QQPARATUS FOR GENERATI NG H GH FREQUENCY PULSES Thiis invention relates to
paratus for generating high frequency pul ses, whi ch i ncl ud q&gge 2{ ren,

and 5 specifically though not exclusively to such apparat-us @ ﬂhi '

equi pnment where the output pulse of the magnetron is transmtted as a

m crowave pul se, such as radar equi pnment and m crowave beacons. In order to

generate a.high frequency output 10 pulse froma magnetron a firing voltage "~

is applied across its input termnals. Jhe firing voltage nust be

sufficiently high, and have sufficient power, to bring the magnetron into

oscillation and typically is significantly greater than 1 kilovolt in

anpl i tude 15ARPA RNTRAS F'OR N rﬁgﬂ ral the problens’

i nvol ved in generating suchg?lquélk%lJ pu sgeIsd;re I'a P‘?Nmﬁgr&éﬁﬁ nrelation to

the anplitude and power of the pulses and nuch work has been done over the

years on various kinds of circuitry 20 suitable for generating pul ses of

the desired vol tage andgoikvenfE6s! Helhtds 145 ng?re S
provi ded apparatus for generating high frequencyégéﬁgélgBg fo %ﬁQﬁféﬁlng

magnet ron havigly Ewpamietrsryripal Ses3NthichSHSLudOE a H ¥etGorft fd 4 N9
voltage across said termnals, said neans being a puls generdt

circuit ﬁm(ﬁP¢ﬂcf®Geil¥uhhpughonageeﬁbwﬁﬁﬁvghjmﬁﬁssﬁEB apparatus

E

for use in equipment where the output pulse of the
\ magnetron is transmitted as a microwavé pulse, such as
radar equipment and microwave beacons.

In order to generate a high frequency output
10 pulse from a magnetron a firing voltage is applied
aqross'its input terminals. The firing voltage must
be sufficiently high, and have sufficient powér, to
bring the magnetron into oscillation and typically |
is significantly greater than 1 kilovolt in amplitude
15 and greater than 1 kilowatt in power.

Generglly, the problems involved in generating
such firing pulses reliably increase in relation to the
amplitude and power of the pulses and much work has
been done over the years on vafious kinds of circuitry

20 suitable for geherating pulses of the.desired voltage
and power.

According to the invention, there is érovided
apparatus for éenerating high frequency pulses,

comprising a magnetron having input terminals, and



.dér.i ving said firing voltage as a pul se‘_h"om.sai d 5 charge storage - @
said t i nai . : : .
woi vo | ower tnalBRe Ao Rt e g F o THfiRR! i Rok B T Rate °

: ¢ whi ch . . . h ot _
egnet on whichoaguiisi . Nt 4RI I WRER elerapiakoRgR TS
lormnals MRANS yidh ! 1RcdtRlds UdRatkel NELEREERT HO8RBIRAAN LR DY
~an equi val ent anount. ce the nagnetron 1rres, it can also draw power from

the bias voItagae§qgﬁgﬁggggigpnpfgyggtI oiﬂ&g?”gﬂﬁtaOfp&fse FP¥H kgdded in -

the firing pulse can a e reduce nce, the constraints on the design
of circuitgy fo ?(g% akkRgalge® hbahBY 9 £l $X¥éird e6@pled
parti-cul ar fOrmlbtl)'1 I rcuit rytg]m%fli cﬁ WIB|9| %Aei(geg;cé?f edﬂfn m)reé(;et ai I bel ow,

a capacitor is 20posdd Wsuré@dofSpiAsN véi1tely BXd 4 'WoLed LbRep! tHRRNY

windi ng of a pulse transfornmer across whose secondary wi nding the firing

vol tage pul se i gndevebDesfe iruquireédotarpinEeidvet Beciinnat o nonaltheof
the magnetron. By utitising the invention, the.required anplitude for the

out put vol t'age magn¥tron 'whish! seurceanst obias voltag® yineludesgsaiid
reduced and consequently, .5 assum ng a given .size of input pulse to.the
pul se transfor mehariges storage ameansl, the transforner nay be reducéd. This

i ncreases the bandwi dth of the pulse transforner which in turn enables a

wi der rang@0of pul se widtltheocapplienitiiartefi the bias voltage across
the input terminals means that the amplitude of the
firing voltage can be réduced by an equivalent amount.
Once the magnetron fireé, it can'also-drgw power from

‘the bias voltage soufce and consequently the amount of

15 power needed in the firing pulse can also be reduced.
'Hence; the constraints on the design of.eirchitry for

genepating_the firing voltage are relaxed. |

In oné'particular form of circuitry which

'will be described in more detail below, a capacitor is

20 charged, and is then.disdharg¢d through the primary
winding 6f a pulse transformer'across whose secondary
wiﬁding the firing voltége pulse is'developed,'this
;_being applied to the input terminals of the magnetron.
By utilising the_invéntigh,_theﬁrequired amplitude for

the output _voltage across the pulse transformer

:  secondafy'-§inding: is reduced and consequently,
5. assuming'a-given size of input pulse to the pulse
| 'transformer, the turns ratio of the transformer may be
reduced. - This increaées the bandwidth of the pulse
transformer which in'turn enables a wider range of

pulse widths to be satisfactorily



3\\transn1tted t hrough the transformer than woul d other- wi se be the case.
HHW’ is a desirable feature, since it is comonly required, for éxanple; in
adar, for the | engt h of t he firing pulse-to have a plurality of different ‘g
values, 5 'so as to generate "~ - pul ses having correspondingly different -
lengths. It can be seen that the invention can enable the tange of

~pul se |l engths available to be increased~ Bn-a preferred form.of the R {}(

i nvention which 100 will be described the voltage across the magnetron
firing capacitor is utilised as part.of the bias voltage, and is '
suppl emented by a further voltage generated by circuitry which is
addi ti onal terafAsmitERidWwrduglt heligettansfopmert dwhar twowldosthétre for
this further 15 <circuitry to be omtted, and for the capacitor voltage to
be the sol e hige bel thge.cdde cOTlsEs hsbaadesdkahie(fe&tureuesimmerithﬁm
the vol tage required to initiate oscillation of the magnetron may be
obt ai ned by wammordwitequiceds for exempleri lin maidamd fiar thhe 2lemgitncof or
charging circuitry. In order that the invention may be nore fully
under st ood, ther fieingd purisslitehave!a pdwrbd itys off ik famenkyvalues,
exanpl e, mnth reference to the acconpan I ng di agrammatic draw ngs.
5 so as to generate C ses having correspondingly
~different lengths. It can be seen that the invention
can’ enable the range of pulse lengths available
to be increased.' | _ _
In a preferred form of the invention which
10 will be described the voltage across the maguetron
firing capacitor is utilised as part of-thezbias-voltage,
and is supplemented by a further voltage generated by
circuitry which is additional to that employed to charge
the capacitor. It is possible for this further
15 circuitry to be omitted, and for the capacitor'voltage
- to be the sole bias voltage. Of course, a bias
voltage of a value lower than the voltage required to
initiate oscillation of the magnetron may be obtained
by various other means not necessarily related to the’
20 .capacitor charging circuitry.
In order that the invention may be more fully
understood, a preferred embodiment,will now-be described,

by way of example, with reference to the accompanyiﬁg

- diagrammatic drawings,



&

-4- In the acconpanyi ng draw ngs, which are diagramm- tic: Figure 1 shows
t.he conponrents which are . ocated in the display unit, 5 Figure 2
#hows t he .conponents which are |ocated within the scanning unit, the
conponents in Figure 2 being linked to'those in Figure 1 by conductors as

i ndi cated, Figure.3 "is a tining diagram show ng the various waveforns that

. oceur in various parts of the circuitry, 10 these being identified by
reference letters in the Figure, and the sane reference |letters being used
to indicate where the waveforms occur in the circuitry of Figures 1 and 2,
and Figure 4 shows in nore detail the ctréurtry which 15 is used for
storing the energy required to fire the nagnetron, and for firing the
magnetron, as nore Benthel agcompasyimge ditawings; ewRiclhrRERAD iBESERNRH ON

Before referring to the structure and operation 20 of the circuitry in any

detail, thetjereral principles involved will first be briefly described
‘with reference to Figures 1 and 2 so as to assist in an understandi ng of
the detail ed expl arktgeret hashaws the laamponrntadehichepieedosdtechual |y -

in repeated cycles 25 _at 1000 or nore cycles -each second. At the

5 Figure 2 shows the components which are located
within the-scanning unit, the components in Figure 2 ‘being
linked to those in Figure 1 by conductors as indicated,

Figure 3'is a timing-diagram showing the_various
waveforms that occur in yarious parts'of the circuitry,

10 these being identified by.reference letters in the/?igure;'
land the same reference'letters being used to indicate
where thenwaveforms occur in the circuitry of Figures 1
and 2,. and | | |

Figure 4 shows.in more detail the circuitry which

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

GENERAL DESCRIPTION

Before referring to the structure and operation
20 _of the circuitry in any detail, the general princ1p1es
| 1nvolved will first be briefly described with reference to
Figures 1 and 2 'so as to a551st in an understanding of
the detailed explanation that will follow. |
The radar operates continually in repeated cycles,

25 at 1000 or more cycles each second. At the beginning of
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grosecond (us)) pul se of very high frequency energy (for exanple~at about

0 MHz) is generated by a magnetron 2 (see Figure 2) and this pulse 5 = 4
energy is transmtted fromthe transmtting section 4a of a scanner o
general ly indicated at 4. The transmitted pulse is reflécted from any

objects which lie inits path and the reflected pul se or pul ses, which my Q} :
be referred to as echoes, are received <atsthe receiving section 4b of 10 il
the scanner 4. A receiver, generally indicated at 6, converts the received
very high frequency echo pulse to a denpdul ated video signal which is

appl i ed t ccadie ayeke anperyobriefiilfnre exgmplee bekwpes WMAi0cmand-shown in
Figure 1. 15 ' The beam of the cathode ray tube scans fromits centre .
“out to itsenandmetns) t andsdanigsiafeceitefieel) apulfe ffnverywhdigh he pul se
is transmtted fromthe scanner. The video signal fromthe received echo
bright - erfreanengsaeneEI¥pdfomexampimat raberted4a0qMizdnds 20
proportional to the distance of the .object which caused the echo.
ConsequentdeRerated ¥ ndt MATREL TN (1 SLQ \ELBUFRdFAI PPdakdis RithSe

centre of the tube face, bright paoinis oeccur on the. display at radial

di st amces YPr SFHHIH -sa#r?ﬁsgpré;%gst ¢t §r??8’ﬂ’n‘jgﬁé 9 &M of any -

obj ect's 29 MUFM, NG S8H§8nERAITY Fnd S hoheh M AR e cea

.‘ggsh cycie a very brief (for exanple, between 100 nano- seconds (ns) and 1

pulse is reflected'f?om any objects_which lie in its path
and the reflected'pﬁise'of.pulsés; which.méy be referred
to as echoes, are'feceived at the receiVing seCﬁion 4b of
10 the scanner 4. “ . ]
A récei@er, genérally indicated at 6, converts the
. received very high frequehéﬁ echolﬁulseﬁto a demodulated
video signal ﬁhich is.applied to the vided ihpuﬁ of a
cathode ray tube (CRT) 8 which is shown in.Figure 1.
15 | Tﬁé_beaﬁ of the éathdde ray tube scans from its
centre out to its periphery;'the scén.beiﬂg_qomménced '
at the momenﬁ when:the bulse is'transmittea from the
scanner, The video signal from £he redeived echo_bright-
‘ens the ;canning:spot ﬁhen_it has travelled a distance
20 proportional to the.distance of the object which caused
the echo. Conséquently, as the.séot'makes'a éinglé sweep
radially awéf from thé.cehtre of thé.tube face,.brighé
pbinté occur oh the displéy at-iadial distances'proportion-
~al to £he distances awaf f;om the scahnet 4 of any objects

