Nl GH FREQUENCY PULSE GENERATING CIRCU T This invention relates to a

iy for generating high frequency output pulses utilising a'5

| on-and has particular, though not exclusive,. appl i&@i"p@d}ﬁ(%’!e
erdtion of. radar pulses. In order to energise a nmagnetron, so that it
will oscillate and generate a high frequency output pulse, it is necessary
to apply across its anode and-10 cathode a voltage pul se normally
exceeding 1 kilovolt, which may be referred to as a firing pulse, and the
magnetron then oscillates for-a period gpgrgxinately equal to.the duration
of the firing pulse. The power of the firing pulse normally will exceed 1
kil owatt. 15:-Because of the relatively high voltage and power invol ved,

t here have been special problens associated with developing circuitry
capabl e of syhehi { Ay S . The circuits enpl oyed
have generalPgbgeg§g¥%?%¥$%3ﬂpgg$ﬁg? ekg??Nggeggggﬁgtors. One of the 20
desirabl e characteristics of a nmodulator is that it should be capabl e of
generating firing pulses of different” lengths, so.as to enabl e generation
-of magnetron out put mules e win€06h C8PAEEE9L I bf B8R keRgNs. One type of
modul at or whi ch has been enployed 25 is referred to-as the line type

nmodul ator. TRbfek¥Reng high frequency output pulses utilising a

-5 magnetron and has particular, thoﬁgh_'not excluéiveh
application in the generation of radar pulses.
In order to enéfgiéé a'maéhetron, so that it
will oscillate ana geneia&e a high frequency output
pulse, it.is.necessary to apply écros§_its anode and

10 cathode a voltage pulse normall§ exceedingll kilovoit,
which may be referfea to éé a firiné pulse, and the
magnetron'then oscillates for a period abproximétely
eéuai'té the duration of the firing pulse. The power
of tﬁe firing pdlsé normally will exceed 1 kilowatt.

15 Because of the relatively high wvoltage and power invélved,
there have beenhspecial problems associated with
developing circuitry capable of switqhipg a-firing pulse
onto a magnetron. The circuits empiojed have generally
been feferred to in the art.as modulators. One of the

20 desirable characteristiqs,of a mbdulator is that it
should be capable of generating.firing pulses_of different

lengths, so as to enable generation of magnetron.output
pulses of corresponding different lengths.

One type of modulator which has been employed

25 1is referred to as the line type'modulator. This type



2-ut|%|ses a delay line to define the firing pulse length, and in or der/
tto change this length nore than one delay line is provided, these having \B
different delay values, and relay switches are enployed to swtch between
oneg~5. |line and another The ener'gy passing through the circuit at the
point of switching is relatively high so that the problenms nornally
-§§SOC|ated wi th nmechanical swtching at relatively high energy |evels
ccur. The output pulse fromthe dellay line is applied to a pul se .
transforner 10 which steps up its voltag® for application across the
magnet ron.. - The out put i.npedance.of a line type nodulator is roughly
equi valent to that .of-the pulse transforner, with the result that-only
about hal f of the voltage which mi. ght non1na||y be expected - can actually be -
made avai | aBItélﬁeécré)stgel% haﬁsf—@r fefipe ey Sdmingagpubsasdqoathlry, the
turns ratio of the pulse transformer has to be increased to achieve the
desired out pug d® ©xfey ite nehangenghps Jengthhaanedhan nene uﬁﬁéah’at i 0,
the narrower .the range of _different pul se I'engths that_nay
sati sfact or Hpe2d% \m*%%%d thestg af’Hé‘ngIi%efeﬁeJ}fszﬁm V%B?ﬁer prior
. type of nodulgtor.is: knogw .as 't He “hard_val«e t pe modul.ator. "This enpl oys a
hi gh vol t agBPdaZ&dha & Waﬁﬁ?%ha§ﬁﬁﬁ@ﬁégyﬁdv6F¥ th HeEYEENKPRByol t s

directly acrogss t tron. e hard val ve has t e advantage that . it
can be Surt LB8 APGEBHER T onThe ARG BRSALIP TR bhe clrduit

