢
r@nost abl e-118 across the secondary 136 of the pulse transformer. The

pol arity of the pul sg i's such as to pull -charge through a diode 138 onto a -
capacitor 140 and, via a diode 142 onto the main capacitor 34. \Wen 25

t he~vol t age across secondary 136 overshoots in the opposite direction

f ugt-her charge .is driven from capacitor 140 t hrough di ode 142 onto

capacitor 34. As already - 30 - nmentioned, the number -of pul ses thus
applied to capacitor 34 is automatically ad?@sred So as to ensure that it

is kept charged to a vol tage of approximately 300 volts. Charge is stored

on capacitor 34 until the firing 5 pul se is delivered by nmagnetron pul se

Wi dt h’ monost abégt 8Onedl)i nbSnanBeikedft pulae sS Whiveh appawe Pt dlidacitdr -
Figure 2 which, in the preferred enbodinent, is a solid state sw tching

devi ce havi ng3gety aueamaﬁpua1lypadgﬁgeeac@babteu@=eﬂwm&ehwmaﬁMJﬁuxb
current of up to.16 anps. 10 at 360 volts and with very fast on and off

swi t chi ng t|rM5pprcﬁargbdytonatbeltageoofoapbﬁﬁxﬂmatéﬂyn3ﬂmawmwts.
enhancenent node VMOS power FET is preferably enployed and, in particular,
nodel VNAOOOA or VNACHdrgevias! abbeellr om Sapacdtior Bidmundd lofthdeiiuring
Berkshire, England. 15 The input of the PET is protected by an 18 volts
Zener 5 pulse is delivered‘by magnetron pulse width monostable 30.
| This is‘applied'to the switch'shown'as block 32 in
Figure 2 which, in the preferred embodiment, is a solid
state.switching deVice:having very high input impedance}
capable of switching pulsed current oflup-to 16 amps.

10 at 366 volts and with very fast on and.off switching

' times preferably in the region of 100 ns. An n-channel
enhancement mode vMOé powerlFET is preferanly employed
and, in'particular, model'VN4000A'or VN40O1A available
from Siliconix Limited of Newbury, Berkshire, England.

15 The input of the FET is protected by an 18 volts Zener
diode 144 and the output by six such diodes 146 which
limit the voltage across the output electrodes to
360 volts. When FET 32 is switched on by pulse S
capacitor 34 is discharged through the primary 148 Qf

20_ pulse transformer 36 thus generating in its secondary
150 a voltage pulse in the region of 2000 volts which :
is applied by 11ne 152 to the anode 154 of magnetron 2.
The resultani oscillation of the magnetron makes available

. at its output port 155 a radar frequency pulse hav1ng a

25 power in the vicinity of 1 kw which is applied to the



Qde 144 and™the out put by six such diodes” 146 which linit the vol t age
0ss the output electrodes to 360 volts. Wen PET 32 is switched on by
se S capacitor.34 is discharged through the prinmary 148 of. 20 pul se .
+ansfornmer 36, thus generatlng inits secondary 150 a voltage pulse in the
regi on of 2000 volts which is applied by line 152 to.the anode 154 of
magnetron 2. The resultant oscillation of t he magnetron makes avail abl e at_._
i'ts output port 155 a radar frequehy-pul se having a 25 power in the i
vicinity of 1 kw which i.s applied to the =~ -31- transnitting section 4a of~-
scanner 4, in known nmanner, the duration of the pul se corresponding to the
duration of t he out put pulse S of nagnetron pulse wi dt h nonostable 30. 5 -

I t sh e that th m/ 0 | ow vol tage circuit N
for g #%’ga‘{?fhgfﬁﬁ g%g%igﬁ ggl stg %cgﬁ‘te%f Iks’le&@\n{ ‘éﬁf"be’%g control | able

by a t gage I S ct olid - .
st at e%gévm @p#]%%g}deé?cgﬁ% ?ﬁg%as'%:gg\% t 9,?0'\{{?% |£rrh£ %ﬁﬁ%ﬁabl lity to

