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RADAR/EQUI PMENT This invention relates to radar equipnent. In partji Ié},
enti on seeks to reduce the -power consunption of é}(hﬁqéidﬂﬁg nt

habfe for use 5 on small boats. On snall boats, the standard form of
power supply is a 12 volt battery charged fromthe propul sion notor of the
boat-, or froma generator notor. The capacity for generating and storing

power is very restricted and it is generally -not regarded as worthwhile, 10 f“
and perhaps not possible to increase the generating and storage capacity '
nerely to accéﬁﬁﬁﬁ%@@qﬁﬁ¥§¥5uirenents of a radar equipnent. Accordingly,

i tice, th a mber _of | boagts wh fety of -
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and control Ciychdr ISy Ald & 19 ¢ereepheastgethacbbldsron the
propulsion motor of the béat, or from a generator motor.
The capacity for generating and storing power is vefy
;estricted.and it is generally ndt regarded as worthwﬁile,i
10 and perhaps not possible, to increase the genefating and
storage capacity mefely to accommodate the requirements -
of a rédar equipﬁent. Accordingly, in practice,'there‘
are a large number of small boats whose safety of opera-
tion woula benéfit éubstaﬁtialiy from.the installation
15 of radar eéuipmegt-but which do not have.it because
equipment of sufficiently low poWer consumpﬁion is not
avﬁilable. | | | | |
Accordiﬂgly, for many years efforts have-been
" made to reduce .the power consumption of rédar'equipment
20 and the present invention représents a_further step in
that direction.’ o
'Broadly, the present invention provides a radar
equipment comprising a CRT display and a:radar pulsé
| generating system powered from_a”éommon power supély,

25 and control circuitry operative to cause beam-deflecting



-2:%curtent for the CRT di splay, and current for the devel opnent of a raiii)
pul se, to be drawn fromthe comon pomer supply during respective interv
whi ch do nat overlap in tine. 5 The defl ection of the CRT beam
whi gh i s done at very high speed, and the drawi ng of current for devel op-
ment of a radar pul se, are two of the higher current- consum ng factors in
t he 'operation of a radar equi pnent and, by avoiding drawi ng both currents
sigul t aneously, 10 power -1 osses within<lI -power supply and within the
common parts of the conductive paths which connect the power supply to the
CRT and to the radar pul se devel opnent system are reduced, with a -
consequent reduction in overall power consunption of the equipnment. 15
Al'so, it is theurpeattfor thedeRTydliddlayr @nd rqufmentsafosfeleory
operati on when the power supply voltage is about 10% below its nornal |evel
(e.g. 12 vol t sdev@hepmedticbifor madpealowlse erito dunsirgwn ofremhtkeed by
non-overlap of the above two currents reduces the 20 proportion of this

mar gi n whi ch i ¢ombenr bewely suppd Yl siudnamespretive clntexvabasvhicht is

pl aced on the design of the circuitry. Also, since the high energy

_transitions ingel el pPHerdpicilfoti®er gi ng do not occur while the receiver/

25 CRT scan are active, the internal filterin reqU|red
5 The deflection of the CRT beam, which is done at

very high speed,_and.the draw1ng of current for develop-
ment of a radar pulse; are two of the higher current-

(t: consuning factors in the oéération of a radar equipment

- aﬁd,'by'aVoiding drawing both currents simultaneously,

10 Dpower losses within the power supply aﬁd within the cbmmon
parts of the conductiv?_paths which connéct the power
suéply_to the CRT and to the radar pulse development

~ system ére reduced, with a consequent reduction in-overall
power consumption of the equipmeht.

15 _ Also, it is the:pradtice tc'design all circuitry
for satisfactory operatioh_when the power supply wvoltage
is about 10% below its norﬁal level (e.g. 12 voltsfl
The redﬁction in peak current consumption achie&ed by
non-overlap of the above two currents reduces the

-20 pfoportion of this margin which is absorbed by line
losses and therefore less conStraint is placed on the
design of ﬁhe circuitry. -

Also, since the-higb-energy transitions involved
ih capacitor charging do not occur while the receiver/

25 CRT scan are active, the internal filtering réquired



o prevent the fornmer interfering with.the latter can be sinblifﬁéﬂ, ’

,'~g~cost. In order that the invention may be nore 5 clearly
stood, a preferred enbodi ment will now be described, by way of

| e, mnth reference to the acconpanyi ng dlagrannatlc dr awi ngs. -4-
‘1"t he acconpanyi ng drawi ngs, which are dlagranna tic:"Figure 1 shows the
- -conponents which are located in the display unit', 5 Figure 2 o
A

shows the conponents which are |ocated w Lhin t he’ scanning unit, the N
conponents in Figure 2 being linked to. tfiose in Figure' 1 by conductors as
i-ndi cated, Figure 3 i's a timng diagram show ng the various waveforns that
occur-in various parts'Of t he circuirry 10 these being identified by

Lo [nal el REENETCEUR, EPieE Hitet FE-1RE" z'ﬁ?-éﬁ.t?“ey FEhFe ] ana 2

and be 51mp11f1eq, saving cost

In order that the invention may be more
5 clearly understood, a preferred embodiment will now be

described, by way of example, with reference to the

L

aécompanying diagrammatié drawings. ..
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& A c . . . _ : :

Figure 4 shows.in nore detail the circuitry which 15 is used for storing ’
thé energy required to fire the nmagnetron, and for firing the nagnetron, aéigy
nmore generally illustrated in Fi gure- 2. GENERAL .DESCRI PTI ON Before :
referring to the_ structure and operation 20 of the circuitry in any '
det ajT3 "the general principles involved will first be briefly described
with\reference to Figures 1 and 2 so as to assist in an understanding of

t he“det ai | ed expl anation that will follow The radar operates continually
in repeated cycles, 25 at 1000 or nore cygles each second. - At the
begt nni ng of each-cycle a very brief (for exanple,' between 100 nano-

~seconds (ns) and 1 mcrosecond [err] pulse of very high frequency energy

(for exanple at about 9450 MHz) is generated by a magnetron 2 (see Figure

2) and this pul se 5In ¢hemgeegmpanyindgsdravéngsromhtilch tareghiagragma-
section 4a of a scanner generally indicated at 4. The transmtted pulse is-
refl ected frb&Fany objects which lie in its path and the reflectéd pul se or
pul ses, which may be referred to as echoes, are received at.the receiving
section 4b of 10 tRé9¥&hrdershovwa khecroBPONgBkS: Mhirh e deerbeds,

~converts the received very-high frequency -echo. pul-se.to a dempdu).ated

L]

in the display unit,

5 ' Figure 2 shows the components which are located
within th; scannin§ unit, the components in Figure 2 being
linked to those in Figure 1 by conductors és'indicatéd,

Figure 3 'is a timing diégrém showing the various
waveforms that occuf in varioﬁs parts of the circuitry,

iO these being identified by reference letters in the Figure,
and the same reference letters beihg used to indicate
where the waveforms occur in the circuitry of Figures“l
and-2, and '

Figure 4 shéws.in more detail the circuitry which

15 1is used féf storing the energy required to fire the
magnetron, and for firing the magnetron, as more generally
illustrated in Figure 2. |

GENERAL DESCRIPTION

Before referring to the structure and operation
20 of ﬁhe circuitry iﬁ any detail, thé general principles
involved will first be briefly described witp'reference to
Figures 1 and 2 ‘so as to assist in an undérstanding of
the detailed explanation that will follow.
Thé-;adar operates continually in repeated cycles,

25 at 1000 or more cycles each second. At the beginning of

-’
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o\si gnal which is applied to the video input of a cathode ray-tuﬁéf *

] which is shown in Figure 1. 15 The beam of the cathode ray
ans fromits centre out to-its periphery, the scan beirng comenced
monment when the pulse is-transmtted fromthe scanner. The video
signal fromthe received echo bright- ens the scanning spot when it has
travel l ed a distance 20 proportional to the distance of the object which.
caused the echo. Consequently, as the spot nmakes a single sweep radially
away fromthe centre 'of the tube face, 8b~ ght points occur on the display
at radial distances proportion- al to the distances away fromthe scanner 4
of any objects 25 which have caused echoes of the original transmtted.
-6- pul seehehbeycliairaedety bitefedEor rykagsle prbetweba 10dNARIno-The
scanner 4 is directional, and consequently .any individual transmtted pul se
will onl yspeosidee (emh)oemn& 1 ‘nietoskicetids (WeXxh putsal ofig vy B&ayn ng on
whi ch that pulse wastransmtted. |In order to obtain on the face of the CRT
8 an indi fatiguendy tdwefgnt (for eixanipld @t nmiadhtd9450t MHzy drsound

t he' scanner 4, the scanner is continually rotated by neans .of a -notor M
(Figure Zyeﬂxeraméchtby he mageretirom Zhd sest Figunge c?) | and0 thiisypud €8

5 of energy is ﬁranSmitted from'the't;ensmitting section
4a of‘a.ecanner generally.indicated at 4.- The transmitted
pulse is refledted from any objects which lie in its path
and the refleeted pulse or pulses; which may be referred
to as echoes, are received at the receiving section 4b of
10 the scanner.4. _ .
A receivef, generally indicated at 6, converts the
. reeeLVed very hlgh frequency echo pulse to a demodulated
video 51gna1 which is applied to the video 1nput of a
cathode’ ray tube (CRT) 8 which is shown in Figure 1. '
15 : The beam ef_the cathoae ray tube scans from its
centre out to its.periphery; the scan being commenced
at the mement when the pulse is transmitted from the-
scanner. The v1deo 51gna1 from the received echo br1ght-
ens the scannlng spot when -it has travelled a dlstance
20 proportional to the distance of the object which caused
the echo. Copseqﬁently, as the spot makes a single sweep
redially eway from-thefcentre'of-the tube face, briéht
points occur on the disgla& at radial.distances-propertion_
al to the distences_ewax ffom the scahner 4 of any objects

25 Wwhich have caused echoes of the original transmitted
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of ®he #3RT 8 are rotated around the axis of the CRT by neans of a further
mpteor M2, the nechanical |ink between the coils and notor M2 bei ng shown
a*broken line 12. The rotation of the notors is kept in synchronismso tha
15 whenever a pulse is being transnmitted in one particular direction the
CRT,spot is-always travelling in a correspond- ing angular direction on the
faQe of the CRT. As the scanner rotates, each successive pulse is
tLgnsn1tted in a- sllghtly di fferent angular direction and the angul ar 20
position of successive' scans on the CRIT=s@reen is similarly increnented,

~due to the'synchronismof the two motors. The scanner and the CRT coils -

rotate of the.order of once per second (the notors being geared down as
necessary tﬁuﬁEB'%%EHveﬁtﬁEEear@bpﬁﬁépﬁebeﬁ%ﬂﬂy3é@gEfEH EEES'StS 25
|n | um nescence for at least this long, so-that- 'to the eye -7- the large
"plurality gkalhesgit spots appearing on each of the' angularly increnented
sequence of scans on the tube face:forma conplete picture .of the

“radar-reflecting fealeursRfanMi €My sus r@updcthenaagnegia e%nsequentlﬁbrnal ly.,

It is required-for:the.CRT screen display to be-able to showthe

~ surroundi ngaAyeandl vdiddr ataseil €6ed palsexwinlle on e prodigat é8§oks

restricted conditions, such as enteri'dg a ‘harbour, it nay be desirable
5 from objects which lie along the bearlpg on which that

pulse was'trahsmittedn In order to obtain on the face-
of the CRT 8 an 1nd1cation of the features Whlch lie in
all directlons around the scanner 4, the scanner is
contlnually rotated by means of a motor Ml (Flgure 2)