at the point of switching is relatlvely high so that‘the
problems normally aésociatéd with mechanical switching .
at relatively high eﬁergy levels occur. The output
pulse from fhe delay line is applied to a pulse t;ansformer
10 which stéps up its voltage for application across_the
magnetron, The.output'impedanqe ofla line typenmodulator
_is roughly equivalenﬁ to that_offtgg pulse transformer, 2 
- with the result that only ab@ut half of the voltage which
might nominally be expected can actﬁally be made available
15 _across the tfansfofmer primary winding. Conseauently, the
turns ratio of the pulse transformer has to be increased
to achieve the desired output voltage in the firing
pulse. The higger the turns ratio, the narrower the range'
of différent pulse lengths that may be éétisfactorily
20 transmltted through the pulse transformer.
Another prior type of modulator 1s known as the

hard valve type modulator. This employs a high voltage vacuum
valve which switches a voltage of several kilovolts directly

across the magnetron. The hard valve has the advantage that

25' it can be Switched from conduction to non-conduction by means of



a Nelatively | ow control voltage, and the output pulse length can be Varied,
b%& arying the length of the input control pulses at this relatively |ow

vbPt age | evel . However, the valve is large, requires typically between 5
L0/@nd 20 watts of power for heating of _gis cathode, and requires a

- constant supply voltage of several kilovolts to be provided for sw tching
on to the nmagnetron. The present invention seeks to provide an inproved
circuit for genasmitinge1y dhodresmency ovulpagepubsds theowutputa pugeet ron.
The invention provides a circuit for generating high frequency out put

" pul ses conprikimgtia amyris rvarbedi by vapuingethendeagth pd $det dapsitor mer -
havi ng primary and secondary w ndi ngs, the secondary w ndi ng bei ng coupl ed
15 to the magrasttool ipplaes catyi bals relappvelyi dowg veditass t -0,
capacitive charge storage neans arranged for direct discharge through the
primary wi ndifigpeves hethri Gelye ohsSf bRRER, RRIREFeSeRvPdTdldoeasthi ng
devi ce having output_term nals_which are Cﬁnn%cted in, erfei:mﬁth sauf 20
pri mary i ndi Hy 3 HAWHEES *bnPPBrTt EPKi RSRE1R94 o iand

dapted to del i to sai d-contsol tetmn pul ses. -of_pr- i | ength,
he” seni cond kAT LESF £ S SROF ok BB, PPaLRYRS BT, R el K it PN
its.control tern 0. cond i th - 25
Lhrouoh the 5 B30 OAkGE B0ECEhIROTEHC (LN EHEN M AAE ToANS

deternined by the | epgth,of sSaidi pubae s ¥HeseR¥ s thl brd i WS o rditbwa
resul ting high frequency output pulse are :

circuit for generating high frequency output pulses from

v

. 10 a magnetron.
The inventioh provides a circuit for.genérating

high frequency output pulsés comprising a magnetron havihg
input terminals, a pﬁlse transformer having primary and
secondary windings, the secondary-windiné being coupled

15 to the ﬁagnétron input terminals tdlapply'firing pulses
'theyeto, capacitive chafge étorage means arranged for
direct discharge'through the primary'winding‘of the pulsé
transformer,.an FET semiconductor switching device having
‘output terminals which are connected in series with said

20 primary winding and having a control terminal, and a
control circuit adapted to deliver to said control terminal
pulses of predetermined lengtb, the semiconductor switching
device being“;esponsive to a said pulse at its. control
~terminal to conduct and discharge the charge storage means

25 through the primary winding 6flthe'pulse transforﬁer for a
period_determined.by the lengtﬁ of said pulse whereby a fir-

ing pulse and a resulting high frequency output pulse are




_canpere).
\Yengths are

-4- genératé

d whi ch have pul se I engths al so deternined by the | ength of

said pdl'se. The control pul ses may be of |ess than one watt in power, anCZi>

preferably-are |l ess than one mlliwatt. In 5 the preferred enbodi nent .
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Further, the-control circuit is adapted to deliver pulses wh

controllable, for 10 exanple by neans of a control _signal.
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he i nvention may be nore clearly
power FET (i.e. one of the types capable of handling at

léast_1,amperei. Further, the control circuit is adapted
to deliver pulses whose lengths are contrbilable, for
example by means of a control signal. _

The embodiment to bé described hés the advantages
that Ehe.switching or circuit modification required to
modify the pulse length is effected in a low-power ?art of
the circuitry, no sﬁitching contacts in the ﬁigh-energy

path are required, the output impedance of the FET is

-reiatively low thereby enabling a reduction of turns ratio.