SW t PRUET t aPHEV C day of
’ ener ﬁ?%lgé g(ghnegnet?gggl\?\n tshbgoirtlltqregfeﬁggﬁ 25 rgh ep@{ ses, vﬁ I n t he. cont ext,

ragpy equi pnent or othermnse A dlode 157 protects smntch 32 agai nst the -

reverse _

5 : It should be appreciated that the use of a low

PN

powered, low voltage circuit for generating the firing
pulse S, with the pulse-width being controllable by
a variable voltage control signal, in conJunction with
a solid state switching deVice_with fast switching
_ 10 times and the'ability'to sﬁitch_a high poﬁer input'
prov1des an economical and reliable way of energising _
a magnetron with controlled ‘width pulses, whether in
the context of radar equipment or otherWise.
| A diode 157 protects switch 32 ‘against the reverse
15 phase overshoot voltage which can be developed'by primary
148 in response to the trailing edge of the pulse induced
in secondary 150, _
A p_arallel RC circuit 156, 158, which is not
essential for operation, has terminals.lso connected
20 across it' to which an instrument.can be connected to check
the magnetron output power. | _ | |
f The above description of the magnetron switching
effectively assumes that the lower end of RC circuit 156,
158 is connected to common line 128, so that magnetron

25 anode 154 starts at zero potential as is normal In



15 phase overshoot voltage whi ch tan be devel oped by primary 148 in
response to the trail.ing edge of the pulse induced in secondary 150. A
parallel RC circuit 156, 158, which is not essential for-operation, has
term nals 160 connected 20 across it, to which an instrunent can be -
connected to check the magnetron-: output power. The above description of the
nagﬁetron swi tching. effectively assunes that the |ower end of RC circuit
156, 158 is connected to conmon |ine 128, -s@2t kat nmagnet ron 25 anode 154
starts at zero potential as is normal. 1In -32- fact, a nore .

158 and"ther o ”a“gcﬁriﬁ%ﬁd?%%*“%%%ﬁ g‘l‘éﬁga@?ﬁ@gﬁéﬁi e, 5, G4 L 50
a line 166 Q. by genera Sﬁcﬁ%i¥@?£g 6?%33 dbthér%Qb&égin sffpet

doubl i ng arrangenen conpri sing diod

and 172 and capaciisie ilgé é‘ﬁdtﬂgﬁmﬁgﬂééﬁbﬁdiﬁscSRHlé’Etedl Byl 8509p%e 10 the
i nput pul ses applied to capacitor this produces a vol fage of

appr oxi mat el y1 0%/ 151 £861hdepd€bneLal hehiBhi 95 peot@deanbicli RO1vadee
.magnetron its anode is at approximtely 600 volts relative to its cathode.
In this veay, ddubMaid mahﬁ@dnmtt@eﬁerdmyl dpddcatedsatsaéBnandy w ndi ng
150 to fire the magnetron is

comprising diodes 170 .and 172 and capacitors 174 and 176

connected as shown. 1In response to the input pulses-'
- applied to capacitor 140, this produces a voltege of
approximately 600 volts on line 166 so that prior to
10 SWitching on the magneﬁton its anode islat”approximately'
600 volts relative to its cathode; | |
In this way, the voltage needing to be developed
across-secondary winding 150 to fire the magnetron is
reduced so the.turns ratio of pulse transformer 36 can
t15 be fedﬁced. This increases the bandwidth of the transformer
| which in turn enables a'wider'range of pulse widths to
be switched by the trahsformer than would otherwise be
the case. | |
Also, the amount of power which has to be switched
20 by switch 32 is reduced thus-iocreasing circuit reliability.
The bias applied to the magnetron anode should
be below the threshold_level at which osciiiation could
be induced. A lower bias'than-that.described may'be
achieved by omitting circuit 168 and connecting the lower

25 end of RC circuit 156, 158 to capacitor 34 to bias the



ced so the turns.ratio of pulse-transforner 36 can 15 ‘be reduced.