10 and at the same time the scanning coils 10 (Figure 1)
of the CRT 8 are'rotated around the axis of the CRT by

. means of a further motor M2, the medhanical link between

the c01ls and ‘motor Mzibelng shown by a broken line 12.
The rotatlon Qf the motors is kept in synchronism so that

15 .whenever a pu;se is beihg transmitted in.one particular
direction the CRT spot is always travelling in a correspond-
ing angular direction.on the faoe of the CRT. As the
scanner rotatee, each'sﬁccessive'pulse is transmitted in
a slightly dlfferent angular direction and the angular

20 position of success1ve ‘scans on the CRT screen is similarly
incremented,-due to the synchronism of the two motors.
The scanner end-the CRT coils_rotate of the.order of once
per second {the motors beinqg geared down as hecessary_to
'aohieve this}- and the phosphor on.the-CRT ecreen persists

25 in luminesoence for at least this long, so that to the eye



Yie whol'e CRT screen area to show the surrounding area 10 out td-only®
mle 'radius, whereas in open sea it may be desirable for

creen to show the area out to, for exanple, 16 mles radius., In

. to achieve such different ranges, the' speed at whi.ch the CRT spot

scqns may be changed. |t will be evident that the faster the 15 spot

scans fromthe screen centre to the screen periphery, then the closer to ..

the scanner will be any object whose inmage appears on the screen at its ot

periphery i.e. the whole screen area wil |y he occupi ed. by i mages from withi-n

a relatively shorter range around the scanner. Conversely, 20 if the beam

spot is nade to scan nore slowly, inmages appearing around the screen

periphery will be fromrelatively nore distant objects and the screen Wl
be di spl afhfglangensjarzal %ﬁNa?gabekﬁéﬁmﬁRP#%raEP@FEbPﬁr°ﬂaﬁ@§haround t he
| ocation of the scanner. A portion_ of_ the CIrCUItr in Figure 1 which
i s enpl oyeS FBevéﬁgutllﬂarhét grementes, sequence @t cmaaacen- €eneral |y
indicated, at 1 hort ran i,s- desirapl e for-the pu :
transmtt® Fr ﬁPFh %@t?%‘ﬂptﬁtﬁewrﬁlo‘? %aﬁgéaat'ﬁénﬁﬁne;?éﬁt%r e
will be sybstanti:al- of defrg % .~ onthe CRT display, since a long
recei ved %ﬂ “ﬁﬁ&l&h&& rﬁFfﬁ%?n bﬁSﬁﬁﬁqﬁﬁrTadlal di stance on the very
5 ' Normally, it is required 'for the CRT screen

dlsplay to be able to show the surroundlng area on dlfferent
scales. 'For example, when navrgatlng in restricted
condltlons, such as enterlng a harbour, 1t may be desirable
for the whole CRT screen area to show the surrounding area
16 out to only half a mile'radius, whereas in open sea it
ﬁay_be desirable for the”screen to shoﬁ the area out to,
for:example, 16 miles radiust' In order to achieve such
'different ranges, the'speed at which the CRT spot scans
may be'chahgeaf It will be'evident that the faster the
15 spot scans from the screen centre to the screen perlphery,
then the closer to the scanner will be any Ob]ect whose
image appears on the screen at its perlphery i.e. the whole
screen area will be occupied by images from within a
relatlvely shorter range around the scanner.: Conversely,
20 if the beam spot is made to scan more slowly, images
appearing around the screen periphery will be from relatively
'more:distant objects and the screen will re'di5p1ayin§.an
image of'an”area extending for a greater range arouﬁd
the location of the scahner.l-h portion of the circuitry

‘25 in Figure 1 which is employed to vary the rate of scan on
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f ast - novi'ng scanni ng spot. At |longer ranges, |onger pul ses are desirablg
tQ/BToduce a | arge enough bright spot with the spot travelling nore slo y?b
and it is further 10 advantageous to use |onger pul ses at |onger ranges\io
i ncrease the nean energy receivable in the echoes, which tend to be far

wea froem di stant objects than they are fron1near objects. The circuitry
of Figures 1 and 2 contains conponents which vary the width of the
tkansmtted 15 pul se such as to match the 'range, or spot scanning speed,
currently being used at the CRT. To enable the 'user of the radar to
estimate the distance of an object represented by an image on the screen,
it is conmmonly required for the screen #0828 continually display a
plurality of rings concentricc about _its centre, _and. equally spaced.
Gircuitry: f & cﬁ#@ﬁtﬁ%sﬂepﬁﬁi;HXI%ﬁﬁfﬁﬁ%ﬂ@n@ttﬁg -scanni ng spot at
equal intervals as it travels away.fromt sgree centre_is eral ly

i ndi cated at 14 in &% gther "i range g ity lf%r‘f E’FI %Pﬁ' kB %fersegw red

vy oo S0, 85 Flbine ot BT BASSLY ehbet e ALk

-rea i med ghSlobise ML BI° RSO EEDL" £081 08 SR,
5 on the CRT dlsplay, since a 1ong received echo would
extend over a substantial radial ‘distance on the very
‘fast-moving scanning:spot. At ionger rengee, lenger pulses
are.deéifablexée produce a large enough bright spot with
the spot tra&éilind more slowly, and it is further i
10 advantageous to use longer pulseé at longer fanges to
increase the_mean enerqgy redeivable in the echoes, which
tend to be far weaker from distant objects than they are
from neaxr objedts. The circuitry of Figures 1 and 2
contains components which vary the width of the transmitted
15 pulse suchlas to match.the range, or spot scanning speed,
currently being used at the CRf. |
~ To enable the user of the radar to esﬁiﬁate the
. distance of an object represented bylan'image on the |
screen, it is cohmonly required for the screen to.
20 continually displey a plurality of rings concentric about
its centre, and equally spacea; Circuitry for producing
these ringe by 5rightening the scanning spot at equel

intervals as it travels away from the 9creeh centre is

generally indicated et'l4 in Figure 1.



T s norhally undesirable. To avoid this, the gain of the recei ver *
_ i's substantially reduced-during the initial portion of each sweep
S0\t the screen centre area is reduced in intensity. The portion of t-e

10 ~<€ixcuitry for achieving this is generally indicated at 15 in Figure 1.

A Hgtail ed description of the circuitry and its operation now foll ows.

RADAR PULSE TRANSM SSTON 15 A pul se repetition frequency generator
16 generates a square wave signal at a fixegl frequency of 4000 Hz. The - &

signat is shown. at Ain Figure 3. This is applied to a divider 18 having
out puts at. whi ch freguencies of 4000 Hz, 2000 Hz, 1000 Hz and 500 Hz 20.

are delivered, seq vaypiRew FacBli€yibmmally degwi¥ed g82h D at 500 H
is applied to a nonostabl-e circuit 19 which i.n" response generates pul ses E

for applicapleniied™S&h’ @1UuBPekeNERF o1 SU Tn2Q oyt Rre SBKeRE & known
design and which via line-22 applies.a volt-age of several kilovolts 25 to -

72 o0 SR il iy st SaTeke besboti Goge U T
will be'a%ﬁﬁ@éaﬁgiéfFQEHﬁggmhnd th1§_;eg§1ts in.§q érgi.ﬁwmgdiately
5 .surroﬁndiﬁg fhe screen cedﬁie.béiﬁg-coﬂtihﬁaii§-bright,
which is ;ormalif unaeéirablét To avéi&_this, the gain
of the reéeive;.cirbuitry is sﬁbstéqtﬁally reduced during
_the initiai'pqrtion of éach”sﬁéep so thét'ﬁbé”screg#-
' centrelarea is reduced in intensi£y. The portiénléf the
10 ciréuitry for a?ﬁievipg-this is generally indicated at
l15_in Figg;e 1;-“ |
A detailed descriétibnlof the.éi:qgiﬁry_and“_;
its operatioh ﬁow follows.

- RADAR PULSE TRANSMISSION -

15 - A pulse repetition freguencyigenerator iﬁ_a
generates a square wave signal at a fixéd frequency of
4000 Hz. -The signal is shown at A in Figure.B. This
is applied to a divider 18 héving outputs at which
'Ereqﬁenciés of 4000 Hz, 2000 Hz, 1000 Hz and 500 Hz

20 are delivered, see wé#eforms A;-B, C and Diin Figure 3.

| Signal D at Sdo Hz is applied to a monostable circuit 19
which in response generates pulses.E for application fo an
extra high E?nsion circuit 20 which may be of.known design

—_2nd which via line 22 applies a voltqgé of several kilo&olts

25 to the anode of CRT 8.




of ® he 0l | owi ng explanation that it is signal Cat 5 1000 Hz which 'is (;2§V
bgimg sel ected by range switch section 24a (this would be "appropriate for
the | ongest two' ranges available, 8-nmiles and 16 niles - see- under "Range
Changi ng' below). Throughout the circuitry there are further range switch
'secytons 24b, 24c ard 24d and 'all 10 these sections are- ganged toget her
so_that when the range switch is operated sinultaneous changes are nade at
vari ous points in the circuit so as to adapt it for operation at different
ranges. They are shown set for the 8 mle range. 15 - The | eadi ng
edge of signal C causes a-nonostable citcupt-25 to generate 'a trigger
pulse F which is delivered on a line 26 to a three [err] delay circuit 28.
The purpose of the delay will be explained |ater. After that del ay,
circuit 28 delivers a signal R having a.20 rising edge which when applied.
to a nmagnetron pul 38¥Ynicheh ¥HnSieRBILE éior@uiatnds&affﬁbg’?ts?beﬁ'éﬁérate a
firing pulse S whose length is_adjustable in a manner which will be

descri bed b&EFSW, theneutnitg ofdévider 3 hvedeans ehid cFdRgecircuit 32
whi ch discharges a capacitaor, 34 25 whiich has. previously -been charged to
_appr oxi mat ePY1868 Sectdon 243e nﬁﬁn@?lﬂnhﬂﬂQﬂFuWQQsf%#wﬁ%ﬁn@uFE°se '

accomplishedewi il B8 148852t LRLSLE s EIF QWL e LI T IR, gdlpo of 2

5 1000 Hz which is being seiébted by ranée SWitéh section
24a (this would be appropriatg for the longest two ranges
available, B miles and 16 miles - see under "Range |
Chaﬁéing“ bélow); Thféﬁgﬁdﬁt the ciréﬁitrynfhere.ére.
furthér'range switch sections 24b, 24c and.24d and all

10 these sections are gaﬂged together so that when éﬁé rénge
switch ié oéerated simultanédus changes afé-ﬁ;dé at.