25 which have caused echoes of the original trahsmitted
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-6 pulse to be returned to the ' receiving section of the scanner. The E(;é;a
scanner 4 i's directional, and consequently any individual transnmitted puls
®ill only produce echoes 5 fromobjects which |ie along the bearing on -
whi ch that pul se was transmitted. In order to obtain on the face of the CRT

8 an indication of the features which lie in all directions around-the

sganner 4, the scanner is continually rot&t®d by neans of a notor M

(Figure 2) 10 and at the sane tinme the scanning coils. 10 (Figure 1) of the
CRT 8 are rotated around the axis of the. CRT by neans of a further ‘notor,

M2, the mechanical |ink bétween the coils and notor M2 being shown by a

35 Ghenevd 18 PP P iRata 1UE Y ek EotE8, s R TEE, PO R

CRT spot is _travelling in a correspond- ing angular direction on the
face of the AS- the scanner rotates, each successive pulse IS

transmtted in a sfﬁghéj:gngbfrf qrq}r]g d%’é@ioﬂéiecéh&ncgﬁge | ar 20

pOSItIOI’] of successlve scans on screen s simlarl I ncr ement ed,

due ' 10 theuriy NEAH LR Gk E1 A% i vEd O%'ﬁﬁ J*Wiﬁaaga ng%d% @&hsd | s

rotate of the order of once per second e notors geared down as
hecessyy . tﬁcﬂ&*’&t?j’éct@' whiehd 1ilke dl*&ﬁj)h\%eoﬂewfn nS@h8%h RS Sts 25

in Iumnescence for l'east this.long,” so that to fhe eye

pulse was’ transmitted_ - In order to obtain on the face
of the CRT 8 an indication.of the features which lie in
all directions aroﬁhd the scanner 4, the scanner is
continually_rotated by means of a motor Ml (Figure 2)

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

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

the coils and motor ﬁZ'being shown by a broken line 12,
The rotation of the motors is kept in synchronism so that

15 whenever a pulee is being transmitted in one particular
direction the CRT séot is always travelling in a correspond-
1ng angular direction on the face of the CRT As the
-scanner rotates, each succe551ve pulse is transmltted in
a slightly different angular direction and the angular

20 ~position of seecessive,scans on thé_CRT screeﬁ is similarly
inc:emented, due to the synchronism of the two motors.
The scanner and the'CRT coils rotate of the order of once
pei second (the motors peing geared_down as necessary to
achieve this+ end the phOSPhor'bn the CRT screen persists

25 in luminescence for at least_this long, so that to the eye



ularly increnmented sequence of scans on the tube face forma conplete _
cture of the radar-reflecting features which surround the scanner. 5 - b
Normally, it is required for the CRT screen display to be able to show the
surrounding area on different scales. For exanple, when navigating in . -
restricted conditions, such as entering a harbour, it may be desirable for w
t he whol e CRT screen area to show the surrounding area 10 out to only half
a mle radius, whereas in open sea it ek be desirable for the screen to
show the area out to, for exanple, 16 mles radi.us. |In order to achieve
such different ranges, the speed at which the CRT spot scans may be
changed. ¢Re Wi tgbepRuirddityt ol Bibghtsspotshappearsimy amamachrom t he
screen centre to the screen periphery, then the closer to the scanner will
be any -ohpecthahgaguilandy dpparemenbedhsequeeee aif iscarperophthe i.e. the
whol e screen area will be occupied by inmages fromwithin a relatively : '
shorter redge facenforime ascompEtete (photurel pf the ifadse-pefheshdngi s nade
to scan nore slowy, inmmges appearing around the screen periphery will be
from rel aféatehyesowhichs sanrajdctie asdanherscreen will be displaying an
i mage of an area extending for a greater range around the |ocation of the
scanrger . A|MNtNonmeﬂlwheiﬁri§u1¢?u2§edlﬁOF'éﬁﬁEQPWWﬁQ¥P¢§ enpl oyed to

vary the rate of scan on
Y. display to be able to’ show the surrounding area on different

<§§§; - the Iarge plurality of bright spots appearing on each of the

scales. For example, when nav1gating in restricted
conditions, such'as entering a harbour, it may be desirable
for the whole CRT screen area to show the surrounding area
10 out to only half a mile radius, nhereas'in'open sea it
may be desirable for the screen to:show the area'ont to,
for example, l6 miles radius, In order to achieve such
different ranges, the speed at which the CRT spot scans
may be changed. It will be ev1dent that the faster the
15 spot Scans from the screen centre to the screen periphery,
then the closer to the scanner will he any object whose
image appears'on the screen at:its periphery i.e. the whole
screen area will be occunied by images from within a
relatively shorter range around the scanner. Conversely,
20 if the beam spot is made to. scan more slowly, images
appearing around the screen periphery will be from relatively
more distant.objects.and the screen will be displaying an-
image of an area extending for a greater range'around
the location-;f:the scanner, A portion of the.circnitry

25 in Figure'l_which'is employed to vary the rate of.scan on



° 8 - the CRT face is generally indicated at 13. At short range, it is

desirabl e f'or' the pulses transmtted from.the magnetron to be very short
ecause otherwi se there will be substantial |oss of definition 5 on the
CRT di splay, since a long received echo woul d extend over .a substanti al
radi.al distance on the very fast-noving scanning spot. At |onger ranges,
gnhger pulses are desirable to produce a |arge enough bright spot with the
-spot travelllng nmore slowy, -and it is further 10 advantageous to.use
| onger pul ses at | anger rangés to increase g he nean energy receivable in
t he echoes, which tend to be far weaker from di st ant obj ects than they are
from near objects. The circuitry of Figures 1 and 2 contains conponents
which vary the CRUt face tie gemexallyedin@icatlede attidiB.as to match the
range, or spot scanning speed, -currently being used at the CRT. To enable
the user of the rad&r shorstrange, tbe isstesderablearfarbjthe pebsesented by
an imge on the screen, it is conmonly required for the screen to 20 '
conti nual | ytdasphiptedplfinam ithe dnagnegsonortoeber iveryh@hort soeecause, and
equally spaced. Circuitry for producing these rings by brightening the
scanni ng sp@therwéqeathﬁ#FEWﬁﬁf

is generally indicated at 14 in Figure 1. 9
5 on the CRT display, since a long received echo would

extend over a substantial radial distance on the very
fast-mOVing scanning spot. At longer ranges, longer pulses
are desirable to produce a large enough bright spot with
the spot travelling more slowly, and it is further .
10 advantageous to use longer“pulses at.longer_ranges to
‘increase the mean energy receivable in-the.echoes, which
: tend to be far weaker from distant objects than they are
.from near objects. The circuitry of Figures 1 and 2
cOntains'components which vary the width 6f the transnitted
15 pulse such as to match the'range, or spot scanning speed,
| currently being used at the CRT. |
" 7o enable ‘the user of the radar to estimate the
distance of an object represented by an inage on the
screen, it is commonly required for the screen to
20 continually display a plurality of rings concentric about
| its centre, and equally spaced. Circuitry for producing
these rings by brightening the 5canning spot at equal
.intervals as it travels away frdm the screen centre is

generally indicated at 14 in Figure 1.

k ke $ubstan§ﬂ§1ad@ﬁs ndekinttien centre-

9292

A



urther facility normally required is a so-called "sea clutter” control. s
rough weat her at sea, the waves very close to the scanner cause- .

-substantial echoes and this results jn.an area |nned|ately 5 sur r oundi ng 9

the screen centre being continually brlght which is nornally undesi r abl e.

‘To avoid this, the gain of the receiver circuitry is substantially reduced |

during the |n|t|al portion of each sweep so that the screen centre area is o

reduced in intensity. The portion of th 10 circuitry for achieving this is

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

circuitry and its operation now foll ows. RADAR PULSE TRANSM SSI ON 15

A pul se repetitiog %ﬁzggggfgfg@ qgg%frﬂéFanﬂgﬂoﬁﬁi%fréﬁugge avave signal at

a fixed frequency o in F|gure 3. This

I der t 4000 Hz,
2000 e, - B f%anh %&&1&*‘%*@%@ ﬁ#%g?ed“‘fgfé?% e S R
in Figure Cé SI % gz u%gé) 6egp @?ﬁg Ci rcwt 19 V\/m ch-
ses on o an ex

in response génerates pu applica ra hlgh t ensi on
Vol tage of LRIENTTHH Befief %ﬂf“é%ﬂgaﬁ%“ & g |4 PEaT gl e By
5 'surrounding the screen centre being continuelly bright,
which is normally undeei:able: 'To avoid this, the gain
of the receiver circuitry is substantially reduced during
the initial'pcttion of each sweep so that the screen.
centre aree is redcced'in intensity. The portion qf the
. 10 circuitry for achieving this is gene:ally indicated at
15 in Figure l.
A detailed description of the circuitry and
its operation now fcllows.

" RADAR PULSE TRANSMISSION -

15 A pulse'repetition frequency generator 16E
generates a square waQe signel at a fixed frequency of
4000 Hz. The-signaldis shown at A in Figure 3. This
js applied to a divider 18 having outputs at which
irequenciee of 4000 Hz, 2000 Hz, 1000 Hz and 500 Hz

20 are delivefed, see waveforms A; B, C and D in'Figure 3.
-Signal D at 500 Hz is applied to a monostable circuit 19
which in response generates pulses E for application to an .
extra high tension c1rcu1t 20 which may be of known de51gn

and which via line 22 applies a voltage of several kilovolts
25 to the anode of CRT 8..



®
Any one of signals A B and C can be selected -fromthe outputs of divider
18 by rneans of a range switch section 24a. It wll be assuned for the

'ﬂUrpose of the folklow'ng explanation'that it is signal C at 5 1000 Hz

whi ch is being selected by range switch section 24a (this would be
approprlate for the- Iongest two ranges available, 8 niles and-16 niles -
see under "Range Changi ng" bel ow). Thr oughout the C|rCU|try there are
further range switch sections 24b, 24c and 24d and 'all 10 these sections
are ‘ganged together so that when the rarggoswitch is operated sinultaneous
changes are made at various 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 oﬁuﬁiggg%eﬁfcgq q% gerqiéﬂgéqECééﬁ L gg er;ﬁ&perate 'a

trigger pul se F whi I ver ree second

del 2y o T CUigroff LhIowp a8 Coet i diat A Wy ndln SXREaRNElA o Al ter

that delay, circuiit 28 delivers a sign ri stng edge which

when appl i e@widch el 69284/ se d;ﬂﬁmwss%@faw thd0ph it to
us

generate a firing pul se S whose length is ad e 1n a manne I ch
will be desof he FIXVowid§eekplaRati ¥ &hat Si@PPs i 8ghaacs it chi ng

circuit 32 which discharges a capacitor 34 .25 which has previously been
chargedSto appnomznﬁnithﬂB M@hhg seleoEbd by range switch section
24a (this would be appropriate for the longest two ranges
available, 8 miles and 16 miles - see under "Range
Changing“ below).' Throughout the circuitry there are
further range switch sections 24b, 24c and 24d and a1l
10 these sections are ganged together so that when the range
switch is operated'simultaneous changes are made. at
uarious p01nts in the c1rcu1t SO as to adapt it for
operation at different ranges. They are shown set for the
8 mile range.