i ncreases the bandw dth of the transformer which in turn enables a

W gder range of pulse widths to be-switched by the transforner. than would

ot herwi se be the case. Al so, the anpunt of povier which has to be switched:
20 by switch 32 is reduced thus increasing circuit reliability. The bias
applied to. the magnetron anode shoul d be bel ow the threshol d | evel at which
oscillatjon could be induced. A lower bias than that described may be ﬂef
achieved by omtting circuit 168-aBg eonnecting the |lower 25 end of RC ™
circuit 156, 158 .to. capacitor 34 to bias the 33 nagnetron anode to
around 300 volts, but with reduced benefits. RANGE CHANG NG In a practi cal
enbockha?mtr@nXaﬂbaéetamarwmesooS voItHE PP WwitH- feddcda 4 -0, 8:0 and
16.0 es are made available. " For the first two, the 4000 Hz repetition
rat e benefipteyed by sel ecting waveform A at range switch section 24a. For
the nmiddle two ranges waveform B (2000 Hz) is selected and for the two

| ongeBANGBNCHANGINGwavef orm C (1000 Hz) is selected. Consequently the
operating cycle of radar pulse transm ssion, CRT beam scan, and

capaci t or - r ebhaagpracticpdaenbposiiment ofsivhalbicf ferent ranges,

5 'namely'O;S,-l 0, 2.0, -4 0, 8.0 andlls 0 miles are made '

available. For the first two, the 4000 Hz repetition rate
.is employed by selecting waveform A at range switch
section 24a. For the middle two ranges waveform B .
(2000 Hz) is selected and for the two longest ranges
10 waveform C (1000 Hz) is selected Consequently the
operating cycle_of_radar pulse transmission, CRT beam
scan, and capacitor -recharge is repeated at one of these
three rates according to wnether one of the shortest,
middle, or longest pairs of ranges iS‘selected
15 ‘ "It has already been mentioned that on a longer
range setting a longer radar pulse is desired and on
a shorter range setting a shorter radar_pulse is deSired.
Additionally, since the_whole operating cycle of.tne
system is shorter at short ranges~than it is at long
20 ranges, the-stand-off period set by circuit 112 needs to
| be made shorter for short'ranges and longer for long
ranges,-and the length of the capacitor charging pnlses;
determined by-pulse'Width monostable 118, needs to-be _

greater when longer radar pulses are to be developed,

25 because a greater amount of power is taken by each radar



three rates according to whether onhe of the shortest, mddle, or |ongest (i;;;;
pairs of ranges is selected. 15 It has al ready been nentioned that :
om a |longer ‘range  setting a |longer radar pulse is desired and on .a shorter
range setting a shorter radar pulse is desired. Additionally, since the '
whol e operating cycle of the systemis shorter at short ranges than it is

at +wong 20 ranges, the stand-off period-s® by circuit 112 needs to be

mee shorter for short ranges and l.onger for |long ranges, .and the | ength of °

the capacit orpglse gi Nthé W EeSui €t 30 1 Nzl Sva pri a6l he %118,
needs to be greater when | onger radar pul ses are to be devel oped,

because a gr edéesrmiie Ntaddr poubse | FeAGkle) yawdedff aseriod armd-chatging
The circuits 30, 112 and 118 which respectively determ ne radar pul se.

| ength, st andewide phengch aade cabl ghowoptaiske | eiptil s earad |1 toiwsd gitef-
circuits and it is a pref- erred feature that the tine constants of these
circuits be Serredofeafjerecthabl the bime Gronstantsfof Hihese neiecwits be

t hemsel ves known, in which the circuit tine constant is inversely

pr opor t i*bnal YQ#%PQPTP°Q¥F?%&EP%@pI|%kF?Q¢%$C%%t?¥45t¥#ﬁﬁrﬁﬂecﬁnt¢R9m531V95
ool T os BB S SRR RS0, USSR 8 A e
i n response tg g&efongfméo' 4oLt 2981 B5L eLped E'gucsoeét%o (e Zns a1
| of the circuit. For example, Motorola MC145283 monostables
may be used with external reSLStor values made voltage—

10 selectable by diode switching in response to applled control
voltage. Referring to Figures 1 and 2, a d c. control
voltage generating clrcuit 162 at the scanning unit is
ganged with the range switch and produces_an cutput“of 0,

6 or 12 volts (the higher voltages being for the shorter

15 fanges) which is supenimpcsed on the trigger signal F on

| line 26 for transmission to the scanner unit, At the
scanner unit the superimposed d.c. voltage is appiied by
line 164 and lines 3b§, 112a and 118a to control terminals
on ﬁhe monostable circuits 30, 112 and 118 respectively.