.vafi@us.pOinfsxiﬁ;thétcircﬁit'so as ts.adapt-it'for

6péf&tion.atidifferent faﬁges: ”They-are shéﬁﬁ set for the
8 mile range. o o |

15 The leading é&ge of.éignal C causés a.ﬁonostable
circuit 25 to generate a trigge? pulse F which is deliﬁered
on a line Zsito a thfeé.ﬂsedoﬁd deiéy circuit 28. the
purpbse of the delay will be expiained latef;. After o
that delay, circuit 28 delivers a'Signél R having a |

20 iisihg edge which Qﬁen applied to a magnetron pulse width
mbnostable circuit 30;causes'i£ to genérate a fifihg pulse
s whose'lehgth is adjuééable'in:é manner which will be
described Selbw. The firing pulse S isuépplied tb a
sﬁitching circuit 32 whiéh discharges a capécitor'34

25 which_hés previously been charged to‘approximately 300 volts



tJransformer 36. This causes a voltage in the region of 2 kllovths »
“¥nduced.in the secondary of 5 pul se transfornmer 36, whi.ch voltage
\s /appl i ed across the magnetron 2 which "emts a very brief pulse W of
énergy at 9450 MHz, or thereabouts, for transmission by the transmtting
sedti.on 4a of scanner 4. The length of the pulse transnmitted is variable
"by ¥he above-nmentioned 10 -adjustnent of the length of the firing pulse S
applied to the switching circuit 32. A 30 second delay circuit 37 preventsk/
transm ssion of the trigger pulse_’ durlnf 30 seconds after the circuit is
first switched on, to ensure that magret¥bn=2 has 15 warmed up before
firing pul ses are first applied to it. CRT SCAN The spot on CRT 8 should

start its scan fromthe centre at fhe i nst ant when the ulse is transmtted
from scanfbhesmangen 4 svhirh Jbiish chad B39tk sacsopplis Mieked in a

38 whose éf‘gé“s!c‘g%qﬁﬁ%@%?r Errcuiatk °V'€3§mﬂ¥z?§i‘5§a§%&s oﬁé’%’ &5 moro-
P LA LRt e S MU T TR A
scan COIlrgBH%%ro Qukilovolts to be 1nduced 1n the secondary of
5 pulse transformer 36 whlch voltage is applied across the
magnetronjz Wthh emits a very brief pulse W of energy
at 9450 MHz, or thereabouts, for transm1351on by the
transmlttlng sectlon 4a of scanner 4 The length of
the pulse transmltted is varlable by the above—mentloned
10 adjustment of the 1ength ‘of the firlng ‘pulse S applled
'to the sw1tching c1rcu1t 32.

i A 30 second delay Cchuit.37.prevents transm1551on
of the trlgger pulse durlng 30 seconds after the c1rcu1t '
is first switched on, to ensure that magnetron 2 has

15 warmed up before firing pulses are first applled to 1t;
CRT SCAN - | ”
The spot on CRT 8 should start itsscan from the
centre at the instant when the pulse is transmltted
from scanner 4. An adjustment which enables this to be
20 _achleved in a manner which will become apparent, is
prOV1ded by means of a delay 01rcu1t 38 whose delay 1s
adjustable between about 1. 5 microseconds and 4 5 mlcro—
seconds. The leading edge of 1000 Hz pulse C emerges |

from delay circuit 38 (waveform G) and is applled to a_

25' range period generator 40 and to a scan coil driver circuit

v



42. *hi s Causes the range period generator 40 to start produci ng an out put
mawé?brn10 at a preset frequency and causes the scan coil- driver circuit -
42 to start producing a trace period -pul se (waveformH), This 5 is a

constant vol tage pul se (derived froma power supply 110 via connection x-x)
and i7" applied through an inductive scan speed control circuit 44 to the

1

scanning coils 10, which results in a linearly rising current (waveform 0)
t hxough the scan coils so as to produce linear deflection of the CRT beam
10 Circuit 44 conprises different inductance values which are sel ected
automati cal |y, t.hrough |inkage-of the ciccybtwith the range switch, such

-~ that the total |nductance of circuit 44 and the scanning coils 10 results
in the gradient of this ranp signal -and the consequent speed of the 15
scanni ng spot on the tube face being appropriate to the range setting
currently in4de. This chusalsothe ixange| period gemendixonrt4@ tpostbedi ns
to scan fromthe CRT centre coincident with t.he | eading edge of waveform G
Si nce the timradutingeaheouitpyte mpveformyof atm2 Ppredeat akifeguancy by

adj ustnent of delay circuit 38, the conmencenent of beam scan can be nade
coi nci dent wiand teamses sthenser ankl pdrivew cipegwddi 142 tofstastii xed 3
[err] delay on pul'se Wenables adjustnment_of circuit 38 not only to retard,
but al so to RRGReingha tracegRerioa pukeeciWavefiors ibh r eFTAisve to

radar .pul se transm ssion,
5 is a constant voltage pulse (derived from a power supply

110 via cbnnection x-x) and ié applied through an inductive
~ scan speed contfol circuit 34 to tﬁe scanning coils 10, which
‘results in allinearly rising current (waveform Q).tﬁrough the
scan coilg’so as to produce linear deflection of the CRT beam.
: ) 10 éircuit 44-comprises different inductance vaiﬁes which are
selected automatically, through linﬁagejof the circuit
with the téhge switch, such that the total iﬁductaﬁqe
of circuit 44 and the scanning coils 10'résults in the
gradient df this ramp signal and the consequent speed of the
15 scanning spot on the tube face being appropriate to the
range sefting'currenfly in use. From éﬁe'above, it will be
evident that the spot_bégins to scan from the CRT certre
coincident with the iéading edge of waveform G.
Since the timing of the leading edge of waveform
20 G is adjustablg by édjnstmeht of delay circuit 38,.the
coﬁheﬁcément.éf'beam SEén{caﬂ be-ﬁaée coinéident with
transmissio;'of radar pung'W. .Impbsition 9f the fixed
3 s deiay on pulse W enableg.adjustment df.circuit 38
not only.to retard, but'also to advance, t@é timing of

25 beam scan initiation relative to radar pulse transmission,



ke

beam
range per.

unit, 5 fromone installation to another. The duration of -the

and ei t her may be necessary in a particul ar |nstallat|on to conpénsat¥e
eflictable "timng errors caused by conponent variations, and
in the length of the cable connecting the 'display’unip and t he

scan is controlled as-follows. - The fixed frequency pulses 0 from

I od generator 40'are' applied to a divider 46. This has a

pIurallty of outputs for different diwsidnratios and -10 the outputs are (2
'sel ectabl e by neans of a range swi.tch section 24b. The division ratios at
the different outputs of divider: 46 ar-e. nade such '"that, in conjunction

d t d fi t 4 t
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"tinmes at
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1 he diff ds yhich | |
expl ai ned BPERERRE orathatiaRbe and oAt faRs 28, Fhv; Bt tohe o

expl ai ned
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its const

10
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dvb?&.gn-lt 8’)" anq‘{%g?%%%%d 19! %ﬁf 40 to termnate its operat | on:

erorm

€ Scan COI vet ‘circuit 42"to term nate
ant Vm‘fﬂ&?&ﬁ@QH&oﬂ”c&?tbe CRT beam scan is controlled

as follows.  The fixed fredquency pulses O from range
period generator 40 'are applied to a divider 46. This has
a plurality of outputs for different division ratios and

the outputs are selectable by means of a range switch

section 24b. The division ratios at the different Outputs

of divider 46 are made such that, in conjunction with the
predetermined frequency of range period generator_40;
output pulses from the different outputs will be delivered
at timee (measured from the commencement'o£ the_beam scan)
which will coincide with the ‘times at which the scanning
spot will reach'the'limit of-its scan when travelling

at the different speeds which are selectable as already .

explained by means of the range sw1tch and the scanning

20

25

speed control circuit 44. Consequentlv, the selected
output of divider.46 deIivers a pulse'at the'noment when
the scanning spot is at its limit and this lS applied |
both to the range period generator 40 to terminate its
operation (Bee waveform 0) and to the scan coil driver

circuit 42 'to terminate its constant voltage output pulse

Ao o rie



- Tﬂ ++ thus renoving current fromthe scannlng coils and all ow ng the
sGalni ng' beamto fly back to the centre of the tube. During the beam scan
just described,“pulse H5 is alsqQ applied to a bright-up circuit 48 -
whi ch thrOughout the scan applices to the grid of CRT 8 a potential which
brings-the spot to the verge of visibility on the tube face, so that any
ngntflcant video signal applied to the tube will nmake the spot visible.
_ Duplng t he periods 10 bet ween scans of the spot, the bright-up circuit 48
keeps the tube beam suppressed so as to-aygid the possibility of burning
the centre of the CRT screen. The output . of the bright-up circuit 48 is the

constant'yo % ortlon f wavef or r%ﬁ RANGE RINGS T ra rings on
thle CRT ](cjl s&t'a% r’éﬁla Q‘FeFrué'&‘ loén g‘r}b Lo (B oh o gt e Lo i aégm scan

H
whi ch t hr ougHoGt 228 *t%“ K8hathe, S0 N EELY Balfnes %h”ga%aﬂffeif% K

at const ant H{eqagp y |ndependently of the other oscillators in the .
circuit. ThIS 1S a‘%Tled to divider 52 which again has outputs

~corresponding to difhere ghy Bl rsaéalno%mc&scribed, pulse H °°

5 is also applied to a bright-up circuit 48 which throughout
the scan applies to the grid of CRT 8 a potential which
brings the spot to the verge of visibility on thé tube
face; so that any significant video signal applied to -
the tube will make the spot visible. During the peribds.

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. The output
of the bright-up circuit 48 is the constant voltage
poftion of waveform N.

15  RANGE RINGS -

The range rings on the CRT display, 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 signél'g-at

constant frequency independently of the other oscillato;s in
the circuit. This is applied to divider 52 which again has
outputs corfesponding th different division ratios-which |
are individually selectable-by means of'range switch

25 #ection'24c. Conseqqenély after each predetermined number



g i ndividually sel ectable by nmeans of range switch 25  section 24c¢” »
uently after each predeterm ned nunber - 15 - of pulses K (the

and hence the intervening time period being settable by range switch
gn 24c) a pulse fromdivider 52 is applied to a pip generating circuit
Ych generates "a very brief pulse (waveformM which is 5 applied to
the ‘grid input of CRT 8. The frequency of ring generator 50 and di vi si on e
rati os of divider 52 are so arranged that four pip signals fromgenerator i\~
54 will be applied to the 'video input -0fisCRT 8 at equal intervals.
Consequently, since the 'tube scan rotates, the display-10 shows four
concentric equally spaced rings.. The ring positions are the sanme
irrespective of the range being enployed, since the intervals between pips
are sel ectefl pwlsasck t(the qaumbery apdeHeheendhemlmyervanihgetdinef er ent
ranges. 15 SCANNI NG SYNCHRONI SATI ON. - The nmotor ML which rotates the
scanner 4 pexriodcdéeyngowetidthlbe doyerangbedwidcth ofedthibohoadchnd pudseut put
shaft indicated by the broken line 56 carries the scanner 4 and two discs -
58 and 60.fx%modbeidexf G2neids 20ppl iedatpr adgtier gererrakimgr cirtod tedpl e

fifty, of transparent portions or apertures 62 and disc 60 is forned
which generates a very brlef pulse (waveform M) whlch is

5 applied to_the ‘grid input of CRT 8.The freguengy of ring
generator 50 ‘and division ratios of divider 52 afé so.
arranged that four plp SLgnals from generator 54 will be
applled to the video 1nput of CRT 8 at equal 1ntervals.
Consequently, since the tube scan rotates, the display

10 éhows.fouf concéntrié.equally spaced rings. The ring
positions are the same irrespective of the range'being'
employed,'Since the intérvalé between'piés aré selected
to match the scanning speed being-eﬁbIBY?d,at the different
ranges. - -

15 SCANNING 'SYNCHRONITSATION -

The motor Ml which rotates the 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 predetermiﬂed nﬁmber} for example fifty, of

| transparent portions or aﬁertures 62 and disc.SO is formed
- with a transparent ?ortion or cut-out 64. A light
- emitting and detecting assembly is éhpwn schematically
~at 66, for directing light towards disc 58 at the radial