15 The leading edge of signal C causes a monostable
circuit 25 to generate a trigger pulse F which is delivered
on a line 26 to a three usecond delay circuit 28. The
purpose of the delay will be explained'later; After'
that delay, c1rcuit 28 delivers a signal R hav1ng a

20 rising edge which when applied to a magnetron pulse w1dth
monostable Circuit 30 causes lt to generate a firing pulse
S whose 1ength is adjustable 1n a manner which will be
described below. The firing pulse s is applied to a
switching ‘circuit 32 which discharges a capacitor 34

25 .which has prev1ously been charged to approximately 300 volts

¢



1e manner in which this charging is acconplished will be described |ater)

ough the primary winding of a pulse transformer 36. This causes a -

‘tage in the region of 2 kilovolts to be- induced in the secondary of 5 .
pul se transformer 36, which voltage is applied across the nmagnetron 2 which
~emts a very brief pulse Wof energy at 9450 MHz, or thereabouts, for
‘transm ssion by the transmitting section -4a of scanner 4. The |ength of
the pulse transmtted is variable by the above-nentioned 10 adjustnent of
the length of the firing pulse S appliedgia.the switching circuit 32. A 30 -
second delay circuit 37 prevents transm ssion of the trigger pulse during

- 30 secondis gkt fEnbaS Gd gai-fc]Stﬁ'a-gsEhawgti%ﬁ&rac%%@gggztasa?mtl&Rrr_?gnetron"

2 has 15 warned up befor Iring pulses arefirst a oit. SCAN

The spot gp §BECS ;8 thisd £Y  thESugharkhl! PRini %ﬁ&mﬁgcﬁbeai nstant when-

the pulse Is transmtted from scannér 4. An adj ust nent enables this

to be 20 paAghbe¥eAnSEGHHEANDS , Whirh i sWichh sRAC AMB,GPPAGENn tRePr OVi ded by
means of a delay -circuit 38 whose delay is adjustabl e between about 1.5

ni crosecopdgiandot. 3 RiTovoBEE0BEShe Thaucealing kesokoa8QeyHasnul se C
~energes fromdelay circuit 38 (waveform G and is applied to a 25 range.
peri osl gepalskot rap sfvinier 365 anhichl vélitaere dig cpplied- at2oss the
ﬁagnetrbnié'ﬁhich:emits_alvefy brief pﬁiée W of energy
at 9450 MHz, or thereabouts; for tranéﬁission by the
transmitting section 4a of §canﬁer 4. The length of
the pulsé_tiansmitted.is variable by the &bove~ment@oned
10 adjustmenf_of ﬁhé length of tﬁe firing pulse S épplied i
to the switching circuit-32. | |
A 30 second delaylcircui£.37 prevents‘traﬁsmission
of the trigger pulse during 30 éeconds after the circuit
is firs£ switched 6n, io ensure that mégnetroh 2 has
15 warmed up before firing pulses are first applied to it.
CRT SCAN I |
| | The spot on CRT 8 éhduld'start its scan from the
centre at the inStént when the pulse is transmitted
from scanner 4. An adjustmeng which.enablés.this to be
20 achieved in.a.manner which will become'aﬁparent, is'
provided by means of a deIay'dircuit 38 whose'delay is
adjustable between';boﬁt 1.5 microseconds and'4;5 micro-
seconds. The 1eadin§:edge of'ldoo.Hz pulse_é emérges_
£rom delaj circuit 38'(waveforﬁ G) and is applied to a

25 range periqd_generétqf 40 and to a scan coil driver circuit

®

&
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42. This causes the range period generator 40 to start producing an out-p
waveform O at a preset frequency and causes the scan coil driver circuit 2 y

# start producing a trace period pulse (waveformH), This 5 is a
constant voltage pul se (derived froma power supply 110 via connection X-X)
apd is applied through an inductive. scan speed control circuit 44 to the
seanning coils 10, which results in a linearly rising current (waveform Q
t hrough the scan coils so as to produce |inear deflection of the CRT beam
10 Circuit 44 conprises different inductangg val ues which are sel ected
automatical ly, through linkage of the circuit with the range switch, such’
that the total inductance 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 spof2 0N THigs t ERasedC LHE FEhGOPPERLLA! G rdtDorF AgetECEtaRe
currently in use. ~ Fromthe above, it wiTl be evident that the spot begins

to scan fromprdaudiigCcant batpRitwWaldtomht O hieal padisut efBegeénvgvef orm G
Since the tim-ng of the 1eadi ng edge of waveform .20 G is-adjustable by

adj ust nent eindlatfysé€sr tHet s3an dll @riveégeatRcudit EANESCcepagen be nade
coincident with transm ssion of radar pulse W -Inposition of the fixed 3
[err] del ay produdiyeg Vi etzhces pediicd npnlsef (wavedfiorn3d)npt Thiy to retard,
but al so to advance, the timng of 25 beam scan initiation relative to
radar @il seitsr ancorsstant voltage pulse (derived from a power supply

110 via cbnneétion xéx)' and is applied'thrOUQh an inductive
scan spegd control circuit 44 to thefscanning coils 10, which
results in a Iineérly.rising current (waﬁeform Q) through the
scan éoils.so as to producé linear deflecfiop of £he CRT_beam.
10 Circuit 44 compfises differénf inductance values which are
'selected automatically, throﬁéh'lihkage:of the éircﬁit |
with the range switch, suéh that the total iﬁductanqel
of.circuit 44'and tﬂe scanning coils_io rééults in the
gradient_of_this réﬁp signal and the consequent speed of the
15 scanning spot on the fubelface being appropriaﬁe to the
rénge sgtting curréntly in_ﬁse, From éhe above, it Qill_be
evident_thaf'the spﬁt.begins to scan frdm the CRT centre
coinbident with the leading édge of.waveform G.
Since theitimihg of the leading edge of wavefofm
20 G is adjustablg by aajustment of delay circuit 38, thé.
commencement of beam scan éan be made cojncident with ~
transmission of_radar_pﬁlse ﬁ.__Imposition of the fixed
'3 us deiay;o;.pulse.w enableé'aajustment.of circuit_38'
not only.to retard, but ‘also to advance, the timing of

25 beam scan 1nitiéti6n relative to radar pulse transmission,



gd ei ther nay be necessary in a particular installation to conpensate for
Npr édi ctable timng errors caused by conponent variations, and Vvariati éns

the length of the cable connecting the display unit and the scanning
cunit, 5 fromone installation to another. The duration of the CRT beam
scan is controlled as follows. The fixegdafrequency pulses O.fromrange
period generator 40 are applied to a divider 46. This has a plurality of
outputs for different division ratios and 10 the outputs are sel ectable by
means of a range switch section 24b. The division ratios at the different

ot ot or ok 44 Bheondl opE AiesEd (8] 0 PafBTbHRSE Whaltdidtlen o
commencemy to‘?’*ﬁ%‘&%ggm*sca%nﬁé*%ﬁkﬁéc%‘%ﬂ%# oI
1o ot Lohingt LhriSRbnd ald Bdehibiaoal T SHGRIF 08 (e EE? |
he sl oot Bt ePERRY, e’ BT SORLE ol LAY Scim %WQ? the
scannigg sii¥m i ndt 1hbeah ¥l ciNtd NirfotigeaPp! i ed both to the range period

generator 40 totermnate Its operation (see waveformO0) and to the scan
coi | driver 25 Orﬁéudhré%ﬁﬁ fcﬁrrawt@'rtse‘aﬁngt:aat 1@'60’%9@:&1&6&"[ pul se

H as follows. The fixed frequency pulses O from range
- period generator 40 are applied to a divider 46. This has
a plurality of outputs for different division_ratios and
10 the outputs are selectable_by means of a range switch |
section 24b. The division ratios at the different outputs
of div1der 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
_15 at times (measured from the commencement of the beam scan)
‘which will coinc1de 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 switch and the scanning
20 speed control circuit 44, .COnsequently, the selected
output of divider 46 delivers a pulse at the moment when
the scanning spot is at its limit and this is applied
both'to the range period generator 40 to terminate-its.
operation (see waveform 0) and to the scan coil driver

- 25 circuit 42 to terminate its‘constant voltage output pulse
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H, thus renoving current fromthe scanning coils and allow ng the scanni -
beamtp fly back to the centre of the tube. During the beam scan j ust —,
-@escribed, pulse H5 " is also applied to a bright-up circuit 48 which '
~throughout the scan applies to the grid of CRT 8 a- potentlal whi ch brlngs

the spot to the verge of visibility on the tube face, so that any

&igni ficant video signal applied to the tube will nake the spot visible.

During the periods 10 between scans of thg4spot, the bright-up circuit 48
keeps the tube beam suppressed so as to avoid the possibility of burning

the centre By Wit Terbiers: olBfel! Bibndtld aiiflig WoplkcHhs 40 [ the
rings on ths ﬂgspéﬁd séaﬁﬁfﬁy bebAr li;%d 2, B pcqu A cf9di‘:!§édcé‘ﬁti-8| bews.

. Beam scan pu se H from scan coil ~driver to a range ring
gener at or 5@Qpahiggihd hroughout 20  the duratlon'of pul se H produces an
out put signal K at constant frequency independently of the other

oscillators in the @Queihd.thdhbéainssannl Host @dliodtsea S2puliehaagai n has
out puts. corresponding to different division ratios which are individually -

sel ectgbl e By @A aqiplmetev\at bPightsapt icitroldic @mﬁeﬂu@nthroabheuteach
predet erm ned nunber

the scan applies to the grid of CRT 8 a potential which

brings the spot to the verge of visibility on the tube

face,.so.that any significant video signal applied to

the tﬁbe will make.the $pot visib1e. bpring the periods

10 Dbetween scans of thé'spot, the bright-up circuit 48 kéeps

the tube beam suppressed so as to évoid thé possibility

of burning the centre of the éﬁT screen. The output

of the'bright-upvciréuit 48 is the constant voltage

portion of waveform N.

15 RANGE RINGS

_The range rings on the CRT display, already referred
to, are produced as followé. |
| | Beam scan pulse H from scan coil driver 42
is applied to a range ringzgénefator 50 which throughout

.20 tﬁé'duratioh of'pu}ée H producés an output si§na1 K at

constént fieéuency independentiy'bf_thé other oscillators in
the circuit. This is applied to divider 52 which again has |
outputs corresponding to different division ratios which
arefindividually-Selectable by means of range switch

25 section 24c. Consequently after each predetermined number



pul ses K (the nunber and hence the intervening tine period being

citabl e by range switch section 24c) a pulse fromdivider 52 is applied to
~d pip generating circuit 54 which generates a very brief pulse (waveform
M which is 5 applied to the grid input of CRT 8. The frequency of ring
generator 50 and division ratios of divider 52 are so arranged that four
pip signals fromgenerator 54 will be_apﬁ%led to the video input of CRT 8
at equal i nterval s. Consequently, since e tube scan rotates, the dlsplay
10 ‘shows four concentric equally spaced rings. The ring positlons are the.
sane irrespective of -the range betng enpl oyed, since the.intervals between
pi ps are selected to match the.scanni.ng speed bei ng enpl oyed at the

di fferent ofarmebsed 5K SChRNNMBbEYNGHRONIEATE Osh&hdnkeryeniingitiiate r ot at es
the scanner 4 is fixedly nmounted to an el evated part of the boat and its
out put shaferiodikeing Bettabler Syerrange seitehrpestinn ddainag PSRl two
discs 58 and 60. Disc 58 is formed 20 with a predeterm ned nunmber, for
exanpl e fifingm Qﬁviﬁansﬁaréﬁtammﬁm&ﬁut%raaBéPtEﬁéngZLm%jQﬁﬁﬂﬁxﬂ)5%
formed with a transparent portion_or cut-out 64. ght em_ tting and

det ect i ng Wiskniggnesatasna é’@#é’n’&%‘i’n%fl@“%l?eGéwaf'élf%’i“r &0t whigh

towards di sc 58 at the radlal 03| lon o E %Qertures 62, and .
detectanQBRﬂﬁeqw#eht grig lnp CRT 8.The frequency of ring

generator 50 ‘and division ratios of divider SZ_are so
arranged that four pip signals from generator 54 wili be
applied to the video input of CRT 8 at equal intervals.,
Consequently,'since the tgbe scan rotates, the display

- 10 shows four cpncentric_equally_spaced rings. The ring
positions are -the same.irrespective of the range'being
employed, since the intervals between pips are selected
to match thé scanning speed beinglemployedrat the different
‘ranges. . |

15 SCANNING SYNCHRONISATION

_The motor M1 which rotates the'scanner 4 is

fixedly msunted 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. Dlsc 58 is formed

20 with a predetermined number, fpr example flfty, of
transparent portions or apertures-62_and disc 60 is formed
.with'a transparent portion 6r cut-out 64 A light
emltting and detecting assembly is shown schematlcally
-at 66, for directing light towards disc 58 at the radial