20 (Since a combination of pulse'signals (F) and d.c. level
signals is pfesent on line 26, suitable isoleting and’
decoupling arranéements are of'conrse provided at circuits
28, 30,.112,and 118 for'ensuring.thet they respond only to
the desired signals).'_This;enables the time constants-of

25 these three circuits_(wh;ch in generai will be different

from each other)'tc_be_selectively'set to any of three



vol tage generat.ing circuit 162 at the scanning unit is ganged with the

r&ngg switch and produces an output of 0, 6 or 12 volts (the higher

qk ges being for the shorter 15 ranges) which is superinposed on the
txtgger signal F on line 26 for transm ssion to. the scanner unit. At the
scanner unit the superinposed d.c. voltage is applied by I'ine 164 and |ines
30a, 112a and 118a to control termnals on the nonostable circuits 30, 112
and 118 respectively. 20 ° (Since S conbi nation of pulse signals (F) and- «
d.c. level signals . is present on~l PRe™26, sui tabl e isolating and decoupling-
arrangenents are of course provided at circuits 28, 30, 112 and 118 for

ensurin% that-the% respond.ogkﬁ to_the desired signals). This enables the .
time ohEeRRPE ¥plyuss. opesdorheashcofc khes thrseckepatdédopal will be

di fferent from each other) to.be selectively set . to _qf three =~ -35- -
di f f eF&FES¥a Eée?eEE%iF8r°E;_ ebFaPﬁg,FﬁFggﬁrggthFiaggPiﬁgs, by operation
of th nge swtch at the display unit. The abave characteristics of the -
circulp are set the same for both of the ranges in one pair (i.e. longest -

two, mddle t¥ReOhhIRNA LhdkadtRlri stHRWCVY the birtuidedte
set the same for both of the ranges in one paif (i,e._

longest two, middle two or shcrtest two) . However it ié

evident




~

_ : _ \
- 36 - that for the two ranges in‘a pair the scan speeds and scan _periods/
of the CRT beam nust .differ by a factor of two. 'Hence six different * 1 R

@ vision ratios are provided at the output of divider 46, each differing
fromthe next 5 by a factor of two, so as to define six different val ues
for the length of the output pulse Hfromscan coil driver 42, one for each
range. This sets the required six different scan periods for the CRT beam
and; as already expl ai ned, the correspondi ng different values of inductance
10 set by switching of circuit 44 in response to the range switch -ensure
that the beamw Il be fully deflected i n~eggh-different scan period, thus.
giving the six scan speeds:. Further, in order that the range rings and.the
bearing mark dashes may be identical irrespective of 15 the CRT scan speed
bei ng enpl oyed, the-frequencies of the signals for generating_themare
i ncreased i n pr8boferokheotyeakanges) 1, HhAriniithe Hoam ARRAAS r%‘%enci es .

and 84, the aBAFBPPELBaGELss R CRY BEPB TRt QUSREF Mhdh TRREDD Che
sang! 10 o098, "h0S0nSEThl ReRthn Ky ok o BT P e T T
gg’se%: yt c\f . ﬁQErp&Qé”éﬁtBut 52088 viAeT U4%,° eadl %i‘i‘f%&aiid?;edfédh %ervd ML
o 5 by a factor of two;'SO 5s to define six different values
for the length of the output pﬁlsé H from scan coil driver
42, one for'éach fange.: This sets the required six
different scan periods for.the CRT beam and, as'#lfeady
explained, the'corréspondiné different values of inductaﬁce
10 set by SWitching of circuit 44 in response to the range
switch ensure that the beam.will be fully deflected in
each different scan period, thus giving the'éix scan épeeds._
Further, in order that the range rings and the
bearing'mark dashes_méylbe ideﬁticai irrespective'of
15 the CRT scan speéd being employed, the frequenéieslbf
the signals for genératihg them are incfeased in proportion
to scan'speed'by”éréviding;Six output frequencies (each '
differing from the next by a factor of two) from each of
dividers 52 and 84, the'apéfopfiate one being selgcféd at
20 each range due to the génginé of range switch seétions_

' 24b, 24c and 24d.