25 position of the apertures 62, and detecting light which

-,

e ———



with a frénspérent portion or cut-out 64. A light enmitting and detecting

asSenbly is

shown schematically at 66, for directing |light towards disc 58

at the radial 25 position of the apertures 62 and detecting |ight which

-16- passes

through the apertures. Consequently, the output of the

dete¢ting section of assenbly 66 is a train of square pul ses as indicated
at--68--in Figure 2, at.a frequency proportional to the speed at which the

seanner 5

4 is being rotated, whihch typically would be about 1

revol uti on per second, giving a pul se frequency of 50 pul ses per second if
disc 58 is provided with fifty apertures .- 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 assenbly 69 (sinmlar to assenbly 66) when the
scanner 4 | Pafisesthrovdhr §he @perturerad Q@néeqﬂgnﬁéwds%@a

A@usEPRl ong

“the fore-and-aft axis) of the boat. . The relative orientation of discs 58

and 60 is s@&h thetdehecting sastiom af assempPlgr fedst poredn fe

L(]

.detection section of assenbly 69 each tine the, scanner passes the head of

the boat ar SRIFRS Fpbsed 8F dndisatak aheBsiBsFigRreed f Ama he - -

-synchroni satj on disc 58. This ,co

t he di spl ay
S

. ined signal i'g transnitted on line 72 to
quengy; BRORPEELRRA (?Qxﬁﬁﬁrﬁﬁﬁ?anaﬁpﬂﬁﬂﬁ%e§ sSqafpner
4 is being rotated, which ‘typically would be about 1 o
revolutio; per sedohd; giving a pulée frequency of 50
pulées pexr second if disc 58 is provided with fifty.

apertures 62. Disc 60 is so orientated on shaft 56 that

“its transparent portion or’cut-qu£'64 is aligned with

10

" 15°

20

a light-emitting and detector ésseﬁbly 69 (similar to -
assembly 66) when the scanner 4 is directed towards -the
head (i.e. forwards exactly along the foreraﬁd-aft axis)
of the boat. . Thé'relative_orientation of discs 58 and.
GO'is.such'that the single brief pulses 70 derived from
the detection section oftassémbly 69 each fime the scanner
passes the hea& of the boat are supefimpﬁsed on one of the
pulses 68 defived from the ;ynchronisatidn dié¢ 58. This
combined signal is transmitted oﬂ line 72 to the display
unit. In an alternative.constructign apertures 62 and
cut-out 64 may be in a'single'disc;'

At #he'diéplay unit, the combined signal is applied
to a motor drive'circﬁif 74 whicﬁ amplifies the received .

pulses and applies them as a driving signal to motor

M2, which is a synchronous motor. Consequently, motor M2,

25

if designed to rotate ‘its output shaft once for every -



ZO0xctxout 64 may be in a single disc. At the display unit, the conbihed. bt
signal \is applied to a notor drive-circuit 74 which anplifies the received
pulls and applies themas a driving signal to notor M2, which’is-a

Khronous notor. Consequently, notor M2, 25 if designed to rotate 'its
out\p¥t /shaft once for every. -17- fifty pulses received, wll rotate the
coils 10 at the sane speed as scanner 4 and correspondence bet ween .t he
positions of the two will be maintained. = It should be noted that because ‘o
t he heading pulses 70 coincide with 5 ~synchronisation pulses 68, they do -
not disturb the synchronisation between notors ML and M2. HEADI NG MARK The
conbi ned pul se signal on line 72 is: further applied to a threshold circuit

5 v o R ldD, JeatinaA, Tttt ol RISy Gl Sl on pul e
i gnal | unFERe SHAEDF AEaERER & gaa”%{é%%%%é’é%r?%ﬁ SR af( £'the
-Iovvest S ggit%_to?ﬁw%fvgfa EL'%) wlé‘rld egggggl ed atQP eo |nput of

'nd'Cat'”ﬂoEE%F%ﬂhéfﬁéégﬂ est %a%égﬁlnglﬁulses 70 coincide w1th

5 synchronlsation pulses 68, they do not dlsturb the

synchronisation between motors M1 and M2.

HEADING MARK - -

The combined pulse signel on line 72 is further
applied to a threshold circuit 76 whlch passes the -
10 heading pulses 70 ‘but not the synchronlsatlon pulses 68
Pulses 70 are aé;lled from the threshold circuit to'a
| heading mark circuit 77. For each pulee, heading mark
circuit 77 generates an output signal which lasts as longas two
radial'sweePS'of the CRT spot (at the lowest eWeep rate
15 available), and which is applied to the Qideo input of
CRT 8. Thus, a solid radial marker line appears on the
CRT display indicating thereon the boat's ﬁeading. This
heading marker should extend from the screen centre to.
the exact top centre of the screen. . This implies that
20 when scanner 4 pasees the head of the boat,_tﬁe scan coils.
10 in the display unit should be positioned so as to
deflect the scanning beam from the CRT screen centre
towards the exact top centre of the screen. 'This is
achleved_by-means of a switch 75 which, when opened, stops

25 circuit 74 from driving motor M2. Consequently, if at



headi ng marker shoul d extend fromthe screen centre to the exact top centre
of .the screen. This inplies that 20 when scanner 4 passes the head of the
boat, the scan coils 10 in the display unit should be positioned so as to
defl ect the scanning beam fromthe CRT screen centre towards the exact top
centge of the screen. This is achiéved by neans of a switch 75 which, when
opered, stops 25 circuit 74 fron1dr|V|ng motor M2. Conséquently, if at

- \I8 - the start of operation the 'scanner and display angles are not .

mat ched so that the heading marker is not at top centre, switch 75 can be
opened to briefiy stop notor M2' and angd &8 y= shift the headi ng marker,
until 5 it has the correct position on the display, at which point the
scanner 4 and coils 10 will be in proper angul ar relatlonshlp BEARI NG MARK
A further as e ot F ar, rk,

that is to s%?feta ér‘!aad{@ o?lﬁgégﬁtﬁﬁe ??Fgeé\yévﬁ@ﬁ can gisg gl g?‘l@?f e?caij usted

by a control aaéetrfs%%é@é aungb a@&fé%f&iﬂ?%ai‘ké? igynb%a 'tre

vi si bl e on the-di i § enables, Tn conjunction W th an angu; i ndex

- provided ar ol b £by bagecntns Lan BAIGNE] E5BrsetigPliby cature

elative to.the ship's
motor M2 ‘and angularly shift the heading marker, until

5 it has the correct position on the display, at which
point the ‘scanner 4 and coils 10 will be in proper angular

relationship.

BEARING 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 by a control at
the display unit ‘so as to be aligned with any feature
visible on the display. This enables, in conjunction
with an angular index provided around the tube face, the
15 bearing of such a display feature relative to the ship's
-headihg'(which is ﬁade always to coincide with the top of
the screen and the zero poSition on the ahgular-index)
to be read off by an 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'generating a
pulse, the length of uhich can.be adjusted between sero
and the length'of time  taken for a complete rotation of
the-scanner”4, by means of a control 80, Further, bearing'

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



ifcuit 78. Bearing mark circuit 78 responds to a heading pul se 70 by

‘generating a. pul se,

of a control 80. Further, bearing 25 mark circuit 78 generates, upon
term nation of the variabl e- | engt.h puhse. an output pul se having a
l ength equal to the time taken for the CRT spot to make two sweeps (again

at the | owest avail able sweep repetition rate). .
1, CHi 8 i ' 2a - d at e open
m”gi%?tﬁo ?g?.sé, ah %Rpéétﬁg %%]T.ée h%&?xgﬁ?ﬁ ;”Ie‘édhiglx eqhie ¢ate op

anot her 1 nput

beari ng
during t

sweeps of Spot .

gate. 82 agRe PHifESthkerd ﬁﬂﬂrﬁkétdkfiﬁgekaiﬁ Gfake Phed | sWeshst 48R 1N

- these being generated.at equal interval

during the' spot sweep as can

The out put pul se from

For

the |l ength of which can be adjusted between zero and
the length' of time taken for-a conplete rotation of the scanner 4, by neans

of

be -

seen from i oehe BowaB@t SGRASEIMITE | ¥wedp' kBget HRAPIr4¥O) SUCERESI Ve spot

sweeps the spot:i's brightened e. g.:. sixteen

a dashed |4 i %’:ﬁis&C@Qﬂn Beusihei RErR RQIcAE: 8 kis dpplasaukey
a

position of t

of the

10

15
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gate 82 and holds the gate open during two (or more)
sweeps of.th€ CRT spot. Apblied-to another input of gate
82 are éulsés L, a plurality (in pfactice'typiéally
sixteen) of these being generated at equal iﬁtéfvals_
auring the spot sweép as can be seen from FiQure.3;
Cénsequently,.aurihg at leést twb sucéessive spot sweeps

the spot is brighﬁeﬁed e.g. sixteen times per sweep so

as to display a dashed line on the spreen, this being a

;bearing mérk;_.Thé'épéular'position of fhét 1iﬁe about

the screen ceﬁtre'is determined by adjustment of the

control 80 on bearing mark circuit 78 which, as will be
ﬁnéérstoéd, détefmines how.much time éla?ées'between the
CRT_scan passing tﬁe‘£0p centre posit;bn ana the beam
being brigh£ened fo provide the dasheq_line.. Thus,

the desired béafing mark can fe positionéd-on tﬁe_CR?

screen at any angular position to mark the bearing,

‘relative tp_thg ship's heading, of anj feature on the

disylay. _ o _
The pulses which'ére géﬁed th:ougﬁ gaté 82 to

-_s

provide the dashed bearing mark line are.derived from the

output signal-b of range period'generator 40,'this signal

I ne about t-he screen centre 'is determ ned by adjustnent

' ding‘(mhich i s wade always to coincide with the top of the screen’and %
‘bﬂp zero position on the angular index) to be read off by an operator.
Hijs, pulses 70 are applied fromthe threshold 20 circuit to a-bearing mark

~

Nt

i mes per sweep.so as .to display



L]

15/:contﬁbl 80 on bearing mark circuit .78 which, as will be understood,
det erm nes how.rmuch tinme el apses between the CRT scan passing the top
cent-re, position ‘and. the beam being brightened to provide the dashed |ine.
Thus, the desired bearing mark can be positioned on the CRT 20 screen at
any gaqul ar position to mark the bearing, relative to ‘the-ship's headlng,
ot,any eature on the display. The pul ses which are gated through gate 82
tO\prOVIde t he dashed bearing mark -line are.derived fromthe 25 out put
signal. 0 of range period generator 40, this signal . -20- being applied to
a divider 84 which once again has a plyr?biLy of outputs for different
division ratios. An individual output of divider 84 is selected by neans
of range switch sectlon 24d.. A lower division ratio 5 is selected when

the range S%éfﬂ geetaoéd)var aék: 84 Qt‘i@hfl‘ikb %&%égesd% and

Vi ce versa, SO t beari ng mark pul ses W equenct es

proporti onal%jé‘glrﬁjegﬁt{:?(s:%?n dlg:@&eefjorv\@ff% hl&edlg_ Id i¥h "PL&y dashegnpon the

screen W | spectlve (0] range setting is.in

use. ' RECEI VERa{%14851" bﬂ‘tﬁtft V'@ vider' 8421 sPukIRdied r@i‘%ﬂé&ﬁgdof

range sw1tch section 24d. A lcwer division ratio

5 is selected when the.range'switch'is set to low range
(i e. high‘spct scanning 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 identical irrespective of which

10 rangersetting is in use: | | |
RECEIVER =

As referred to above, the.radar pulse is transmitted

fron section 4a of the scanner at the moment when the CRT
beam initiates its radial scan. }An'echd pulse is received

15 from an object lying in the instantaneous direction ‘of the
scanner 4 after a delay dependent upon the distance of
the object from the scanner and the echo pulse is received
at the receiV1ng section 4b of the scanner. Its frequency
is the same frequency as the output of magnetron 2.- In

20 known manner, the received pulse is mixed in a mixer
86 with the cutput from a local oscillator 88 to generate
an intermediate frequency which is-amplified by intermediate
frequency amplifier 90 and then filtered by filter 92
to provide a video siénal which represénts the envelope

25 of the original received echo. The video signal is trans-



section 4a of the scanner at the nonent when the CRT beaminitiates °*

/ ¥ adi dl scan. -An echo pulse is received-15 froman object lying in.the
t/ant aneous direction of the scanner 4 after a delay dependent upon the

{ance of the object fromthe scanner and the echo pul-se is received at
the“receiving section 4b of the scanner. |Its frequency is the same _
frequency as' the output of magnetron 2. In 20 Known manner, the received

- pulse is mxed in a mxer 86-with the eutlut-froma |ocal oscillator 88 tows
generate an internediate frequency which is anplified by internediate '
frequency anplifier 90 and then filtered by filter §2 to provide a video
signal which represents the envel ope 25 of the ornzinal recei ved echo.