25 Positlon of the apertures 62, and detecting light which



- . ’ '
passes _through the gpertures. Consequently, the output of the detecting

section of assenbly 66 is a train of square pulses as indicated at 68 in

M gure 2, at a frequency proportional to the speed at which the scanner 5
4.is being rotated, which typically would be about 1 revolution per second,
gi-ving a pul se frequency of 50 pul ses per second if disc 58 is provided
with fifty apertures :62. Disc 60 is so orientated on shaft 56 that its
transparent portion or cut-out 64 is aligned with 10 a light-emtting and
detector assenbly 69 (simlar to assend 96669 when the 'scanner 4 is -
directed towards the head (i.e. forwards exactly along the fore-and-aft
axis) of the boat. The relative orientation of discs 58 and 60 is such that

the single pasebspthyesugh) les i ¥partneslS comsRhRaii QP SEE | St pht

assenbly 69 each tine the scanner passes the head of the boat are

super i nposedfokhenNdete dtinPESEEi6R B hLeenbIyndd & & YN LM Sg¢i on di'sc
58. This conbined signal is transmtted on line 72 to the display unit. In

an al t er nat sgaazenpulisEs s apedica€ed6dtasd 4G Rilqurd HA g@yabe in a
single disc., At the display unit, the conbined signal is applied to.a notor
drive circuredteniycipropgortiasal htor ehei vpeed late wiilth aiHd | €sahhem as a
driving signal to notor. M, which is a synchronous notor. _ Consequently,

mot or MR, 24 isf bedsigymatated ptidt Echt sypitplilyshhaftld e dsuevery - 17

. révolutioﬁ per sécond, giving a Pulsé frequency of 50
pulses per second if disc 58 is provided with fifty
apéfttreé 62. Disc 60 is so orientated on_shaf£ 56 that
its transparent pdrfibn or cut-out 64.is.a1igned with

.10 a light-emitting and detector assembly 69 (similar éo
assembly 66) when'thé"scanne: 4 is directed towards the

| heéd (i.e. forwards exactly along the fore-and-aft axis)
of the boat. The relative orientation ofldiscs 58 and
60'is-sﬁch that thé"singie brief pulses 70 derived from
15 . the_déteqﬁion'section of assembly Géleach time the scanner.
passes.the head of the boat are.superimposed on one of the
pulées 68:de;ived from the synchronisation disc 58. This
'combinéd'signal is transmitted on line 72 to the display
 uﬁit; In_an'alternative'constructién.apertures 62 and
20 cﬁt-oﬁt 64'may be in a single disc.
At the display unit, the combined signal is applied
to a motor drive circuit 74 which aﬁplifies the received
pulses and applies them as a driving signal to motor

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

25 if'de§igned to rotate its output shaft once for every



' %
s% ty pul ses received, will rotate the coils 10 at the same speed as '
nner 4 and correspondence between the positions of the two will be
intained. It should be noted that because the heading‘pul ses 70 coincide g

with:5 - synchronisation pul ses 68, they do not disturb the synchronisation =
between notors M and M2. HEADI NG MARK The conbi ned pul se signal on line 72 _-
is further applied to a threshold circuit 76 which passes the 10 heading i\
pul ses 70 but not the synchronization pyI??s_68.'Pulses 70 are applied from
. the threshold circuit to a heading mark clifcuit 77'.. For each pul se, '
~heading mark circuit 77 generates an output signal. which |asts as |ong as

two radi al_ sweeps _of the CRT spot. (at the lowest sweep rate 15 avail able),
and mhichfithpEPﬁﬁfﬁ(¥Q¢E§W$8eowﬁﬁﬂuFQEaW3¥£hﬁ cﬁ?i%,l%jéﬁlFHQradim
mar ker |ine appears on the CRT disghay i ndi cating thereon the bpat's

X

headi ng. $AMe EPEECHGSEFIARNNeROA corFesrandence hrekveernthe to the

exact top centre of the screen. This.inplieg that.20 _when scgnper 4 passes -
the head BPSthdopSact e & ‘Sbihsbfgpq %r?e“lﬁ%pl aF uﬂ??ui_aogf"d be

i ti oned £ scanni.nd beam fram t he, CRT '
oot o RR8QCEnad Teasifde e PiRABLAE. 104 I LS iatLa8 MEE R cans of a

Sonses oosPghRpniiat iUl 156 o4 088, “Enel) 'f¥ ot/ G LATETEHLNT MOt M

synchronisation between motors Ml and M2.

'HEADING MARK - -

The combined pulse signal on line 72 is fu:ther
applied to a fhreshdld circuit 76_which passes the -.7_
10 heading pulses 70 but not the syﬁchionisétion pulsés 68.

. Pulses 70 are applied from the threshold circuit to a
héading mark cifcuit 77. For each pulée, heading mark
circuit 77 generates an ouﬁput signal which lasts as long as twol
radial sweeps of the CRT spot (at the lowest sweep rate_..

15 available), and which is applied to the video input of
CRT 8. Thus, a solid rédial marker_line'appears on the
CRT dis?lay indicating thereon the boat's heading. This’

'heading marker should éxtend fiqm_the séreeq_centre:to

the exact top centre of the screen. This.implies that
20 when scanner 4 pasées the head of the boat, the.scan coils

10 in the display unit should bé positioned so as to
deflect the scanning beam from the CRT screen centre
towards the exact top centre of the_screen. This is
achieved by ;;anS'of a.switch 75 which, when opened, stops

25 circuit 74 from driving motor M2. Consequently, if at
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the start of operation the scanner and display angles are not matched, so

that the headi'ng marker is not at top centre, switch 75 can be opened to

?iefly stop notor M2:and angul arly shift the heading marker, until 5 it
as the -correct position on the display, at which point the scanner 4 and

cails 10 will be in proper angular relationship. BEARI NG MARK A furt her
pect of the display is the provision 10 of a bearing mark, that is to say

a radial Iine on the screen which can be angularly adjusted by a control at

t he dlsplay unit so as to be aligned wi th Xy feature visible on the

di splay.” This enables, in conjunction with an angul ar index provided

-around the tube face, the 15 bearing of such a display feature relative to

the ship's h i nq (Iw'hs&{l %éeg%g?ﬁal VRYS gt e% ﬂlweaﬁ?megf t he

“screen and- th zero posi e angular 1n e read off by an

operator. Forthigy Hgated BbethaE! bl i ¥esHOLg RBE @b Cui t Lo

a bearing naPk CIrCUIt earlng mark circuit /8 responds to a heading

pulse 70 by g F@ﬁ ﬁ¥b53§%&§€h qgechgnggﬁdﬁéﬁ@a(&b(sfu@el?dsﬂaped bet ween
ngt

zero and the: of tine taken for a conplete rotation t he scanner 4,
by neans. of #AYH M2 sHH afgmiasly baarﬁmg:héimimg|msuxér78ugeaer ates,

©upon tern1nat|on of t he variabl e-
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 featnre
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
| heading (which is made always to coincide with the top of
'the screen and the.zero'position on the angular index)
to be read off by an operator. |
. For this, pulses 70 are applied from.the-threshold _
_20 eirouit to a bearing‘markicirenits78; Bearing mark
circuit'78.responds to a'heading pulse 70 by generating a
pulse, the length of which can be.adeSted between zero
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-

&



llehgth pul se, an output pulse having a length equal to the tine taken for
'Iiﬁ CRT spot to make two sweeps (again at the | owest avail abl e sweep,
R.]J

ptition rate). The output pulse frombearing mark cisrcuit 78 is applied P
gate 82 and holds the gate open during two (or nore) sweeps of the

T spot. Applied to another input of gate 82 are pulses L, a plurality

(in practice typically sixteen) of these being generated at equal |ntervals\;-

during the spot sweep as can be seen fromFigure 3. 10 Consequently,

during at |east two successive spot sweqpgs < he spot is brightened e.g.

Si xt een tines per sweep so as to display a dashed |line on the screen, thi.s

bei ng a b iés T.ngg 8agpL L pRAYd Hivigtdalenhbtl dkRidl e screen
centre |s erm ne %S/ j ust

nt of the 15" control "80 on bearing mark

“circuit 7@_ \M]Cﬁ?gns aéawén' fgg Qﬂgemogﬁageg@rmsthgws%@pg |(r@aq_@pses

~ between the can passing the top centre position and the beam bei ng

bri ghtene%ttg—. ‘q]vﬂ@stthQﬁiBsfid swRep tpet eI GRS LREE )heameg mark can

be positione CRT .20 screen at -any angul ar position to mark the’

beari ng, b%!t%dﬁ/tiadnsé hershi Bearioadmatk @ireyifeasuis applieditpl ay. The
pul ses which are ‘gated through gate 82 to provide.the dashed bearing mark

!{lhne &re @_;l%ﬂ:'e\/%t fgmnndspa&Stheuga&b svgmﬁldnﬂrmgrawge (per madegdener at or 40,
> Slgniweeps of the CRT spot. Applied to another input of gate
82 are pulses L, a plurality (in praotice typically
sixteen) of these being generated at equal intervals
during the spot sweep as can be seen from Figure 3. |
10 Consequently, during at least two successive spot sweeps
the spot is brightened e. g. sixteen times per sweep SO
as to display a dashed line on the screen, this being a
bearing mark. ‘The angular position of that line about
the screen centre is determined'by adjustment of the
15 control 80 on bearing mark circuit.fslwhioh, as will be
understood,'determines how much time'elapses between the
CRT scan passing the tOp'centre pOsition and the beam
being.brightened to provide the dashed line; Thus,
the desired bearing mark oan be positioned on the CRT
20 screen at any angular pOSition to mark the bearing,
relative to the ship s heading, of any feature on the
display. | _
The pulses which are gated through gate 82 to
provide the dashed bearing mark line are. derived from the

25 output signal o) of range period generator 40, this signal
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being applied to a divider 84 which once again has a /pluralityof outputs {
for different 'division ratios. An.individual. output of divider 84 is ' '
‘@el ected by neans .of range switch section 24d. A lower division .ratio 5
is selected when the range switch is set to |low range (i.e. high spot _
scanni ng speed), and vice versa, so that the bearing mark pulses L will be
at .frequencies proportional to spot scanning speed, whereby the bearing
mar k dashes on the screen will be identical irrespective of which 10 range
setting is in use.' RECEIVER As referred to above, the radar pulse is :
transmtted fromsection 4a of the scanneL §f the nonment when the CRT beam
initiates its radial scan. . An echo pulse 'is’received 15 from an object
lying in the instantaneous direction of the scanner 4 after a del ay
dependent upbeinige apipsliked ctofat @ivb8pecB84f whihdhheommsmragaimnbasha echo
pul se is regeived at the receiving section 4b of the scanner. Its frequency
Is the sang plugadidy af téetpatsuforf didifestendn ddvidiprROrakhosm ndnner
‘the received pulse is mxed in a mxer 86 with the output froma | ocal
osci | | at or- 88ndd vidnalateutput noérddvides Bldedcnsladtied by mepnsf PEd by
I nternmedi ate frequency anplifier 90 and then filtered by filter 92 to
provi de a vi #8896 gwiltcinisectipnedddes Andomerc|dipeisipd Fatde ori gi nal
received echo. The video signal is trans- -21- . '
_ 5 is selected when the range_switch is set to IQW-range
“(i.e. high spot_scanning speed), and vice versa, so that
the bearing mark pﬁlses 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 range setting is in use.
RECEIVER
As referred to above, the radar pulse is transmitted
from section 4a of ﬁhé scanner at the moment when the CRT
beam initiates its radial_scan. An échq pulse is received
15 from an-object lying in the instantaneous directiqn of'the
scanner 4 after a delay dependent upon the distance qf
the object from the scanner and the echo pulse is rgceived
at the receiving section 4b of the scanner. Its frequency
is the same frequency as thetoutput_of magnetron 2. - In
20 known manner, the received pulse is mixed in a mixer
86 with'the output from a 1o¢a1 oscillator 83 to generate
an intermediate frequency ﬁhich is amplified by_intermediate
frequency amplifier 90 and then filtered by filter 92
to'provide a video signal whichlrepresents the envelope_

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



ted on line 94 to the display unit where it passes through a high pass
llter 96 and is applied to the video input of CRT 8, so as to bright err t he
canning spot at a radial distance fromthe screen centre which is 5 ®
oportional to the actual distance fromthe scanner of the object which '
produced the echo. The local oscillator 88 may be of any known kind but it
Is preferred to enploy an oscillator, such as a Gunn-effect oscillator, . -
whose out put frequency can be 10 adj4dspgd-by adjustnment of the level of a-
d.c. input signal. Local, oscillator 88 in the described enbodi nent is of
this kind. The d.c. signal for tuning its output frequency is provided by

?{‘?a?"hgstsavétw%'ﬁﬁ ooy, ¢ gft?fee SEaplf et here 3F B f%gsaé"%‘gvfﬁﬁééed
o pass fodst R Bigh Blbeed AL SECLhATLEl pBf 30 3 s dfe
S gt M BB

of 20 'S Nno t he tunl I npu oca r

- Thus, Dby adilgl} gdiQEF.ﬂ %%%&é&'ﬁ%@ét&@%&&i i t 98, the

frequency of 1 oca oSci can be adjusted so as to provide optinmum

anpl i fg Catpﬁb&ftidﬁaie‘é‘é' ae atud ) diwriRee! ¥irBa 8¢ i¥ariet NoE 25

circuitry.
the object which produced the echo.