MECHANICAL ARRANCEMENTS _
 With the exception of the motor Ml and the
_ rdtétiqn sensing devices 68 and 66, all the components

5 shown in Eigu:e'z aré contained in a single assembly with



7 - the scanner 4 and rotate with the scanner. The broken line 166
| cates diagranmatically the existence and position of five slip rings
‘transferring power and signals on the .five conducting. paths which |ink

??Br

&
the 5 stationary and rotating parts of the equipnent (line 72 does not
eed a slip ring because units 66 and 69 do not rotate). The use of slip
rings is of course well known for this purpose but in prior radar systems
- for small boats as many as twelve slip rings have been required. 10 ot

In the present system the nunber_ g{ slip rings, and consequently t he cost~
and liability to malfunction, isr dhced by superinposing signals having
~different functions on a comon conductor, and-in particular by putting

- both the video and | ocal oscillator tunlng signals 15 on a single

' Cond%ﬁboscgﬁne&hﬂ!ﬁhdlﬁﬁﬁhﬁéawftwttﬁé SEARALS. onTgesbggkgnconductor 106
and the trigger and transmtted pul se wi'dth -signals on a single conductor-

26. 1lEwel he6, indidated diadguimdbicdElyOtRe exDsbeasesahgon and heading
i ndicating signals on a single conductor 72, a total of 20 only six

condpoSdtionroﬁ%ﬁmnefsiipuiinhsmﬁohetrmmsﬁerrhngapoyerhannos|t|ve and

negati ve power supply potentials to the rotating scanner unit.

- Theseigoadscomr $he divskereriductime pathsivgichi Linki thewi || be located at
a high point on the boat, to the 25 "display unit which wi'll be normally
bocastatipnaxy and rotating parts of the equipment (line 72

does_not need a slip ring because units 66 and 69 do not
rotate); The use of slip rings is of courseZWell knovn
for this purpose but in prior radar sYstems for small

- boats as many'as twelve slip rings have been required.

'.10 S In the present system, the number of slip rings,

and consequently the cost and liability to malfunction,
is_reduced by superimposing signals having different
functions on a common conductor, and'in particular by
putting both the video and local oscillator tuning signals

15 on a single conductor 94, the gain and sea clutter signals
on a single conductor 106 and the trigger and transmitted
pulse width signals on a single conductor 26._ Further,
by also putting both the motor synchronisation and heading_
indicating signals on a single conductor 72, a totalhof

20 only six conductors are required including the two'which
carry the positive and negative power supply potentials to
the rotating scanner unit._ '

These-conductors are taken from the scanning unitr

‘which will be located-at a high pointion the boat, to the
25 display unit which will be normally_locatedfin the



-38- hull of, the boat, by means of* an insulated nulti- core conductor which
in many cases will be of substantial |ength. Such conductors are expensive
apd therefore the reduction of the nunber of cores required enables 5 a
substantial saving in the cost of the length of the cable. MODI FI CATI ON OF
FIG- 4 Control of the charging of capacitor 34 to provi de appropriate
eneégy for driving the magnetron, ‘in direct386- response to the:level of
thg,supply vol tage, has already been described with reference to Figures 2
and 4. An al thukhtof ctherboat, mimeans | of tan sinselated porktie i ndirect!y
to supply voltage, is shown by broken lines in Figure 4. The nmean voltage
across resi ste@re Fondustey |Whieh ok #AnY trses ¢ihk beof srbsrantial ver ed
to magnetron 2. A contrqgl circuit 180 shown .in groken | ines detects this

mean vol t age lopgith. r SSPIRsTORNEIITR AR RIS LYY rnd vﬂ’h%?ﬁ#%r%ppl i ed on
Sl gnal used i Thecreathifel oot cthe At 198 eehed fifalted paiag T "
a0apt e §0 caysa el £ gl 1T 1ad (ol NGE RE S0 BTG eg,wdof nence

nunber of capacitor. chargrng p I'n"response ected in
magnetron meghggiLrent and to decrease it in response to a rise, mhereby to
control capacitor '