The video migtzd ion tIhme-94 to2thenditsplayn unbe tite phsspday unit
where it passes through a hi'gh pass filter 96 and = applied to the video

i nput of CRRr®uglo ashighbpagst i litesr Smrandgispeppdiied rtalithe dvideace
fromthe' screen centre which is 5 proportional to the actual distance from
t he scannednpltt iof SEIRECE, V\hpcnsprt@dmwht%nethe sThaniogispsti&tat or 88
may be-of any- known-“kind” but it ts-preferred to enploy an oscillator, such
as a Qunn- &f raddags disbance Erove the ;mreereqqeneyecarhiw e adj ust ed by

adj ust ment of the"level. of : a d.c. input_ signal.
-5 proportional to the ‘actual distance from the scanner of

the object which produced. the echo.
The local oscillator 88 may be of any known kind
.-but it is preferred to employ an OSC111ator, such as a
Gunn-effect osc111ator, whose output frequency can be
10 adjusted by adjustment of the level of a d.c. input signal
.Local oscillator 88 in the described embodiment is of this
kind. The d Ce. signal for tuning its output frequency
:ls provided by an. adjustable tuning circuit 98 at the
display unit (Figure 1) and applied via the same line 94
15..that carries the video Signal and via a low-pass filter
100 to a tuning input of local oscillator 88. Since
filter 96 is a nign-paes.filter this d c. signal does not
'__affect the video input of CRT 8, and since filter 100 is
a low-pass filter, the video signal from the output of
20 filter 92 is not fed to the tuning input of local oscillator
8§. Thus, by adjusting the d.c. voltage provided by
tuning circuit 98, the frequency of local oscillator 88
can be adjusted so as to provide optimum amplification
of the received echo in the receiving section of the

25.'circuitry.




Loctl oscillator 88 in the described enbodiment is of this kind. The d.c.
sifgrral for tuning its out put frequency is provided by an adjustable tunin
gircuit 98 at the' display unit (Figure 1) and applied via the sanme |ine
15 that carries the video signal and via a lowpass filter 100 to a,tuning
I nput~. .of |local oscillator 88. Since filter 96 is a -high-pass filter this
d,c?ksﬁgnal does not affect the Video input of CRT 8 and since filter 100
i's_a 'l owpass filter, the video signal Jfrygndthe output of 20" filter 92 is
not fed to the tuning input of local oscillator 88. Thus, by adjusting the

d.c. voltage frovided-by tuning circuit 98, the frequency of |ocal
osciIIator%Eﬁﬁﬁﬁﬂﬁﬂggﬁyﬁ@Eé&agblggggggﬁLﬁgﬁﬁgfgﬁﬁfnun1anplification of the

received echo in the receiving sectign of the 25 circuitry. - 22- I N
CONTROL - AND SEA CLATEERR ’i‘?z‘cr ﬁ’*ﬁ&l“r’l-tcc}rﬂ& ofs cﬁ“?EHPtl%-i’O@anu?ﬁ"i"R?ﬁ?

adj ustabl e to generate a constant, but  adj.ustabl.e, d.¢. gain . control vopltage
whi ch is apy? i IBREY aten & ﬁ%‘-’r@a’a"—g Bk e Le 5rﬁguﬁa&f“ SREETRN ate
frequency a jfier . ef erri o, Fiqure 3, veform|, illustrajes the
for?n of %/he‘p%'%%%es gﬁ:ﬂh \%ﬁerﬁ%ﬂgﬁé QVeq‘H‘é\%é(}&E‘Pv@dgﬁl&nW ter. -

Wt eag pe %ﬁ%&u%hg% Eh% earlies

o

TeSHed fote frequency amplifier 90. -

Referring to Figure 3, waveform I illustrates the
form of the video signal when echoes are being received
from rough water. It can be seén 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 undesirable.

This can be eliminated by means of the sea cluttef
circuit 102 (Figure }) which receives the trigger pulse F
and generates an output signal J having an.adjustable period

15 msgttable by means of a control 104, This signal is super-
imposed on the d.c. gain control voltage from circuit 108,
on line 106. Conséquently, when signal J is low the gain
‘of amplifier 90 is held at a reduced level so the video
signal is attenuated . As signal J gradually rises, the

20 gain of amplifier 90 is increased until the video sigﬁal
is amplified in normal manner. By adjusting'cbﬁtroi 104
6n sea clutter circuit 102, and thus adjusting the
timing of the trailing édge of’sighal J, fhe'display

of echoes received from rough water around the boat can

- o
-~

25 be attenuateé to any deéired'distance out from the centre



re of substantial anplitude and woul d cause the 10 ~ CRT di spkray t®
right patch around its centre which as already nentioned is
' able. This can be elimnated by neans of the sea clutter circuit 102
(Fi\gw’e 1) Which receives the trigger pulse F and generates an out put
signal J having an adjustable period 15 settabl e by neans of a control
104:. This signal is .super- inposed on the d.c. gain control voltage from
circuit 108, on line 106.-Cbnsequently,2§hgn signal J is low the gain of -
anplifier 90.is held at a reduced | evel "5o0 the_video signal is attenuated'.
- As signal J gradually rises, the 20 gain of anplifier 90 is.increased
until the video signal is anplified in normal nmanner. By adjusting-control
104 on sea,gl ey sGIJ1CH) t and thus adjusting the timng of the
trailing eage%§% Eﬁ%ﬁg J,séﬁéeﬁrsplay of echoes received fromrough water

around t heyRege S&rerpbhepraredn. any desired distance out fromthe
centre- ?23?—%?gﬁ%e-drgpraY“StTEENT‘NAGNETRCN CAPACI TOR CHARG NG The.

above expl ai ns t he gg\eniisons Ckpl BInshithe tdiveEd 68ehrking"e@iTed from the
.screen centre.'to the5 screen periphery i.e. up to the fermnation of

ranp si gnathe cRrFispste s éweéﬁ_iagf Fron &HE dEredRsSEEhbed e adigrent

5 screen pefiphery i.e. up to the termination of ramp signal
.Q in Figure 3. It is a feature of the.describea embodiment
that duxiné this period no powér is drawn from the d.c.
: power supply circuit 110 for the pﬁrbosg of recharging
the magnetron driving capécitor 34, which becaﬁe partly
10 diéchatged when the magnetron was fired immediately after
the begiﬁning of the cycle. However, once the CRT
scan has been completed'alfurther sequence of eventé
| is initiated to recharge capacitor 34 réady for the'next
radar pulse to be téansmittea. This is a;hieved as fo;lowé,
15 . B The delay in the initiation of capacitor charging
is effected by means of.a stand-off period circuit 112;
in résponse to the leading edée of signal R ffom_the 3us
.deiay.circuiE-ZB, the output of stand-off period circuit
112_§qes 1§w_(signa1_T) for a predetermined period of
26 time. That pe:iod_ferminates just_after the spot scan '
has been.completed aﬁ.which timé the pﬁtput of sténd-off

period circuit 112 goes high, and the leading edge thus




t hat® duri‘ng this period no power is drawn fromthe d.c. power supply
CTpCuit 110 for the purpose of recharging the magnetron driving capacitor
34}mmh[ch=bepane partly 10 di scharged when t he magnetron was fired

i mredi atel y after the beginning of the cycle. However, once the CRT scan
has been conpleted a further sequence of events is initiated to recharge
capaci‘tor 34 ready for the next radar pulse to be transmtted.. This is

"achiewed as follows. 15 The delay in the initiation of capacitor
‘charging is effected by neans of. a stand-gfif =period circuit 112. In

response to the |eading edge of signal Rfromthe [err] delay circuit 28,
t he out put of stand-off period circuit 112 goes low (signal T) for a
predet er mi ned period of 20 time. That ‘pericod term nates just after the

h | ich L] he. f - of f i od
ol rourt 110 JeASTRHEAMEGYR RS, WRRATHIN, ek R0 Pl e G 8 TTE RS
cLreul . : he o Tad Je i , : t
ot put. oi gnartuteabild " et edtes it BliHle S OnAEIO R EIR 00T a
| se. nunb Leh i i d
Shi ch gener aP2oatetindd I HGLE®, | S180a CAN GRS 075 brde e U

from circui t nihberCRRHRANANLEY116 ) CuhTofl 1 0TarP W rife pe AL AL LGS 1108 S TET

of pul ses.
) 5 and which generates a train of pulses V so long as it

is receiving the pulse U from circuit 114. Consequently,
the length'of'pulse ﬁ detefmineé the number of pulses .
V generated by generator 116.

The pulses V are applied to a pulse width monostable

. 10 circuit 118. This generates an output pulse for each

input pulse received, but the width of each 6utpu§ pulse'
‘can be varied in a ﬁanner; and for a purpose, which will
be described below. -Thé'output pulSes from pulse width
monstable 118 are applied to a pulse generating circuit
- 15 120 (which will be described in moré detail with reference

to Figure 4) which for each input puléé received applies
a pulse of charge to'capacitof 34, thereby événtually
charging the capaciﬁor tb é voltage in the region of
300 volts. Charging of capacitqr 34 ceasés_when the

20 predetermined number of pulses in waveform V have been
completed., The circuit is then in a condition ready for .
transmission of fhe_next radar pﬁlse by energisation of
magnetron 2,-§nd simultaneous initiation of the next -

sweep of the CRT beam.

~




/V\generated by generator 116. The pulses V are applied to a pulse width *
Lo able 10 <circuit 118. This .generates an output pul se for each input
p I%E received, but the wi dth of each output pulse can be varled in a

_ , -and for a pufpose, which will be described below. The ' odtput
pukzs€s from pul se width nonstable 118 are applied to a pul se generating
ci‘ncuit 15 120 (which wil-l be described25n-nore detail w.th reference to ...
Figure 4) which for each input pulse received applies a pul se of charge to\s
capacitor 34, thereby eventually-charging the capacitor to a voltage in the
region of 300 volts. Charging of capacitor 34 ceases when the 20
predet.erm ned nunber of pulses in waveformyV Hgve bee conpleted The

circuit is then iPnasBatdi bogtseddie rskangpz c? OWeE next radar

pul se by energisation tron and l,t tiat f th
next sweeP@@Pifel &T(%ggﬁ'l v 13 Vaﬁ°§ﬁa§i‘g§&&ane L%ﬁgl%n%a %ﬁlrgnf gr m ofe

Eﬁﬁégégfgmlﬁrﬁéza i “é%gém”ei%és“pﬁeégéﬁbtk%&%in b b BPRESEE LU
VO
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5 from the propulsion motor or from a generator motor.