The local oscillator 88 may be of any known kind

but it is preferred'to employ an"05ci11atOr, such as a
Gunn—effect oscillator, 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 4. c. signal for tuning its output frecuency.
is 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 high-pass 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
88. '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.
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GAI N CONTROL AND SEA CLUTTER CI RCUI TRY A gain control circuit 108 is
manual 'y adj ustable to generate a constant but adjustabl e*d.c. gain control
-#ol tage which is applied by line 106 to a gai.n control 5 I nput of -
internedi ate frequency anplifier 90. Referring.to Figure 3, waveform I
‘illustrates the formof the video signal when echoes are being received
fui\m rough water. It can be seen that the22ar | i ést echoes are of
substanti al anplitude and woul d cause the 10 CRT display to have a brigh

patch aroungai SCORTRGYL, M rbﬁﬁ étggﬁgékgggagé is undesirable. This can

“be elim nat F 02 (Figure 1) which

G ustabl e peri od 18 S4af Sofbead RIsY, UL hetiiily 1IN 1
106, ConsequoneTy Ty % GPay CaRPCbRE, AR, €T b, Sgeal o) %,
(i ces, the S5readd, WRECH TP Spfieeg’ By BN AGE o, o Sopks ¥l el Y
T cuit 102 BRG DS egtnad R bR ML £ P02 e of “si gnal
3 the display of epBeutrsielvSOpisare Hio%ad iRl PUIT1bE IR Atk 25

be attenuated to any desired distanCe out fromthe centre

form of the video signal when echoes are being received
from rough water. It can be seen that the earliest
echoes are of substantial amplitude.and would cause the
io 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 clutter

circuit'lozf(Figure.;) which receives the trigger pulse F

and'generates an output signal J having an adjustable'ﬁeriod

15 settable by means of a coﬁtrol 164. This signal is super-
imposed on the d.c. gain control voltage from circuit 108,
on line 106. Consequently, when signal J is.low the gain

- of amplifier 90 is held at a reduced level so the video
signal is_atteﬁuatedm' As signal J gradually rises;'thal

20 gain of amplifier 90 is increased until the video.signal
is amplified in normal manner. By adjusting control 104
on Sea‘clntter'ci:cuit 102,*and thﬁs adﬁusting'the
timing of.the'trailing edge”of sigﬁal J,'the display’
of echoés reéeived from rough water arouﬁd the boat can

25 be attenuated to any desired distance'out_from the centre

e Video signal is



¢ events occurring while the CRT spot is sweeping fromthe screen centre
he 5 screen periphery i.e. up to the termnation of ranp signal Qin
Figure 3. It is.a feature of the descri bed .enbodi nent that during this
period no power is.drawn fromthe d..c. power supply circuit 110 for the
~purpose of recharging the magnetron driving capacitor 34, which becamne
partly 10 di scharged when the magngthgn_was fired inmmediately after the
"begi nning of the cycle. However, once the CRT scan has been conpleted a:
further sequence of events S |n|t|ated to recharge capacitor 34 ready for
t he next ga% Euh% be transmtted. This is achieved as follows. 15
The del ay ? h Nk

st and- of f se to the | eadi ng edge of signal R
fromthe 3@5& gﬁéﬁ@é

| I - ut of Ztapd off period circuit 132
t
tor n n2¥“feésj ot af a;f tape:‘%;%fg@aﬁt Ragn Zé‘ar‘fe&%pl qcelaré#%w%ﬂf .ﬁgiﬁeh
1
P2 Gener SPECRR s5SE ¥ Sl gpiho POl eha she i qnrg "85 B 000
genergt es 28:88§p§%f§§ﬂ8¥y'&.Q?VHEQ éoPEQQekégmf%gtiéﬁEBf‘ra$$98f§nH1'S

applied to :
Q in Pigure 3. It is a feature of  the described embodiment

he di splay screen-. MAGNETRON CAPACI TOR CHARG NG The above expl ai ns
t

that during this period no power is drawn from the d.c.
.power supply circuit 110 for the’ purpose of recharging
the magnetron driving capacitor 34, which became partly
10 discharged'when the magnetron.Was fired immediately after
the beginning of the cycle. Howeﬁer, once the_CRT'
scan has been completed a further sequence of events
is initiated to recharge capacitor 34 ready for the next
radat puise to be transmitted. This is achieved as follows.
15 : The delay in the initiation of capacitor charging
is effected by means of a stand-off period circuit 112.
In response to the leading edge of signal R from the 3us
delay circuit.zs,lthe output of stand-off'period circuit
112 goes low (signal T) for a predetermined period of
20 time. That period terminates just after the'epot scan
hes been completed at whion-time the output of stand-off

period circuit 112 goes high, and the leading edge thus

Y ffFX®Rapacitor charging is effected by means of a



Runber generator 116, which is an independent oscillator, 5 and whi ch
‘generates .a'train of pulses V so long as it is receiving the pulse U from
@grcuit 114. Consequently, the length of pulse U determ nes the nunber of
pul ses V generated by generator 116. The pul-ses V are applied to a pulse

wi. dth nonostable io circuit 118. This generates an out put pul se for each
CiQput pul se’ received, but ‘the width of each output pulse can be varied in a
manner., and for a purpose, which will ke gdescribed bel ow. The out put

pul ses from pul se wi-dth nonstable 118 are applied to a pul se generating
circuit 15 120 (which will be described in nore detail with reference to
Figure 4) which for each input pul se received applies a pulse of charge to

capaci t or A%eﬁéheéeéa e¥eghedisl \a Shaxjivy { pérLaaacirenito 1a 4/ oitiags, in the
region of 300 volts. Charging of capaclitor 34 ceases when the 20

pr edet er m negh NEEPEEN8E , DT aite s\aite o it he¥gnhter hawingg el The
circuit is then in a condition ready for transm ssion of the next radar

pul se by eneéseaeteﬁmﬁédnnemmn Bigmall sUnLst appided tid isatpulsef the
next sweep of the CRT beam -25- . On smal |l boats, the standard formof

power suppl yndribert f genevator” 1a6i owhixcipply anl lagepehdeneu logtdidlatd Y cui t
conmponent s needing them may be derived in ways known in thenselves) is a 12
' voIt batg er yamdbawlybch generates a train of pulses V so long as it
is receiving the pulse U from circuit 114. Consequently,
| the length'of pulse'ﬁ'determines the number Of'pulses_
v generated by generator 116. |
- The pulses V are applied to a pulse width monostable
.10 circuit 118, Ihis gene:ates an output.pulse for each
input pulse received, but the width of each output pulse
. can be varied,in-a manner, and for a purpose, which will
be described below. :Thé output pulses_fiom pulse width
monstable 118 are applied to a pulse generating circuit
15 .120 (which will he desc:ibed in ﬁore detail with refetence
to Figure 4) which fgr each input pulse received applies
‘a pulse of charge to capacitor 34, thereby eventually '
charging the capacitor to a voltage in the region of
- 300 volts. ‘Charging of capacitor'34 ceases when the
20 predetermined number of pulses in waveform V have been
'completed. .The circuit is then in a conditien ready for
‘transmission of the next(radar pulse bylenergisation of
magnetron 2, and siﬁultaneeus'initlation of the.next

sweep of the CRT beam.



n\ fromthe propul sion notor or froma generator notor. However, the
gH% ating conditions are normally such that the voltage avail abl'e Trom-

upply 110 may vary between 11 volts and about 16 volts'-. In prior radar.
units, the circuitry for charging the nmagnetron -energising capacitor 10
has been designed so as to be operable froman input voltage of about .10 o
volts so that there will always be an gdggugte I nput voltage for its N
operation despite the fluctuations in thé& output voltage fromthe power .
‘supply. However, to avoid excessive |oading of the capacitor 15 charging
circuitry when the supply voltage rises substantially.above 10 volts, as is
often the case, 0n @makl ybaatslekheostapdandifiormof cpewertry has been -
enpl oyed which-in effect dunps power when the output of supply 110 is -
significasupplabdmg:uanmtEh1¢£f§apéﬂ§ﬁ BWPRlY WaktageedEPR heat sinks
and of course represents an undesirable waste of power consunption jn the -
radar uni @lll those aixeaienconprngngssaeesdng tthemdpayrbe dexdyedx

vol t age st abi,li-ser for supplying the capacitaqr. ch ing, circuitr ith its
at t endant 180WRYSaknawR Md%g?‘l“ﬁﬁﬂgefi %éstae 1% ‘ﬁa\grbgﬁFEﬁyhé%’# ,
I nvol ved, are avoided as_follows, - %6'- A vol t age, sensor _circuit 122
cont i Bual EFofethes RERPRISELOR WBELYLYRT A IOG %ﬁﬂﬁ#@tﬁﬁoWP 8%*ong as the

sensed vol tage remains bel ow certahq threshol d | evel

However, the operating conditions are normally such that

the #oltage available from Sﬁpply'iIO'méy vary between 11
 volts and-abont 16'v91£s:“ In prior radar units, the
circuitry for charging the mégnetroh_ehergising éapacitbr
io has been designed so as to be opérablé_fromﬁan input
voltagé of'ébbuf'ib volts so that there will always be
an adequate inpht voltége'for its Qpérati@n despite the
fiuctuatibns ih the'bufput véltage'from the.power supply.
Hoﬁever, to aﬁbid excessive loading of the cépacitor'

15 charjing circuitry when the supply.voltage rises
substantially above 10 volts, as is often the case,
relatively éompiéx_voltage st;biliser circuitry has been
employéd'which in'éffect dﬁmpé-power'when the output of
supply 110 is'significant1y above.10 volts. This power

20 is dissipated in héat'sinks and Of'course_representsfan
undesirablé waste_pf.power consumptioh in the fadar unit.-:
In thé.embodihént being deécribed, the need for a complex
voltage stabiiiser'for-suppl?ing'the'capacitdr charging
circuitry; ﬁitﬁ its attendant cost,'ana the undesirable

25 waste of power which has been involved, arefavoided'as

.folloﬁs.



'ﬁmich wi |l not overload the capacitor charging circuitry, 5 voI;age '
- sensor® 122 ‘produces no output signal on |line 124. However, when the 'sensed Z
-#gol tage rises aboye, this'threshold | evel a proportionate signal is

~devel oped on line 124 and ‘applied to the charging period circuit 114. This .

is a nonostable circuit whose output pulse (signal U has a 10 constant
-kgngth in the absernce of ~a signal on |ine 124 but whosé time constant i's
‘reduced, with consequent reduction i-n the Iength of the output pulse in
proportion- to the value of any input sign2é epplied on |ine 124.