" MODIFICATION OF FIG. 4 -

E Control of the charging of caﬁacitor 34 to'provide _
appropriate energy for drivingathe magnetron,.in direct |
10 response to the ievel of the supply voltage, has already
.been described with reference to Figtres 2 and 4.
An alternative form of control, in thls case
respon51ve indirectly to supply voltage, is shown by
broken lines in Figure 4. The mean voltage across resistor
15 156 will be_proportional to_tﬁe mean current delivered to :
magnetron 2. A control circuit 180 shewn in broken lines
detects this mean voltage and in fesponse develops a control
signal which is applied on iine.isz.to.the charging period'
circuit 114, iﬁ plaee of the voltage sensor signalﬂtsed in
.20 the pteviously described version; aCircuit IBO is_adapted
to cause cifcuit 114 to inerease_the charging peried (and
hence number,ef capacitor charging pulses) in response to
a detected fall in magnetfon mean current and to decrease
it in response to a rlse, whereby to cOntrol capacitor .

25 charging such that the magnetron is always fully driven

£



chargi ng such that the magnetron is always fully driven - 39 - but

over-driven, irrespective of the supply voltage. Again, this is

eved whil e charging the capacitor froman unstabilized supply voltage
Wit hout dunpi ng power. It should be. appreciated that the control signal 5
fromcircuit 180 could be used to control capacitor charging by altering.
the width of the charging pulses rather than their nunber. If the magnetron

EY

out put pul se repetition frequency38ne out put pulse length.are kept in -{;}

i nverse proportion 10 -when changing from one range to- another, the e
desired nean magnetron current wll not alter fromrange to range. However,

if thut irothaivedhamiasm, dontespgectivalidt e isuslsn) grexkffe as to be
~settable by the range switch so as to control. nean rmagnetron current at

di f f qugeritn, Bhis dpsprasyiviientes] whavled 'schasamsinm ngxearcaﬂm::rtange setting. So far
as 1s known, previous radar quapnent for use on small boats has not used
| ess finqgn arg unahabiddmad sunpp

descri bed above are- capable in practice of giving power 20 _ consunption of
about hal f. t Hits ShRWd he Gpracediatad thaksttdn iemntapbitisdkince it nakes

ﬁt/\ﬂe é‘_resent és%%;ﬁe?i@as%ﬁsde\éﬁjplr%u t{__oc!r;é:a yer ![%{ étef:r}:uorrl_i.)ecrhao];‘glsnrgaI | boats -

' by altering the_W1dth of the chargihg-pulses rather than
their humber. |

| - If the magnetron output pulse-repetition frequency:

and outpdt.pulse length are kept in inverse prqportion

iO 'when"éhanging from one range to another, the'deéired
mean magnerron current Will hot alter from range to
range. However, if this.ié ndt the case, control circuit
180 is'désigned’sq as to Be settéble by the réhge switch
so as to control mean magneﬁron current at different,

15 appropriaté, levels depending on the range éetting.