However, thédoperatipg 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
10 has oeen desigaed 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 thetoutput voltage from the power supply.
However, to avoid egceSsive"loading-of the capacitor
15 charging circuitry when the supply voltage rises
substantially ahove'lo volts, as is often the case,
relatively complex voltage stabiliser circuitry 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 oomplex:
voltage stabiliser for supplyinélthe capacitor chargihg
circuitry, with its attendant cost, and the undesirable

25 waste of power which has been involved, are avoxded as

follows.



the*vol tage available fromsupply il O may vary between 11 volts and about.
1™Vvolts. In prior radar units, the circuitry for® charging the magnetron

energi sing capacitor 10 has been designed so as to be operable from an

i nput vol tage of about 10 «olts so that there will always be an adequate

I nput_.voltage 'for its operation despite the fluctuations.in the output
voLtadé-fronlthe power supply. However, to avoid excessive 'l|oading of the

‘@apactitor 15 charging circuitry when the supply voltage rises

substantial ly above 10 volts, as is often the case, relatively conplex
voltage stabiliser circuitry has been -enpl gged which in effect dunps power

when- t he out put of supply 110 is significantly above 1Q volts.

Th

IS power

20 is dissipated in heat sinks and of course represents an undesirable

shilE,
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which will not overload the capacitor charging éircuitry,
voltage sensor 122 produces no output-signal on line 124;
However, when the ‘sensed voltage rises above this fhreshold
level a proportionate si§na1 is developed on line 124 and
applied- to the charging period circuit 114, This is a
monostable circuit whose output pulsé (signal U) has a
constant length in the absence ofla signal on line 124

but whose time constant is reduced, with consequent
reduction in the length.of-the output pulse, in prbpdrtion
to the value of. any input signal applied on line 124.
Cohsequently, as the supply voltage from power suppl& 110

rises above the threshold value the resultant outpit

_signal from voltéée sensor 122 causes a proportionaté

reduction in the length of pulse U delivered by charging
period circuit 114 to pulse number generator 116, and
thus a corresponding reducéion in the number of pulsés

in signal V applied to the pulse width monostable 118.

" Consequently the number of pulses {but not their.width)_

in the output from pulse width mono 118 is correspondingly
reduced and %o is thé numbér of-pu1ses of - charge delivered
by pulsé generator 120 to cdpaciﬁor 34. The pulses |

delivered from pulse generato;'lzo to capacitdr 34 are

(v
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wi Il not overload the capacitor charging circuitry, 5- voit.agé‘= *

'{S r 122 produces no output signal on |ine 124. However, when the sensed

~votrtage rises above this threshold | evel a proportionate signal is

devel oped on line 124 and applied to the gharging period circuit 114. This
| s(a~rmonostabl e circuit whose out put pUIg (siignal U has a 10 constant

| ength in the absence of a signal on |line 124 but whaose tinme constant is -
reduced, with consequent reduction’in the length of the output pulse, -in
proporti oddeivd@ flont e apgwerd SuppXyal 10pahdedhd amoant2of '
Consequently, as the supply voltage from power supply 110 15 rises above

‘the threshaldrgel #h e qsulEant sothEiie So882brbpOPtAbHAYCLRCRIRY 122
. causes a proportjonate reduction in the length of pulse U delivered by

char gi ng pardtsh€aneduls ddlhe pfl theBigputcvoltade dS, sanymsm.
correspondi ng reduction in the nunber of pulses 20 in signal V applied to

the pul se cYrdyu@ntiygblishdid Sthiensvenueitieé yrisesnesd hlse! appliiud not

“their width) in the output from pulse width nono 118 is correspondi ngly

reducsd amd sapscitern@datontapnlss mord ciiarge Balt by aflediispofse
generator 120 t.o capacitor 34. The pul ses 25 delivered from pul se generat or

120-to c?}taw' telrSdiery whPdhdhasy§tst Gedmedesveibudpte ltdtald the

aroumt. o number of pulses applied to the capacitor 34 to charge
it is redﬁcea, lConseguedtly:'tﬁe amount of charge applied
to capacitér'34 is kept substantialiy constaﬁt even

10 though the output Qoltage of power supply 110 may rise
very_subsfantially_gbove the threshold level set at
voltage sensor 122, It can be appreciated that in this
way the_cirquitry takes équ so much éower as it needs
for adequate cﬁarging:of the-cabac;tor and there is

-15 no necessity for any power to be dumped. |

The sgparaﬁion, in.time,'of the CRT beam scan.
and thé capacitor charging step has various advantages.
Both these processes require significant current from the
ppher supply_llb._ Bﬁ aGoidiné érawing both cgrrents-

20 simultaneously,_lihe.losses in the conductive paths (especi-
ally in.thoge paths whi&h carry-both the cuf:entsj are reduced,
thus_fufther reducing power_consumﬁtion. _Also'it is the |
.practice to design_ali ci¥¢uitry_£of satisfaqtoryioperatioh

-_when the power supply voltage is about 10% below its

25 - normal level_(e.gf_lz'vg;ts}. The, reduction in peak

current consumption achieved by non-overlap of the



~chatge in each pul se is therefore proportional to the instantaneous val ue '

of the output voltage of supply 110. Consequently, when this voltage ris 34
each pul se applted 5. to capacitor 34 contains nore charge but by neans \of
the circuitry which has just been described the total nunber of pulses
applied to the capacitor 34 to charge it is reduced. Consequently, 'the
ampbunt of charge applied to capaci tor284=is kept substantially constant
even 10 though the output voltage of power supply 110 may rise very

subst antwal tyrabnts tredudesstie dprepertioh ef thlilsagerspirsorhiR. islt can
be appreciated that in this way the circuitry takes only so nuch power as

. it needsbdarbedehyaild nehdragisues aind htherneforeodemsd ddmesterabnt 1bs nplaced
. necessity for any power to be dunped. The separation, in time, of the CRT

beam’scem.theddehdgoapdcithe clrecwibyyst eplags edmasushel\aighageser@pt h
t hese. processes require significant current fromthe power supply 110. By
avoi di fgcansdithgnsotnvalMeshiin capacihort ghasgdng: 49 mot keedrwhike
conductive paths (especi- ally in those paths which carry-both the
cy r entihe og¥recetVesdGRT KRN 1Y cAcki¥aei hiepdnderawds fbtteringAlso it.is
the .practice to design all circuitry for satisfactory operation when the
pover- sERERIXed| FagPreyestofthe obpFaeBvinterfisring yeith &he latferigan
volts). The reduction in peak current consunption achi eved by non-overl ap
of the be simplified, saving cost. - :
" FIGURE 4 -
Some aspects of.charging and discharging capacitor 34
10 will now be described in more detail with reference to Figure 4.
Pulse generator 120.is shown within fhe broken-line box,
supplied with power from the positive line 126.($ee connection
¥-Y in Fig. 2) and the common-line_lZB 6f'power supply 110, and
receiving its control_signalﬁf:om:the output of pulse width
15 monostéble 118.
Each output pulse from monostable 118 renders conductive
a transistoriSe&'switching circuit 130 so that a supply voltage
pulse is applied to the primary 132 of a pulse transformer
generally indicated at 134. This generates an output pulse
20 of higher voltagé 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 sécondary 136 overshoots in the

- opposite direction further éharge is driven from capacitor

140 through diode 142 onto capacitor 34. As already

-~
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currents reduces the proporti:on of this margin which i's absor bed
by i

osses and therefore | ess constraint is placed on the design of the
circuitry. Also, since the high energy transitions involved in capacitor
éhérging do not occur while the receiver/CRT scan are active, the interna
fidtering required to prevent the former interfering with the latter can be
sinplified, saV|ng cost. FI.GURE .4 Some aspects of charging and discharging
capacitor 34 10 = will now be destribed in moré detail wi'th reference to ggﬁ
Figure. 4. Pul se generator 120 is shown 28.t+hi n t he broken-line box, supplied .
with power fromthe positive line 126 (see connection Y-Y in Fig. 2) and

the comon |ine 128 of power supply 110, and receiving its control . signal

fromthe Ohh&at&tiostedouliseemmei-’éof @a%%stﬂrmélgppiaea ¥ RiYpakd €8x f rom

monost abl e 118 renders conductive a nsi storised swtching CIFCUIt 130 so

that a supplgy 1%0lahit@mari 6811 aBfuiseed &d NEs PE6MBA%LER? tHatd 1 56
transforner generally indicated at 134. This generates an output pul se 20

of hi gher keg aghatifed td &evolikageoRd Hpprdximatdyl @0ot raXtd he pul se
from nonost abl &.118 .across_ the .secondary 136..of the pul se transforner.. The

polarity of the pdhﬁrgé SﬂCbtaSeBOOpuHapaﬁﬁﬁﬁrt340ughia @h%ﬁfﬂfﬁh@nto a

capacitor 140 and, via a diode 142 onto the nain capacitor 34. \Wen 25

t he voStagpuaseoas:ﬂsiﬁubmgdlBﬁ mmghehmMnspulséewidth 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 1mpedance,
capable of sw1tching pulsed current of up to 16 amps.

10 at 360 volts and with very fast on and off switching
times preferably in the region of 100 ns. An n?channel
enhancement mode VMOS power FET is preferably employed
and, in particular, imodel VN4000A or VN4001lA available
from Siliconix-hinited_of Newbury, Berkshire, England.

15 The input Of the FET is protected by an 18 volts Zener
diode 144 and:the outpnt_by six such diodes 146 which
limit the voltage across the outpnt electrodes to
366 volts. When FET 32 is switched-on by pulse S
capacitor .34 is discharged through thelprimary 148 qf -

20 pulse'transformer 36, thus generating in its secondary
150 a voltage pulse in the reglon of 2000 .volts which
is applied by line 152 to the anode 154 of magnetron 2.
The resultant oscillation of the magnetron makes available
at its_output port_155 a radar_frequency pulse_having a

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




opposite-diregtion further charge is driven from capacitor 140 through
di 6de 142 onto capacitor 34. As al r eady -29- nentioned, the nunber of
wpulses t hus’ applled to capacitor 34-is automatically adjusted so as to
‘ensure that” is kept charged to a voltage of approximately 300 volts.
Charge 'is stored on-capacitor 34 until the firing 5 pulse is delivered -t
by -magnetron pul se width nmonostable 30. This is applied to the sw tch' shown
a§dbrock .32 in Figure 2 which, in the preferred enbodinent, is a solid
. state switching device having very highgjgiput inpedance, capable of
switching pulsed current of up to 16 anps. 10 at 360 volts and with very
fast on and off switching tinmes preferably in the region of 100 ns. An
n- channel enhancenent node VMOS power PET is preferably enpl oyed and, in
particul ar, nmodel VN4AQOOA or VNAOQ1A avail able from Siliconix L|n1ted of
Newbur y, Berkgﬁnﬁ@itemqarﬁfc%o PhpEcapnethd rER KNHRBRRBE Y an 18
- volts Zener ode 144 and the _out by six such diodes 1 ich limt the

vol t age acrogéetggr qglﬁﬁ?d&%is?o°§659§ﬁpﬁéi éhﬁygﬂrﬁg 1Q%i t ched

on by pulse S_c aC|t 4 dis ed t hrough.t he r 148 o
.pul se transzﬁ eS@“ Qﬁ;ﬁﬁéﬁ % fAgpgtr gbéﬁaéﬁg W%P?ﬁg@ggﬁlse

in the reglogcof 2000 vol ts- which

5 . It should be appreciated that the use o£ a low
powered, low voltage ‘circuit for generating the firing
pulse S, witﬁ'thé'puiseridth being_controllabie by
a variéble voltage control signal; in conjunction with
a solid state switching device with fast switching