Consequently, as the.supply voltage from power supply 110-15 rise$ above

the threshold value the resultant output signal fromvoltage sensor 122

causes a proporti o&ataf?iﬁ%get kenddr trffrn% &gt B29f Jud ,égfikd\é%%g)y

chargi ng period circ t o pul se nunber gener ator thus a

di dt
the pul s6 vl el BALEO Yo TehbE BEIRIEL b ﬁfﬁé‘%&n&ﬁ%?f%bﬁse%p{%"f not
their widt h;eheeah%c% e%éﬁ R if‘eﬂs»?tg EBE‘Qaé, exﬁ-é‘ sapqweﬁgl y

reduced and so I's the n 0 pulse charge |vere y pul se

gener at or 1@18 1ER ¢ANACIHSE %gerlg‘idmﬁlﬁescgéacﬂﬁbrvgeﬁ)&éiﬁ@ BYikeRitry,

gener at or to capacitor are derived the power supply
110 an%thevaﬂeuga %fe gfzzn aq 'éutgatew%ﬂ OBA" 15A831 240 the
I nst ant aneous value o e outp VO tage of supply 1

However, when the sensed voltage rises above, this threshold
level a proportionate signal is developed on line 124 and
~ applied- to the charging period circuit 114, This is a
monostable circuit whose output pulse (signal U) has a
10 constant'length ih'the absence of a signal on line 124
| but whose time constant_is reduced, with consequent
reduction in the length of the oﬁtput pulse, in proportion
to the value of.any input signal applied on line 124."
ConseQuently, as-the supply voltage'from power suppl&'llo
15 rises above the threehold'value the resultant cutput:
| aignal from'ﬁoltage sensor 122 causes a proportionate
reduction in'theilength'of_pulse.u delivered by charging
period circuit 114 to pulse nomber generator 116, and
| thus a corresponding reductioh in the humber of pulses
20 in signal V'applied'to'the_pulse-ﬁidth monostable 118.
Cohsequehtly_the number ofppulses (but not.their'width)
in the output from pulse width'mono 118 is correspondingly
reduced and 50 is the number of'pulses of-charge delivered
by pulse generator 120 to capacitor 34. The pulses

25 delivered from pulse generator 120 to capacitor 34 are



. contains nore charge but by nmeans of the circuitry which has just been
‘\described -the total nunber of pulses appl2ized to the capacitor 34 to charge g
it is reduced. Consequently, the ampbunt of charge applied to capacitor 34 '
s kept substantially constant even 10 though the output voltage 'of power
supply 110 may rise very substantially ahove the _threshold |evel set at <
vol t age seﬂ@bil"&ézfrq“t'% PRVEE B¥FPLY R 109 .and the aneuntefcircuitry
takes only so much power as it needs_for adequate chargi ng of the capacitaor
and- t her e ¢hange ndnneachsipyl se, ignfherafoxe proporsdenahctachheation, in
-tinmg, of the CRT beam scan and_t?e capacitor chargi ng step has_variqus
advant agestnsiant anesus, ¥akue f, the; l%’@%i\'?}gﬁgecﬁ’rfr EHPPI¥Lfe pover
supply 110. By avoi ding.drawi ng, both_currents- 20 'SinultaneOUSIX l.ine
| osses i n GonsegreRELYve ¢5t€§§p¥9#t%ﬂq3F4$F§h§§€hp£H%§%mﬁEH Eﬁpry
both the currents) are reduced hus further reduci ng, power consgnption.

Al so % i $9 rappettere 34, _‘?ﬁ‘_&?@j_“_ﬁl frozie & Q’F?/e-f_)_a\_‘tsh i eARDr9operati on

150l 1) Eheriain GRkE Vot daas canEtn PasthdRptTihed thaapspl © oo
- | f th - 28 - : d ‘th ti f thi

Tmargi 1 whRSE S Palaes, aPRELEH D] the GHRACIEDE PAOEQ FRFER! | s

pl aced N

(é%ﬁnsequently, when this voltage rises each pul se applied 5 to capacitor

it is reduced. COnsequeﬁtly('the amount of cha;ge applied
. to capacitér 34 is kept sﬁbstantially consgaht even
10 though the oﬁtput’%dltaje bf_power supply 110 may rise
very subsﬁantially'abéve the threshgldllevel sét at
voltaée.sensor.122; It can be appreciated that in this.
way the'circuitrf.takes oqlf 80 much_power_ﬁs it needs
for adequate cﬁarging.of ghe capacitor and there is
.15 no necessity for any.powef to be dpmpedil B
The separatibn, in time,'df the CRT beam scan
and thé,capacitor charging step has-various advantages.
Both these'p:oggssés ;eguiie significanf current from the
: power“suppiy 110. Bj évqidiné_drawing.both currents-

20 simultaneously, 1ine losses in the conductive paths  (especi-
ally in those péths which carry;both the cur:énté) are reduced,
thus.further redudihg'powér consumption. Also it is the
practice to design.all citcuitry for satisfactory operation
when the power sﬁpp;y'voltage is about 10% beiqw its

25 normal 1eVe1.Jg;g; iz_volts);  The,reduction in peék

current consumption_achieved by non-overlap of the



gh the design of the circuitry. Al so, since the high energy transitions iié;;
-i.nvol véd i.n" cdpaci tor .chargi ng do not occur while the receiver/CRT scan ar N
&tive, theinternal filtering required to prevent the former interfering

wi.th the latter can be sinplified, saving cost. FIGJRE 4 Sone aspects of
charging and di scharging capacitor 34 10=wi28 =now be described in nore

detail with reference to Figure 4. Pulse generator 120 is shown within the

br oken-1i ne twex, cexpehted reiducegm viche fpropoheiponsofi thilsi martim (whelch is
connection Y-Y in Fig. 2) and the common |ine 128 of power supply 110, and
recei ving i tabsorbedl byi Jine flossaescamdt theérefopel 3ess domstraintonicstpbiced
118. Each out put pul se from nonostable 118 renders conductive a :

transi stori sen thetdashignciof tihe Sixrowitini oAlappl gincet dhe higle energy
applied to the primary 132 of a pulse transfornmer generally indicated at _
134. This ge'h@!a%%'éiahsoéml";ﬁjf sn xeapaeitergabargdngade aet stcqny sfhile
proportional to the length of the pul se from nonostable 118 across the
‘secondgy 13hefrepelyer/CRT foarvrane actheepothei inpternade fidtaring sych

as to pull- charge through a diode 138 onto a capacitor 14Q and, via a diode
142 onto t hekeRiredphe PEevent \whe, formex ninterfegdng. wddh ddnkpkten pan
-overshoots in the o ite direction.further charge is driven from
capacitorZURFt?&%ﬂgﬁggﬁédesﬁ&?ﬁﬁﬂ??%%pacitor 34. As al ready - 29 -

FIGURE 4
| Some aspects of charging and discharging capacitor 34
'10 will now be described in more.detail-wiﬁh reference to Figure 4.
o Pulse generatbr 120 is shown within the broken-line_qu,
suéélied with power from the positive line 126 (see connection
Y-Y in Fig. 2) and the common line 128 of power supply 110, and
 receiving its control sighal from the output of pulse width
15 monostable 118. |
‘Each output pulse frdm monostable 118 renders conductive
_altransistotised switéhing ¢ircuit 130 so that a supply voltage
pulse is applied to the primary 132 of_anulse transformér
- generally indicated at 134. This'generates_an output pulse
20 of higher voltage aﬁd of a length proportional to the
length 6f the pulse from mOnbstable 118-acrbss'the secondary
136 of the pulse transformer. -Thé-pblafity'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 Ehe'voitage.across séCondary 136 oﬁérshoots in the o
6pposite direction further charge is driven from capacitor

140 through dioae 142 onto capacitor 34. As already



;-ptioned, t he nunber of pulses thus applied to capacitor 34 s * _
tomatically adjusted so as to ensure that it is kept charged to a,voltage
approximately 300-volts. Charge is stored on capacitor 34 until the ®

firing 5 pulse is delivered.by nagnetron pul se wi dth nonostable 30. This
is applied to the switch 'shown as block 32 in Figure 2 which, in the- .
preferred enbodinent, is a solid state switching device.having very high <
i nput i npedance, capabl e ‘of 'swi tching=pdPs&d current of up to 16 anmps. 10 .

. at 360 volts and with very fast on and off switching tinmes preferably in
the region of 100 ns. An n-channel enhancenent npde VMOS power .FET is
preferably enpl oyed and, in particular, nodel VNAOOOA qr VNOOLA avail able
from Sil i menitdaned; chef nmagerr L Barisas rthusgprhded: SOTRARAGRODE t he
FET is protected by an 18 volts Zener .di ode 144 and the out put, by, six such
di odes 144t rrvtomatigaliy adjusted S0 3R %%t%?“ﬁﬁeéﬁa%d.. df tF 360
volts. When FET 32 is_switched_on by. pulse S capagcitor I.s .di schar ged
t hrough t Henf ishaygedster aoyolkage t&r‘?ﬁﬁﬁ%ﬁﬁ%ﬁeEYhaﬁﬁgé’ﬁ&r “ingin.its.
secondary 150 a voltage pul se in.the region of 2000 volts whi ' ppl i-ed
by 1ine 152 to tHeRaHK GeRESE%&F St "Zit%eg egﬂgli%tt\g%sg\il#%ion of
the magnetron makes_ayail abl.e,at i ts qutput [t Y
pul se ShaviBRtse o5 dehdverrd; Ry Wagqﬁ%ipo%fplﬁfiﬁ/éﬁlagﬁ :"n?q‘gorps[ﬁglb:%jfé(;&phe
- 30 " This is applied to the switch shown as block 32 in '

Figure 2 which, in-thé preferred.embbdiment,_is a sdlid
state switching device having very high input impedance,
capable of switching pulsed current of up to 16 amps.

10 a# 360 volts and with very fast on and off switching
tiﬁes preferably in the region of 100 ns. An n-channgl
enhancement mpde VMOS power FET is preferably employed
and, in particular, model VN400OA or VN4001lA avaiiable
from-Siliconix'Limited_of;Newbury, Berkshire, England.

15 The input of the FET is protected by.an,18 volts'Zener.

diode 144 and the output by six such diodes 146 which

- limit the voltage across the output electrodes to
360 volts. When FET 32 is switched on by pulse §
'fcapécitor 34 is discharged through the primary 148 of

20 pulse transformer 36, thus generating in its secondary °
150 a voltage pulse in the region 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'ié applied to the
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transm tting section 4a of scanner 4, in known nmanner, the duration of thg

pul se’. correspondlng to the duration * of the out put pulse S of magnetron

@l se wi dth nonostable 30. 5

I't should be appreciated that the u

of a Iom1pomered | ow voltage circuit for generating the firing pulse S.,
W th the

signal ,

edge of the

- pul se-wi dth being controllable by a variabl e voltage control

in conjunction with a solid-state 'sw tching device with fast
switching 10 tinmes and the ability to swit-ch a high power input provides
an econom cal and reliable way of energising a magnetron with controll ed
wi dth pul ses, whether in the context of radgg £qui pment or otherw se. A
di ode 157 protects switch 32 agalnst the reverse 15 phase ‘over shoot

Lo AR SO LGP bR T e A 1

1. Lo whi ot SREPFASE, “” A e ilie EOEREPEORALEE R SHANATEHLTR put

power

The

,

se

8,
Ss

Phat ihe Fondt ond SRtREY %&84.% R g o b ?éﬁ%?t@ﬁﬁﬁ?‘#%ﬂ?ﬁ%af%g?s

so t hat nagngﬁron 25 anode 154 starts at zero potential as is nornal

-31 -

5

10

15

20

25

It should be appreciated that the use of a low
poﬁered, low voltage'circuit-for generating the firing.

pulse S, with the pulse-width being controllable by

a variable voltage control signal, in conjunction with

a solid state switching device with fast switching

times and the ability to switch 'a high power input
:provides an economical and reliable way of energising

a magnetron with'controlled width pulses, Qhether in.

the context of radar equipment or otherwise.

| A diode 157 protects switch 32 against the reverse
phase overshoot voltage which can be developed by primary
148 in'resoonse'to the trailing edge of the pulse induced
in seconaary 150.