So far as is known, previous radar equipment

for use on smali boats has not used less than 48 watts
power. The various power'saving.featurés which have been
describgd_above are capable in practice of giving power

20 consﬁmption of aboﬁt'half*this much,'which is a very
substantial advantage since it makes the present system :
feasible for use on a very 1arge.number of small boats
whése pbwérISupply'SYStems ﬂould nbt'be adequate to
'power prev1ously available radar equlpment. Further,

25 - this reduction in power consumptlon may be achieved even

rVQikaqnn&mthnnhrﬁPMRxngHRQWQWHch have been .



power consunption nmay be-achi eved even -40- using a 900 deflection

reat her than a 50[err]deflection CRT as is comonly enployed in small boat -
radar . -41 - CLAIMS: 1.- A radar equipnent conprising a display unit and
a scanning unit whi.ch are adapted. for location renotely fromand - : _
i ndependent |y of each other and are|iskag together by an insul ated .
eRectrical cable which 5 includes several conductive cores; the scanning
uni.t having au&ﬁfagt abbgo Béﬂec%’@bﬁhcn‘lrng!a{!ﬁ% +A8n 20t 6§RagaE{ 2DUEGENT
radar pul se devel Opnent circuitry coupled to the antenna arrangenent to
enabl e transngaei @8 95 cafAbnRY! eRP1oPEE LRCSMNEL BbhEULhAY¥ral SO coupled to
.10 . the antenna arrangenment for recelving returned radar pulses;  the
pul se devel opnent and receiver circuitry being coupled to conductive cores
of the cable by rotation-accommodati ng connecti ng neans, and wherein at

| east .some of the conductive cores carry d.c. 15 ‘signals generated
in the display unit and effective to : - o

ﬁbmer previously avail abl e radar equiprment. Further, 25 this reduction inj

,



rol, in accordance with their d.c. |evels, ;;?TEBTE“DafaﬂeLeLg‘of the *

devel opment ~and/ or receiver circuitry and,J w’ upon one or
of said d.c. "signals, pulse signals which ' ,’”’@ ULE’)i on 20 -
Aftra s

between the display unit and the scanning unit. 2. prent as
claimed in claiml1, wherein return radar pulse signals are carried fromthe
- 42 - receiver circuitry to thg di splay unit superinposed on a said d.c.
signal which controls fromthé& ﬂsplay.unit a paraneter of the pul se

~devel opnent and/or receiver circuitry. 5 3. A radar equi pnent as clai ned
in claimICLAMS=in there are superinposed upon respective ones of said
d.c. signals, returned radar pul se signals fromthe receiver circuitry to
the display unit and trigger- 10 pulse signals from the display wunit -
to the radar devel opnent -.circuitry. A radar-gqui nment gs clainmed in

claim 3, whereitr fnh&2daL; fatPpme (éhmpr%ﬁﬂgﬁ;a tgRLRE unife 15 _
_ . d. i . aar= 5T Bl ¢ ad
caui pront 9 ooy ety GRRE VBom A5 ahelttd) WPl 38BRsa8e i

signal s afﬁéﬁ%ﬁgii from and independently of each other and are

iz
L

linked together by an insulated electrical cable which
5 includeS'several'conductive cores; the scanning unit:
having a rotatable 'part which inelﬁdes an antenna
arrangement, radar.puise'déQelopﬁent circuitry coupled
to the antenna.arrangement to enable transﬁission of
.radar pulses, and receiver circuitry also éoupled to
10 the éntenna'arrangemgnt for receiving returnéd radar
pulses; the pulse development and receiver circuitry -
being coupled to conductive cores of the céble by
rotation-accommodating_connecting means; and wherein
at  least some of .the_ conductive cores carry d.c.
15 signals geﬁerated in the displaj unit and éfféctive to
cqntrol, in accordanée with théir d.c. ievels, variable
:;parameters of the pulse development'and/or recei?er
dircuitfy and, superimposed upon one or more of said
d.c. signals, pulse signals which require tranémission

20 between thé'display unit and the scanning unit.