10 times and-thé'ability to switch a high power input
p:ovides an economical and réliable way of energising
a magnetron with controlled width .pulses, whether.in.
the context of radar equipment or otherwise. , T -

‘A diodé 157 protects switch 32 against the :eﬁérse

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 parallel RC circuit 156, 158,. which is not
essential for operation, has terminals 160 connected

20 across it, to which an instrument can be connecged to check
the magnetron 6utput pover,

. The above descripéion of the magnetxron switching
effectively_Fssumeé that the lower end of RC circuit.lss,:
158 is connected to comﬁon line 128, so that magnetron

25 anode 154 starts at zero potential as is normal. 1In



gd by line 152 to the anode 154 of magnetron 2. The resultant- *
. on of the magnetron nekes available at its output port .155 a radar
. freguenc€y pulse having a 25 power “in the vicinity of 1 kw which is applied
to the - 30 - transmtting section 4a of scanner 4, in known manner, the
darati-on of the pul se corresponding to the duration of the output pulse S

_dF,annetron pul se w dth nonostable 30. 5 It should be appreciated

that the use of. alow powered, |ow voltage circuit for generating the- Cﬂ

firing pulse S;” with the pul se-wi dth Séﬁﬂg’tontrollable by a variabl e
vol tage control, signal, in conjunction with a solid state,' swi tching device
wth fast swtching 10 tinmes and the ability to swtch a high power input
provi des aflagtenanimoaie @dvantagetuswayrangement sisgshowngdat mivichi t h
controlled w dth. pul ses, whether in the context of radar eguipnent or
ot her wi se. thedloweri gndraf RE scihirutt 336agdiSftandictheveforel inpekiect
over shoot vol tage which can be devel oped by primary 148 in response to the
trailing cte 8hrofge 154 of iHhr dBagnatyenodgasenmectadphyap dimeeC civcuit
156, 158, ._which is_not essential for_operation, has termpals 160
connect ed 166 to a biassing potential which is provided by a voltage
5 doubling arrangement generally indicated at 168 and
comprising diodéS’i?Oiand'172 and capacitors 174 and 176
connected as shown., In reSponse'té the inéut pulsés-
applied to capacitor 140, this pfodubes.a volﬁage of
approximately 600 volts on line 166 so that prior to
10 switching on the magnetron its anode is at approximately
600 volts relative to its cathode; .
iﬁ-this way, the voltage neediﬁg_to be developedJ.
across secondary winding 150 to fire the magnetron is
reduced so the turns ratio of pulsé transformer 36 can
15 be reduced. This increases the bandwidth of the fransformer
" which in turn enables a kider range'bf pulse widths to
be switched by the transformer than would otherwise be
the case.
Also, the amount of power which has to be switched
20 by switch 32 is reduced thus increasing ciréuit'reliability.
The bias applied to the magnetron anode should -
be below the threshold level at which oscillation 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



20 _ﬁCFOSS |t

".to which an instrument can be connected to check the

magnet [ on output power. The.above description of the magnetron switchin

ef fectively assumes that the lower end of RC circuit 156, 158 is connecte
to common line 128, so that nagnetron 25 anode 154 starts at zero potential .
as s pornal .

in.whjch the |ower end of RC CIrCUIt 156, 158 and therefore in effect the

0

[N - 31 - .fact, a nore advantageous arrangement is shown

angde 154 of the magnetron is connected by a line 166 to a biassing

pot enti al

which is provided by a voltage &
I ndi cated at 168.and. conpri sing. di odes 170 and 172 and capacitors 174 and

176 connected as shown. In response to the input pulses applied. to

capaC| tor

140,

166 so that pnagmetnoﬂansmdecfﬁmgamumme3nagﬂeltel] biut arxle rédated

approximately 600 volts relative to its cathode. I'n this way, the voltage

this produces a voltage of approximately 600 volts on |ine

32daubling arrangenent generally

needing to ‘bebemeEibged across secondary winding 150 to fire the magnetron
is reduced so the turns rati o of pulse transfornmer 36 can 15 -be reduced.

Thi s increas
range of  pul se wi dths to be-switched by the ‘transformer than woul d

wi der

ot herw se be

~ namely 0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 miles are made

5

10

15

20

25

-of the transfornmer which in turn enables-a

In a practical embodiment, six different ranges, .

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
waveform C (1000 Hz) is selected. . Consequently the

operating cycle.of ;adar pulse transmission, CRT beam

scan, and capacitor recharge is repeated at one of these

three rates according to whether one of the shortest,
middle, or longest pairs of ranges is selected.

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 the

system is shorter at short ranges than it is at long

ranges, the stahd-off period set by circuit 112 needs to
be made shortgr foF short ranges and longer fdf long
ranges, and the iength of the-capacitor chafging pplses,'
determined by pulse width monostable 118, néeds to be

greater when longer radar pulses are to be developed,

bgcause a greater amount of power is taken by each radar

d



ise: Al'so, the anmpbunt of power which has to be switched 20 'by switche
s/ reduced thus increasing circuit reliability. The bias applied to the
ngtron anode should be below the threshold | evel at which oscillation
’d be induced. A lower bias than that described nay be achi eved .

by omtting circuit 168 and connecting the I ower 25 end-of RC.circuit 156,
158 to capacitor 34 to bias the - 32 gz nmgnetron anode to around 300 :
volts, but with reduced benefits. RANGE CHANG NG I n a practi cal enbodlnent{J-
six different ranges,. 5 nanely 0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 nmiles are —
made avai | aph@se .Forheh@iriduitls 340, 112 D01 18 whpehi kespecttivcely

enpl oyed by sel ecting waveform A at range switch section 24a. For the

m ddl e two dekgemineyefhdan Pul2@00digth s seamd+efif aperiod ahdé thergengest
ranges 10 waveform C (1000 Hz) is selected. Consequently the operating
cycle of radng pulse themghh sgieomllCRonmsiakbbancinguitapandt 8k Ascharge is
repeated at. ane of these three rates according to whether one of the

shortest, nbHgferred fesfawe fdiat e r%g%sc¢%s§én’é§t@§ tmsse cir- |t has

already been mentioned _that on a Iolg
cults be voltage-control able. Circuits of this kind are

in themselves known, in which-the circuit time constant is
inversely pfbportional to a d.c. voltage apélied to a
céntrol terminal of the cifcuit. For éﬁample, Motorola
(Trade Mark)'MC1452§3 monostables may be used with exter-
10 nal resist&r values made vdltage¥selectable by diode
SWitchinq in response to appiied control voltage. Referr-—
ing to Figures 1 and 2, a d.c. control voltage generating
'circﬁit 162 at the scanning unit is ganged with the range
“switch;and produées'én output of 0;'6 or 12 volts ‘. (the
.15' higher vbltages:being for the'shorter-ranges) which is
_superimposea'dn the trigger signal F on line 26 for trans-
~ mission to thg'scanger unit. At the scanner unit the
superimposed~d;c} voltage is applied by line 164 and
"lines 30a, 112a and i1&§ to confrol terminals.on the mono-
20 stable circuits 30, 112 and 118 requptively. (Since a
éombination-of:pulse-signals (F) and d;c. level signals
is present on line 26, suitable isolating éna decoupling
arrangements are of course provided at circuits 28, 30,
112 and 118 for ensuring that they respond only to the
25 desired signals). This enables the time constanﬁs of
these th:ee circuits (which in general will be different

from each other) to be selectively set to any of three



rapge 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 the systemis shorter at-short ranges than it is at longgt
20 ranges, the stand-off period set by circuit 112 needs to be made '
shegfter for short ranges and |onger-for long ranges, and the |length of the
capaci'tor charging pul ses, determ ned by pul se width nonostable 118, needs
tq be greater when |onger radar pulses are to be devel oped, 25 because a
greater anount of power is taken by each Pgdgr - 33 - pulse. The
circuits 30, 112 and 118 which respectively -determ ne radar pul se |ength,
stand-of f period and charg- ing pulse length are all nonostable circuits
and it is a gifferentl veadugss idmd foe éask ofngthenthrek tHigstition5
cuits be voltage-controllable. Circuits of this kind are in thensel ves
known, in whabtes pebyi opeiratiiiore apndiantangei switehl wtprthpordispldyto a
d.c. voltage applied to a control termnal of the circuit. For exanple,
Mot-orol a ( Tramibtlark) MC145283 nonostabl es may be used with exter- 10 - na
resi.stor val ues nade val tage-sel ectable by diode switching in response to
.applied control volt&be akewve cchdracterisgicesof &he 2irgudtc.ammntro

vol tage generating circuit 162 at the scanning unit is ganged with the
range set the same for both of the ranges in one pair (i.e.

longest two, middle two or shortest two) . However it is

-

* evident




;wntch .and produces an output of 0O, 6 or 12 volts (the 15 higher vol tages
Ing for the shorter ranges) which is superinposed on the trigger signal

e 26 for trans- nmission to the scanner unit. At the scanner unit the

nposed 'd.c. voltage is applied by line 164 and |lines 30a, 112a and

o control terninals on the nono- 20 stable circuirts 30, 112 and 118

ctively. (Since a conbi nation of pulse signals (F) and d c. level

srgnals i's present on line 26, suitable isolating and decoupling
arrangenments are of course provided at circuits 28, 30, 112 and 118 for
ensuring that they respond only to the 25 desired signals). This enables
the tinme constants of these three cireudgs—~(-which in general wll be
different fromeach other) to be selectively set to any of three - 34 -.
different values, one for each of the three repetition rates, by operation

of the faneﬁaé%{agetﬂe télfo %’84{%0?191 Eepyi% mves&mrgg&sa sahas of the

circuit are set

sane ranges 1 n one ) | ongest

two, m ddl goLNOpQE 1 BAY S Lt HdRRT HBWEHC Iuist 'L 24 H9EY a factor of

10

15

20

two. Hence six different division ratios are provided
at the output of divider 46, each differing from the next
by a factor of two, so as to define six different values

for the length of the output pulse H from scan coil driver

- 42, one for each range. This sets the required six

‘different scan periods for the CRT beam.and,-as already

explained, the corresponding different values of inductance
set by sw1tching of circuit 44 in response to the range
switch ensure that the beam will be fully deflected in
eacn 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

the CRT scan speed being employed, the frequencies of

the signals for'generating them are increased in proportion .
to scan speed by providing six output frequencies (each
differing from the next by a factor of two) from each of
dividers 52. and 84,_the appropriate one being selected at

each range due to the ganging of range switch sections

24b, 24c and 244.

ME:CHANIC’AI_; ARRANGEMENTS

With~the exception of the motor Ml and the-
rotation'sensing devices 68 and 66, all the components

shown in Figure 2 are contained in a single assembly with

F

../,“\_
-t



- 35 - that for the two ranges in a pair the scan speeds and scan peri ods
of/?he_CRT beam nust differ by a factor of two. Hence six different

di vi si,on ratios.are provided at. the-out put of divider 46, each differing
fromthe next 5 - by a factor of two, so as to define six different val ues
forlkhg | ength 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 al ready expl ai ned, the corresponding different values of inductance

10 set by switching of circuit 44 in respghge to the range switch ensure
that the beamw || be fully deflected in each 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

| Pl _ he signals for g : |

(each i 1 eriity oM Bhe tn8RE B R Hen Ao CHie B ARG Area e PG Hor s 52
d 84, th L af e 10 ' | d 0 h d h

qanging of roige Lof rHiadRRreR ALt d 1) ERGEeARNER S it N

With the exGepii pllodf ofNesyRl a M Ak Neoi O PLEORCSURING RN Ciga 68 and

66, all the nponent s~ 5 shown®i1 n "Figure are contain singl e
assenbly W tdygnals on the five conducting paths which link the

5 stationary and rotating parts of the equipment (line 72
does not need a siip riné because units 66 and 69 do not
rotate). Tﬁeiuse of slip rings is of coﬁrsg well-known
for this purposé but in.prior radar systems for small
boats as many as-twelve slip rings have beén requirea.