A parallel RC circuit 156, 158, which is not

- essential for operation, has terminals 160 connected

across it, to which an instrument can be connected to check
the magnetron output power.

The above-description of the magnetron switohing

effectively assumes that the lower end of RC circuit 156,

158 is connected to common line 128, so that magnetron

anode 154 starts at zero pOtential as is normal. In

In



'\E%Qt,_a nore advant ageous arrangenent is shown in which the Iower end of RC ¥
sif cuit' 156, 158 and therefore in effect the anode 154 of the magretron is
connected by a line 166 to a biassing potential which is-provided by a

vol tage 5 doubl i ng arrangenent generally indicated 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_gapacitor 140, this produces a . ::
- vol tage of approximately 600 volts on7li%te ™66 so that prior to 10 e
swi t chi:hg- on the magnetron its anode is at approxi matel y-600 volts relative

Secondary W b To6e; AUFERLAdRol AORREHRRY 48 RRRA BRI PN o

of pulse W] MdE ol 61 RES ATt opss, TH58 LA %g%g&éi&wnggg%%g%éggf

the transforner In turn enabl €s a.w der range o

swi tched bypd %%énfgaraer th%g%%tﬁ%@ih%%éﬁnﬂétbﬁeb&a%-l &0, the

anount of power > 20 by swtch 327i s reduced thus

Ich has to S
i ncreasi ng g¢ 13/i4 BLhsaRhly Potelta I ashfeR! 18dpkeviaramyNed rvon pagee

shoul d be_beIOM/the thresholsm1evel at mhich osc[rlatlpn pould:be !nduced.
A I owgy bigsub ey t 8Rkafigementc geiibrdEl pcihayedtbd a g8 GMdrcuit 168

and connecting the lower 25 end of RC circuit 156, 158 to capacitor 34 to
bias the. comp¥¥sing diodes 170 ‘and 172 and capacitors 174 and 176
connected as shown. In response to'the,input pnlses. '
applied to capaéitor 140, this produces a voltage of
approximately 600 volts on line 166 so that prior'to
10 switching on the magnetron its anode is at approkiﬁately
600 volts relative to its cathode.

In this way, the voltage needing to be.deﬁélbpéd
across séqonda:y winding 150 to fire the magnetron is
:educed.so the;tufns ratio of pulse transformer 36 can

15 be reduced. This increases the bandwidth 0£ £he transformer
which in turn enables a-wider r&nge of pulse widths_to
- be switched by the transformer ﬁhan would otherwise be
thé case; _ '_
Also, the amount of power which has to be switched
20’ by switch 32 is reduced thus increasing circuit reliability.

.The bias #éplied to the magnetron anode should
be below the threshold level at which oscillatibn_could
‘be induced. A lower bias than that described may be

- achieved byfomitting circuit 168 and connectiné the lower

25 _end of RC circuit 156, 158 to capacitor 34 to bias the
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magnet r.on- anode to around 300 volts, but with reduced benefits. RANCE

CHANG NG In a practlcal enmbodi ment, six different ranges, 5 nanmely 0.5
$0, 2.0, 4.0, 8.0-and 16.0 niles are nmade-avail able. = For the first two,
‘the 4000 Hz repetition.rate is enployed by selecting waveform A at range
switch section 24a. For the middle two ranges waveform B (2000 Hz)
select ed and for the two | ongest ranges 10_ %$vefornrc (1000 Hz) is

sel ected. - Consequently the operating cycle radar pul se transm ssion,
CRT beanrscan and capacitor recharge is repeated at. one of these three _
rates accordig Lt NEe0 i , t parrs of
ranges i s selec ed 15 2t diEsad Eo Lrhggd;:sﬁe&agﬂ]b c&%ﬁt‘f dgfﬁg?

| onger range pugdeiig a | onger radar pul.se is de5|red and on a shorter range -
setting a shorter radar pulse is desired. Additionally, since the whole

operating cy®aNGH dHINGESGem i s shorter at short ranges than it is at
|l ong 20 ranges, the stand-off period set by circuit 112 needs to be nade

shorter for short raiges ﬁ%t%ﬂtreﬁﬂbd&ﬂ%ﬂ:dﬁw&dﬁfﬁeréﬁﬂﬁaﬂﬁgso‘c the
capaci tor chargi ng pul ses, determ ned by pul se wi dth nonostable 1 needs
to be gr¥atenamedy louer: ;joylaz, o)l 366,285 0! And® 1@\/09 x@prds 2be mggause a
greater amount of power is taken by each radar

available. For the first two, the 4000 Hz repetition rate

is employed by selecting wavefOrm-A_at-range switch
seotion 24a. For the middle two ranges waveform.B
(2000:Hz)'is selected and for the two longest ranges
10 . waveform C (1000 Hz) is selected. Consequently the
.operating cycle of radar puISe.transmission, CRT beam
scan, and capacitor recharge is repeated at one of these
three rates'acoording to whether one of the shortest,
_ :middle, or-longeStfpairs of ranges is selected. '
15 . It has already been mentioned that on a longer-
range setting a longer radar pulse is desired and on
‘a shorter range setting a shorter“radar=pulse is desired.
Additionally, since the whole operating cycle of the -
system is shorter at short ranges than it is at long
20 ranges, the stand-off period set by circuit 112 needs to
| "be made shorter for short ranges and longer for long
' ranges, and ‘the length of the capacitor charging pulses,
determined by pulse width monostable 118, needs to be
greater when longer radar pulses are to be developed,

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



<éé£9e. The circuits 30, 112 and 118 which respectively determ ne radar s
sé length, stand-off period and-charging pul se length are all 'nongstabl e

citcuits and it is a pref- erred feature that the tine constants of these »
~circuits be 5 vol tage-control |l able. -Cggcuits of this kind are in
thensel ves known, in which the circuit tinme constant is inversely :
proportional to a d.c. voltage applied to a control term nal of the _.:;=
circuit. FpulseanpThe bmsuiits @45283 andodd o whighreapeckively h 3

ext er nal rg:isto; val ues nade voL{ageéh10§§ selectabliﬂaébqggge g@ﬁtghing

i n respons@etermppei yadaghipwlse olengkh, sEpadroff meriodr ickadgginda
d.c. control b\'/ol a;ge %gnerati ng ci rcuti:tah'iGZ zji% tug.% scandnijg‘gvggit is ganged
with the rpw§sesiengl rﬂd-‘epraidﬂ drenes BufidcCu3 TS and 1 t3 PYRE~

hi gher voltages being for the shorter 15 ranges) which is- superinposed on
the triggeerEednfpakuze that Xhe otipe GoRss: f t%%%a?ﬁ’?éﬁguﬁﬁﬁtbeAt

t he anner unit the superinposed d,c. yoltage.is appliged by Jine 164 and
|1 neS 300, vahbasanaonFER et r FLRERIERAPE. shisMind RRe ih Ehenseiues
30, 112 and 118 respectiyely. 20 Sjngce a conbination of -pul se signals
(F) and d.%‘.‘°‘l’§ve§“s?’ \‘SQ‘E"’ pﬁ%%%‘gfkoﬁ- PnEoB§tank tia%ljfé“ﬁ%ﬁ%%Yng and
decoupl i ng arranggnen s,are o. courSﬁ?grovi

118 for enBEPPRETIRAAL A& & &yfond’? gfoagﬁgi%?éiq‘lﬁre?[s‘“}%h%’?%’;'?Qéﬁ“ﬁ%éaind
crebles LN R SUBRLANS Shor SahBRE WSREAL MR Hipb A RRE
may be used with external resistor values made voltage-

10 selectable by diodé switching in tespbnse to appiied control
voltage. Referring to Eigures 1l and 2, a d.c. control
voltage generating circuit ;62 at the scanning uni; is -
gangéd with the range switqh and produégs an outpuﬁ of 0, -

6 or l2 volts (the higher vbltages being for the shorter

15 ranges) which is superimpoéed on the-triggér signal_F on
line 26 for transmission to the scanner unit. At the
scanner unit the superimposed d.c. voltage is appliéd by"

- 1line 164 and lines 30a, 112a and 118a to contfol terﬁinals-
on thelmonostab1e ¢ircuits 30, 112 and 118 respéctively.

zo' (Since a combination of pulse signals (F) and d.c. level
signals is present on line 26, suitable isolating and
decoupling arrangements are of course provided ét circuits
28, 30, 112 and 118 for ensuring-that they_reqund only to
the desired signals). This énables the time constéﬁts of-

25 these three circuits (which in_general'willrbe_different

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



gh different values, one for each of the three repetition rates, by : <§5%
operati‘on of the range switch at the display unit. The above _
@haracteristics of, the circuit are set the same for both of the ranges in
one pair (i.e. longest two, niddle two or shortest two). However it is
- evi dent - 35 - that for the two ranges in a pair the scan speeds and
sgan periods of the CRT beam nust differ by a factor of two. Hence six
‘different division ratios are provided at+ 8HAe-out put of divider 46, each
differing fromthe next 5° by a factor of two, so as to define six ,
different values for the length of the output pulse H fromscan coil driver

sjx different scan periods

42, one for e...This sets the require

for the CRT %gg?heg%g? X?Eélletse'a(ﬂpeex%?%i %&‘ Phethe EBEgSndERetditan ent.
-val ues of ingduygtancg.l t by switghing of circuif 44 ip response to the
range swit ch‘ggﬁég( esyt g’gteilt%*éi%b# v*\is?-? g%“?%l ?VEHE | 8&t é'rg‘el isplay
different scgpqyperiod, thus giving the six scan speeds. Further, .in order
that the range 'rings and the bearing mark dashes may be identi cal

irrespective of 15 té o lﬁﬂﬁﬁﬂ j | pLeved,. fr.equenci es of
t he sigpays for genergffgg_thegaare |ﬁ%ﬁ%%g%%gP%Ep?gﬁo%gggﬁi%ba?fhn speed
by provi d'_ NOsét Xt RE! Bihe! I HHHEDF (888 'ranges in one pair (i.e.