2.' A radar equipment as claimed in claim 1,

wherein return radar pulse signals are carried from the



20 i nposed upon a d.c. signal -which controls the width of the ras ulse{l%?i)
devel oped. 6. A radar equi pnent ‘as clained in any p:mumn“@“‘l\wwﬂherei
a further conductive core carries a d.c. 25 receiver|igan sl gnal
fromthe display unit to the receiver gi$§uLtry, and a sea clutter pul se

signal is superinposed thereon. -43- 7. A radar equipnent..as claimed in
ary " preceding cl aigeeWhgkeel raull ¥riN8e €ABAUELPYSy COA EL CREpEREMFoNES | SHi C
Ayl se signal whose repetition rate’is indica- tive of speed of rotation. of

the rotatable pari, sand @.&. sideadivigdmidonitrpllss€romgone of sptagainit.

peri od, each heading nmarker pul se signal being superinposed on one of said
periodi ¢ pul se si gngaramkztem ofidéheepuilisee de vasl cpgmeintecandy art areweivend 10
7, conprising neans at the display unit for separately utilising the o
speed indicativecisicgddry.to control rotation rate of a CRT scanning beam
t herein, and the headi ng nmarker signal for displayi.ng a heading mark on the
CRT. 15 9. A radar equi pment as clained in claimi1, wherein one of said

d.c. S|gnals_conprols %Qe Oﬁr¥£8a9féquipment as claimed in claim 1,

wherein there apefsuperimﬁosed,ubon'respective ones of -

.said d.c. signals, returnéd radar'pulse signals from

the receiver circuitfy to .the display dnif and trigger
'ﬁo pulse"signals from the display unit to the radar

development Circuitfy.

4. A radar equipment as .claimed in.claim 3,
wherein the returned radar pulse - signals ‘are
15 superimposed upon a d.c. receiver circuitry tuning

signal.

5.' A radar equipmeﬁt as c¢laimed in claim 3 or
claim 4, wherein the trigger pulse signals are super-
.20 imposed upon a d.c. signal which controls the width of

the radar pulses developed.

6. A radar équipment as claimed.in any precéding

claim, wherein a furthér conductive core carries a d.c.

25 receiver gain control signal from the display unit'ﬁo
the receiver circﬂitry;'énq a3sea clutter pulse éignal

is superimposéd thereon.



a) ransmtted radar pul se width 20 _ | b) charging of a capacitor

e dyed for generat- ing a radar pulse, and“c) interval between _
rangni ssi on of a radar pul se and comrencenent of fﬁmﬂuﬂlmu“ﬂmum 10. a
_ ar equi pnent as claimed in claim?9, wherein sallgtighell AplliEdilgeal s
settabl e by operation - 44- of a H38nge switch at the display unit, which

switch further. sets the ~display unit for operation at different -
ranges, and features a), b) or c> are set appropriately for said differeni
ranges. 5 11. A .radar?equf prRdAr RARIRMRY 35 TIHiBRd 1hy PreKedinghe

. features referred,tp in claim1l ar sg&ftan L al | s herei nbef ore descri bed
with reference t%l?ﬁ%’a 2’8%5?&&9%&" -eﬁgséor?c_llué{tf‘ve dore cart fes a. o
" periodic pulse signal whose repetition rate is indica-
tive of speed of rbtation of the rotatable pa?t, and a
5 heading marker pulse signal of longer period, each

heading marker pulse signal beiﬁg superimposed on one

of said periodic pulse ‘signals.

8. A hadar equipment as claimed in claims 6 and

10 7,”c0mprising means at the displa& unit_for_Separately
utilisiﬁg the speed; ihdicative .signal_ to control
rotation rate of a CRT sganning_beam therein, and the

heading marker signal for displaying a heading mark on

the CRT.
15 :

9. A radar équipment’ as claimed in eclaim 1,
wherein one_of said d.c. signais controls one or more
of: _

a) transmitted radar pulse width

20 b)  charging of a capacitor employed forléenerat-
ing a radar'pulse; and. |

c) linterval between transmission of a radar pulse
and commencement of feﬁture_b). o

25 . 10. A radar equipment as claimed in claim 9;

wherein said one d.c. signal is settable by operation



(fff\*'.
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of a range switch-ét-thé display unit, which switch
further sets the display wunit for _bperation at
different ranges, and features a), b) or c)- are set

appropriately for said diffefent ranges.

11. A radar_equipment as ciaimed in claim 1, and
in which the features referred to in e¢laim 1 are
substantially as hereinbefore described with referencé

to tﬁe accompanying drawings.