10 | In the present system: the number of slip iings,

" and consequently the cost and liability to malfunction,
'is'reduced.b& éﬁéerimpésiﬂg signalé having different
functidns.on-a.commoh conductqr, and in pafticulaf by'-
putting both ‘the videoc and local oscillator tuning éignals

1; on a single condﬁéﬁor 94, thg gain and.sea clutter signals

" on a single conduétor-los and the trigger ‘and transmitted
pulse width éiénais on a sinhgle conductor 26..-Furthér,
bf also pﬁttiﬁé'both the motor éynchréﬁisation and heading
indicating éignais 6n'a.$ingle conductor 72, a total‘bf

20 oﬁlﬁ six conductors.are required~ihcluding the two which
carry the positivéxahd nééaéiﬁe ﬁbwér suppiy potentfals.to
the rotating scanner unit. | 3 | e

- Thesé"éonductérs are'taken from the-écanning unitv

which will be located at a high point on the boat, to the
25 display unit which will be normally located in the



e scanner 4 and rotate with the scanner. The broken line 166+ ¥
diagrammatically the existence and position of five slip rings

ferring power and signals on the 'five conducting paths which |ink

5 stationary and rotating parts of the equipnent (line 72 does
Aot need a slip ring because units 66 and 69 do not rotate) The use of .

§4|p rings is of course well known for-t37 s-purpose but in prior radar _
systens for snall boats as many as twelve slip rings have been required. 1Q¢

h h I h -
and |1 abi ﬁiﬁﬁ TR RetFontl Hedin ot "s)' HRRIRRSCIENRETral s naving
difrerent Cf)a gﬂ@mﬁé‘oﬁ SRTIRN £OUIE) OLas80WE 1P 68| Alndiadll £

both the “Vide ocal "oscrlla nrng-si gna Ooh a sin

conduct or g%atkpe transnttteng%t£¥e éhéi@ﬁ %’ﬂ'%ﬂér yctor 106

and the trigge se mn signal s"on a single: conductor

20 ot Bl SRR ERORUBE B Ul <5'Pt86ré¥”%§|%'1'x%ﬁz s headi ng

i ndi cating signals on a S|ng con uct or .on y Si X
condget or g, %h%srtf‘é}mifﬂ RGN NG (e (88s#hbeheha! Rbrdih Q?E'éhé!e and
negative power supply potentials-to the rotating scanner unit.- These
conduct or gaBie. taken fromt he scannl ng ‘units

MODIFICATION OF FIGa-4

Control of the'charging of capacitor 34 to provide

appropriate energy.for'driVing the maénetron, in direcb
10 response to the level of the.supply voltage, has already
been described with reference to Figures 2 and 4.

An alﬁernative form of control; in this case'
responsive indiréctly.to supply voltage; is shown by
broken.lines in figure 4;~ fhe-nean-ﬁoléage across.resistor

15 156 will be proportional Eo the'mean current'delirered to
nagnerron 2. A control circuit 180 shown in broken lines
detects this mean voltage and in response develops a control
signal which is applied on line 182 to the charging period
circuit 114, in place of the voltage sensor signal used in

20 the previously described version. Circuit 180 is adapted
to cause c1rcuit 114 to increase the charging perlod (and
hence number of capac1tor charging pulses) -in response to
a detected fall in magnetron mean current and to decrease
it in response to a rise, whereby to control capacitor

25 charging such that the magnetron is always fully driven




A

which witl be.located at a high point on the boat to the 25 display unit

whi ch will be normally located in the 37 hull of the boat, by neans o
an insulated multi- core conductor which in many cases will be of '
substantial 1ength. Such conductors are expensive and therefore the
reduction of the nunber of cores required enables 5 a substantial sa

~inithe cost of the length of the cable, MODI FI CATION OF FIG 4 Cont.rol of -

-th@,charglng of capacitor 34 to prOV|de appropriate energy for driving the

L]

magnetron, - in direct 10 - response to the |level of the supply voltage, has
al ready been described-with reference ta Hgures 2 and 4. An alternative
formof control, in this case responsive indirectly to . supply voltage, is
shown by brbhmwﬂoﬂmnwerh&rgven,4irfE$peuﬂmvembfagheasupp&yr&mlﬁayeJS
156 will be proportional to the nmean current delivered to magnetron 2. A
control ciragain,S8tist®mwhsi achieked Wwhide ddizcginghtheneapaediticoage and. in
response devel ops a control signal which is applied on line 182 to the
char gi ng pefirosh @n cwnstabilizadpsupplyf wditage tehtheuhs dumpigwgalpassstl i n
20 the previously described version. GCircuit 180 is adapted to cause
Lircuit 114 to increkbeshoeldnhegappresiiaked dhat the control signal

5 from circuit 180 could be used to_control capacitor charging
by altering the width of the charging pulses rather than
their number. ‘

JIf the magnetron output pulse repetition frequency"
and output pulse length are kept in inverse proportion

10 when changing from one range to another, the desired |
mean magnetron current will not alter from range to |

-;aﬁge. However, if this_is not the case, conﬁrol circuit
180 is desigﬁed so as to be settable by thé range switch
.so as to control mean magnetfon current at different;
15 appropriate, levels depending oh the range setting.

- So f;r as is known, previous radar equipmeﬁt.
for use on small boats has not used less than 48 watts
power. The various power saving features which have been
describea above are capable in practice of giving power

20 consumptioﬁ of about half this much, which is a very'_
substanfialiadvantége since it makes the present system

feasible for use on a Véry large number of small boats

whose power supply systems would riot be adequate to
. power previously avaiiable radar equipment.' Further,

25 this reduction in power consumption may be achieved even



jence nunper of capacitor charging pulses) in response to a detected frall-#

i n mean current and to decrease it in response to a rise, whereby
capaci tor 25 chargi ng such that the nagnetron is always fully

~ 38- but not over-driven, irrespective of .the. supply voltage.

Agai n, \{ b¥s i s achieved while charging the capacitor froman unstabilized

- supply vol tage without dunping power. = 3%imoul d be appreciated that the -
~control signal 5 fromcircuit 180 could be used to control capacitor -t
char gi ng byusingrangoPhdefildidt ivn ICRT chathergthanses 50f hasr1depibhei r
~nunber. If the magnetron output pul se repetition frequency- and out put

pul se | engtCRAras kgt conmoniyr sanpkoypedt fnnshal lwbeate heagdmng from one

range to another, the desired nmean nagnetron current will not alter from
range to range. However, if this is pot the case, control circuit 180 is
designed so as to be settable by the range switch -so as to control nean
magnetron current at different, 15 appropriate, |evels depending on the
range setting. So far.as -i:s known, previ-ous radar equi pnent f.or use on

smal | boats has not used | ess than 48 watts_power. The various power saving
f eat ures whi ch have been descri'bed above are capable in practice of giving
power : : : , :




20 sscomsupption of about half this nmuch, which is @ very substantia Eﬂp

advant age since it nakes the present system feasible
| ar ge number of .smal|l boats whose power supply. syste mﬂ) ﬂﬁllu ii,
ade?ugte to power previously available radar. equi pmen this

gct

red lon in power consunption may be achieved even - 39 - usi ng a 900
defl'éction CRT rather than a 500 deflect|6 CRT as is commonly enployed in
spad, | boat radar. - 40 - CLAIMS: 1. A radar equi pnent conpri-sing a CRT

display and a radar pul se generating system powered froma common power

~ supply,. and anﬁé gfircuitry operative to cause beamdeflecting current
- for the CRT display

,and current 5 for the devel opnent.of a radar pul se,
to be drawmn fromthe common power supply during respective intervals which

~do not overlap in tinme. 2. A radar equipnment as clainmed in claiml1, 10

operabl e in cycles, epch gygheainefudphand EBhpkeasIndell exr aispidydaad ng
of current for developnent of a
a radar pulse generating system powered from a common
power Sﬁpply, and control circuitry operative to cause
beam-deflecting current for the CRT display, and current
5 for the develqpmént of a radar pulse, to be drawn from

the common power supply during respective'intervais

which do not overiap in time.

2. A radar equipment as claimed in claim 1,
10 operable in cycles, each cycle including a CﬁT beam
| deflection andldrawing of current for development of a
radar puise, wherein the control éircuitry is responsive
to a cycle initiating signal and includes delay means -
for deléying the pulse development current interval
15 relative to the beam-deflecting current 1nterva1 so that

they do not overlap.

3. A radar eguipment as claimed in claim 2,
comprising means for changing the.lehgth of the beam-

20 deflecting current interval.
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‘ radaruyl se, control circuitry is responsive to a cycle "= ®¥
i ni tAary 5” ’ma @”ﬂﬂas del ay neans for del aying the pul se .

15 relative to the beam defl ecting current

¢ o that they do not overlap. 3. A radar equipnment as clained in
crat conpri sing means f.or changi ng thﬁ | engt h of thé beam 20

defl ect™ng current interval. - 41 - A radar equi pnent as cl ai med in o~
claim 3, conprising nmeans for changi ng the delay. 5. A radar equi pnent as R X
clained in claim4, 5 wherein the | ength changing neans and del ay

changi ng- means are interconnected to enable said Iength and said-delay to

be changed together. 6. A radar equipnent as claimed in claim5, 10 wherei n

the length and del ay, chgnghagr"BgaSpALALORE! 20bamda An NG E BN Ng
control. 7. A radar equipnent as claimed in claim3, wherein the delay

nmeans is a GidmpktisiN@Shedtsa¥orschangafly’ ehlealdled dyy. an el ectrt cal signal.
8. A radar equipnent as clained in claim7, wherein the delay nmeans is a
nonost abl e.circuit- having a signal - controllable time constant.

5. 'A-fadar equipﬁeht-as claimed in claim 4,
5 wherein the length changing means and delay changing means
are interconnected to enable said length and said delay -

to;be changed together.

6. A radar equipment as claimed in claim 5,
10 wherein the length'and'delay changing means are operable

by a-ranée changing control.

7. . A radar equipment as claimed in claim 3,
wherein the delay means is a circuit whose delay is

15 controllable by an electrical signal.

8; .A rada; equipment as claimed in claim 7,
_ wherein the delay means is a monostable circuit having
a signal-controllable time constant. °
20
9. A radar equipment as claimed in claim 7,°
wherein the delay means is in a scanning unit which
contains the radar pﬁlse generating system, and said
electrical signal is generated in a display unit whiéh
25 contains the CRT display and is electfically coupled to

the scanning unit.



20 9¥*A¥adar equipnent as clainmed in claim?7, wherein the delay means
i'na scanning unit which contains the radar pul se generatin stem a
said _electrical signal is generated in a display un|1u Huf r
CRT d\splay and is electrically coupled to the scanni

A radar equipment as clained i'n claim1 and in which the‘features réferred

‘to in claiml are substantially as herelnbgaore described with reference to

t RgZacconpanyi ng dr awi ngs.

10. A radar equipment as claimed ih claim 1 and
in which the features referred to in claim 1 .are
substantially as hereinbefore described with reference

to the accompanying drawings.
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