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

'évident




fering fromthe next by a factor of two) from each of dividers 52 and
‘the appropriate one being.selected at 20 each range due to tthe’gangrng
range switch sections 24b, 24c and 24d.- MECHANI CAL ARRANGEMENTS Wth-the
ception of the nmotor M. and the rotation sensing devices 68 and 66, all

the conponents 5 shown in Figure 2 are contained in a single assenbly _
with 3 6 - the scanner 4 and .rotate-with the 'scanner. The broken Iine;(;
166 indi cates diagranmatically the existence and position of five slip i
rings for transferring power and sigunalgg @n the five conducting paths which
link the 5 stationary and rotating parts of the equipnent (line 72 does
not need a slip ring because units 66 and 69 do not rotate). The use of
slip rings is of course well known for this purpose but in prior radar j
systens fothakaforhddes two manges incpyvPadn fhe rﬁﬁamasaeeegsnanéqui red. 10
In the present system the nunmber of skigé; ngs,_and consequently the cost

and |i abi | BEant ® Q¥ dkhe | GRT heaRimpts difhen oy iy Spgharsofavi ng
different functigns on a co condugtor, .and in particular b ttin
Both the vENBe HHERCE L FraTent: GAgioR satlan afe arovighd | "
conductor 94, the gain and_ s tter signal s .on a single conductor 106
and ?he t r Bfg&nea R ﬁﬂ?ﬁﬁﬂﬁtéﬁ&ﬁé%Fsgsmﬁégﬁiﬂ%ié¥%5¥ﬁ9g#E?ﬂgFgchﬁﬁﬁbtor

26. F”Etheéy a factor of two, so as to define six different values

for the length of the output pﬁise H from scan coii driver
42,'one for each range; 'This sets the'reqﬁired six
different scan periods for the CRT beam and, as already:
explained, the cdrresponding different valués of inductance
10 set by switching of circuit 44.in résponse to the range
switch ensure that the beam will be fully deflectea in
each different scan period, thus giving éhe six scan speeds.
| Further, in order that the range rings and the
be;ring mark dashes may be identical irrespective of
15 the CRT scan speed being-employed; the frequencies of
'the signals for generating them are increased in proportion
to scan speed by pfoviding-six output frequencies:(each
differing from the next by:a'factor of two) from eaéh of
dividers 52 and 84, the appropriate ohe beiﬂg,selecféd at
20 9ach range due to the ganging Of rénge switch sections
24b, 24c and 244d. |

h MECHANICAL ARRANGEMENTS

With-the exception of the motor M; and the
rotation sénsing‘devices 68 ‘and 66, all_the components

5 shown in Figuré 2 are contained in a single assembly with



%y al so putting both the notor synchroni sation and headi ng i ndi cati ng
signal’s on a $ingle conductor 72, .a total. of 20 only six conductors are
®equi red including the two which carry the positive and negative power -
suppl'y potentlals to the rotating scanner unit. These-conductors are taken
fromthe scanning. unif which will be located at a high poi nt on the boat,
o the 25 display unit which will be normally located in the -37- huI

~of the boat, by neans of an insulated nulti- core conductor which in many
cases Wl be of substantial length. Su8l eonductors are expensive and
therefore the reduction of the nunber of cores required enables 5 - a
substantial saving in the cost of the length of the cable. MODI FI CATI ON OF
FIG 4 Control of the charging of -capacitor 34 to provide appropriate

energy for g¢heveg@nhee FGHHE 'FStaté WitRCthe0scarEioNseri® bhskeavel of
the supply vol tage, has al ready been-described with reference to Figures 2

and 4. An allinenaéévdnddcatds @Iagrhmmatithliycane Qatsnae andirectly
to supply voltage, is shown by broken lines in Figure 4.- The nean voltage

‘across resi positibn of5&iwid Islhip prdpest Forak ransifer rinan powernandel i ver ed
to magnetron 2. A control circuit 180 shown in broken lines detects this
mean voItagsiendllnonethunﬁivhﬂnbmﬂmctingnpaahs which link the
5 stationary and rotating parts of the equipment (line 72
| _does not need a slip-ring because units 66 and 69 do not
rotate). The use of slip rings is of course well known
for this purpose but in prior:radar-systems for small
boats as many as twelve slip rings have been required.-
10 In the present system;_the'number of slip rings,
and consequently the cost and liability to malfunction,
is_reduced by superimposing signals having different
functions on a common conductor, and in particular by
_putting both'the video.andilocal oscillator tuning Signals-
15 on a single conductor 94, the-gain and sea clutter'signals
on a single conductor 106 and the trigger and transmitted
'pulse.width signals on a single conductor 26. Further,
fby also putting both the motor synchronisation and heading
indicating signals on a single conductor 72, a total of
.20_”on1y six conductors are required including the two which
'carry the positive and negative power supply potentials to
the rotating scanner unit. | I |

These*conductors are taken from the. scanning unitv

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



iipnar which is applied on line 182 to the charging period circuit 114, in
phace of the voltage sensor signal used in 20 t he previously. described
version. Circuit 180 is adapted to Cause circuit 114 to-increase the
chargi ng period (and hence nunber of capdititor charging pul ses) in response
to a detected fall in magnetron nmean current and to decréase it in response
to a rise, whereby to-control capacitor 25 chargi ng such that the

magnet r on hisl bl ofyshéubbrtgr byemeans 38f &nt insulated- dwiltd irrespective
of the supply voltage. Again, this is achieved while charging the capacitor
from an unstwdidonddectoppiwhivh tizganany hcasesuwpiligbeows sulkistsmtd all be
appreci ated that the control signal 5 fromcircuit 180 could be used to

control cdpmgtis cSachi ggnidpctians iaxe t éxpendiveofindhéhelrafinre pul ses
rather than their nunber. If the nagnetron output pul se repetition
frequency thel redpctienl of theymnumber keHt coresnvegudnedoenables 10 when
“changi ng fromone range to another, the desired nean magnetron current wll
not & ter 4 rauhstaneiad saviag Hawkhe cestiqafsthe A&Péﬁh&Q§ﬁﬁhecontro
circuit 180 is designed so as to be settable by the range switch so as to
control ne@P¥gnetron current at different, 15 appropriate, levels

dependi ng on the range setting. So far as..is _known, previous r.adar
-equipnem:HQRIEES&E%&§£QEﬁEE§iJ&me not used less than 48 watts
| Control of the charging of capacitor 34 to provide
apprdpriéte enérgy for driving'thé ﬁagnetroh, in_difect
10 response to the level of the supply'voltage,'has'already
been described with referenCe.to figufes 2 and 4;'

An alternative form of cbhtroi,'in-this case
responsive.indifectly to suppiy_V6itage;'is shoﬁn by
broken lines in figure 4. The mean voltage across resistor

15 156 will be pfopoftibnél'té the mean current delivered to _
magnetrdn 2."A control circuit 180 shown in broken lines
detects this meén volﬁage and'in response_deéelop§ a control

signal which is apbliea on line 182 to thé charging period
circuit 114, in plaée of the vdltagéISensor siénal used in

20 the préviously'described version. Circuit 180 is adapted

. to cause circuit il4 to increasé the chafging period (and
hence number of capacitdr charging puléesi in résponsé to
a detédted fall in magnetroﬁ méan current and to'decrease
it in responsé to a riée, whereby to éontrol'capacitor

25 charging such that the magnetroh is always fully driven

’
»
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'i% The, var! ous power saV|ng features which have been described above
e capable in practice of giving power 20 consunpti on of about half this
lhch which.is a very substantial advantage since it makes the present
systen1feasib|e for use on a very |arge-n@gesr of small boats whose power
supply ‘systens woul.d riot be adequate to power previously available radar
agui pment . Furthér 25 this reduction |n power consunptlon may be

achi eved eyen using a 90  deflection
CRT. ratherbpﬁaﬂ°§!RYeEEQF%BPP@niGNF%R?QtiE%nﬁﬁntbeeﬁﬂmnhxiV¢ﬂtaGEL boat
radar . - CLALMS: 1. eﬁgarat s fQr e erating- high frequency pul ses,
conpr|5|nghﬁaﬁ&gn§h4§1 vaeh PN&@: lﬁrﬁh%rgénﬁ thencapacipryi ng a

firing vol e -across nal s, said nmeans being a pul se generating
circuit whfL'Eaml AR G’d’@s“&f iEﬁ r §UPPLY: é@%s"&ﬁboﬁﬁa@mﬁm@weng
said firing voltage. as .a %se from said charge storage neans, said
‘ternminals being co%ﬁeﬁpeéi sRea2pprecd afed) that othegeostrol, #ignaduer

L0 AR 00 el "5 4 P Rl it i

obnect oa 1, S1ERRTAS, bip plan HEHRS AR bR 5ame8 SRS SeARunose

secondary,éﬁéirmkggbgg,|s connected in serles mnth t he charge storage

If ‘the magnetron output_pulse,repetltion frequency
- and output pulse'length are kept in inverse.proportlon
10 when‘changing from one range to another, the deaired
mean magnetron'current will not'alter from range .to
,_range._-§0wever, if this is not the oase, control circuit
180 is designed so as to be settable by the range switch
So as to control mean-magnetroa current at different,
15 appropriate, levels depending on the range setting..
So far as is known, previous radar equipment
- for uee on small boats has not used less than 48 watts
‘power. The various power saving featureslwhlch-have been
desoribed abooe are capable in.praotice of,giving power
20 -consumption of'about half- this much, which is a very -
substantial advantage since it makes'the present eysrem
feasiBle'for hse'on'a very large'number of small'boats
”whoee power supply'systems'would oot be adequate to
power-previously available radar equipment. Further,
_ 25'd this reduction in power consumption may be achleved even
using a_ 90° deflection CRT rather than a 50° deflection -

CRT as is commonly employed in small boat radar.:



- preans. across the i nput termnals of the magnetron. 3. Apparatus as clainmed
¢laim1 or claim2, wherein said source of bias voltage further ‘i ncl udes
Q20

R circuit provrdrng a voltage in series with that on the char
st orage neans. 4. Apparatus as clainmed in cIaLFl;L,zﬂor—s—’coﬁﬁ%rsrng a
pul se transfornmer whose secondary w nding is coupled to s ent

pul ses to the charge storage neans. 5 5. parat Ls\mm m“ | ai m 4,

when dependent on claim 3, wherein said ¢®cuit orage crrcurt
al so coupled to the secondary wi ndi ng of the pulse transforner to receive
pul sed current therefrom 10 6. Apparatus as clained in any preceding
claim wherein the nmagnetron.has its output coupled to a mcro- wave
aerial. L5 CLAIMS: 7 Apparatus for generating high frequency pul ses,
conprising a nagnetron having i nput term nals, and nmeans for applying a
firing vol tage across said termnals, said ternrnals bei ng coupl ed- across a
source of bias volt ower t uired.to

h
initiate oscillationh® RPB%rﬂﬁbﬁeF?Bnge%ﬁﬁggéPa % %?gﬁag Syypﬁésﬁsfrrrng
vol tage and %:%ng?f%#nﬁ]e %aaaéérera'ﬁgsfnaarhaatatgmrgslgt Ogﬁaemmgs -

comon to bo
for applying a firing voltage across said termlnals,

said means being a pulse gene;atlng circuit which includes
5 charge scofage“means and meahs for.deri#ing said firing
voltage-as'a pulse from said chaf§e storage means, said
termiﬂals being coupled'acrOSS a souroe of bias voltage
of a value lower than the voltage required to initiate
oscillation of the magnetron which source of bias voltage

10 includes said charge storage means.

2. Apparatus as claimed in claim 1, wherein said
charge_Storage means is connected in'oirouit with the
primary winding of a pulse transformer whose secondary

15 winding is connected in series with'the'oharge.storage

means across the input términals of the magnetron.

3. Appaiatus as claimed in claim 1 or claim 2,
wherein said source of bias voltage further includes a
20 ci:cuit_providing a voltage in series with that on the

charge storage means.

¥
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escrlbed‘mﬁth reference to Figure 4 of the_acc gs. The te

Stire speci ficati.on has been reproduced by photoco pplicants .
cyrlgynal typescript .It may contain a few arrenmmﬁr D g!ﬁ difficult to
readThe orlglnal typescrlpts may- be |nspected of the Patent

CLf1ce

PR
Apparatus as clalned inclaim1l and substantially as herelnbefore (ié;;
t .

Wo

4, 'Apparatus as'claimed in claim 1, 2 or 3,
'comprising a pulse transformer whose secondary winding
is coupled to supply current pulses to the charge storage
means.

5. Apparatus as claimed in claim 4, when dependent
on_clain 3, wherein_said circuit is a charge storage l
circuit also coupled.to the secondary winding of the pulse
transformer to receive pulsed.current.therefrom. |

10 . - | . | o o _ .
| 6. Apparatus as claimed in any preceding claim,
wherein the magnetron has its output coupled to a micro-

wave aerial

15 7. Apparatus for generating high frequency
ipulses, camprising a magnetron having input terminals, and
means for applying a firing voltage across said terminals,
-said terminals being coupled across a source of bias
voltage of a value lower than the voltage required to

20 initiate oscillation of the magnetron, and said means for -

'applying a firing voltage and said source of bias voltage )

having a charge storage means common to both of them.

| 8. Apparatus as claimed in claim 1 and substantially

as hereinbefore described with reference to Figure 4 of the

accompanying drawings.

The text of the specification has been roproduccd by photocopying the applicants oria.ul :
typesczipt. It may contain & few anendments vhich are difficult to read, The original
_typesceript oontaining these saendnents oay be inspected on the premises of the Pa.tlnt Office