20

25

on the pulse transformer which in turn enables the trans-
former to handle'a wider range of pulse widths, and as

compared with a hard valve modulator, it may be as much as

20 times smaller, requires no heating power,-and does not -

require a constant supply voltage in the kilovolt range.
Ordinary low-voltage solid state circuitry can be.émployed
to generate the coﬁtrol pulses for switching the FET.

In order that the invention may be more qléarly

understood an embodiment thereof will now beé described,

by way of example, with reference to the accompanying drawings.



Nder st ood an enbodi ment thereof will now be described, by mayiof"

>
exdfpf e, with reference to the acconpanying draw ngs. -5- In.the *
acsohapanyi ng draw ngs, which are diagranmm- tic: Figure 1'shows the-

conmponents which-are located in the display unit, 5 . Figure 2 shows
the' conponents which are |located within the scanning unit, the conponents
in Figure 2 being linked to those in Figure 1 by conductors as indicated,
Figure '3'is a timng diagram show ng the Safi ous waveforms that occur in .
various parts of the circuitry, 10 these being identified by reference
letters in the Figure, and the sane reference letters being used to
i ndi cate where the &@v orns occur ig ths Cfncurtrxgﬁf Figure .1 and 2,
and Figure 4 shows PR s ARFAMPaRYEng; ALaWERgSmiWH A% 4re ééégrﬁﬂpa"
storing the epergy required to fire the magnetron, and for firing the
magnet r on, a5t %dre generally illustrated in Figure 2. GENERAL DESCRI PTI ON
Before referring to_the structure a operation .20 .of ,the ciicuggr& I n any
dsscer

detail, the genera}Fﬁﬂqﬁﬁ{ﬂ ip?¥ﬁo Bd ﬁ“PPnFﬂ%ﬁ %ﬂ?%ﬂi%f?y. I"bed

mqth referequ ERth g%:%iL&Hj ? sq és to a§3|st Jn.an‘unQerstahdrng_of

5 Figure 2 shows the components which qréllocated.
within th; scanning unit, the components in_Figure 2 being
linked to those in Figﬁre 1 by conductors as indicaféd,

Figuré'3'is-a timing diagram showing the varioué_.
waveforms that occur in various parts of the_circu%try,
10 these being identified by reference letters inuthe Figure,
and the same reference letters being used to indicate
. where the'wavéforms occur_in-ﬁhe circuitry of Figures 1
and 2, and
Figure 4 shows in more detail the circuitry which

15 is used for sforing.the'energy required to fire the
magnetron, and for firing.the magnetron, as morélgenerally
iliustrated in Figure 2:

GENERAL DESCRIPTION - -

Before referring to the structure and operation
20 of the circuitry in any detaii, thé general principles
involved will first be briefly degpribed with reference to
Figures 1 and 2 'so as to assiét in an understénding of
the detailed exélahation that will follow.
| fhe-iadar'operates continually in repeated cycles,

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



the detdil ed explanation that will follow The radar operates continual
i.h repeated cycles, 25 at 1000 or nore cycles each second. At the
begi nni ng of -6- each cycle a very hrief (for exanple,' between 100
nane=~ seconds (ns) and 1 mcrosecond [err]ps)) pulse of very high frequency

- energy (for exanple at about 9450 MHz) is generated by a magnetron 2:(see-

~Flgure 2) and this pulse 5 of energy is transmitted fromthe
"transm tting section 4a of a scanner generally indicated at 4. The
transmtted pulse is reflected fromany 6ébjects which lie in its path and

. the reflected pul se or pul ses, which may be referred to as echoes', are
recei-ved at the receiving sectigon 4b of 10 the scanner 4, A receiver,
general | y iaffh et acVerynbeied ((fon aanele vebotegn £P8qaR@T echo
pul se to a denodul at ed vidgo signal which_ igs-applied to the videq input of
a cathode B8FMBR %@?ﬁ)aB iHH°ﬁQ§QﬂRﬂ@\f%ﬁﬁfgﬂ?%5§.°§5very highthe peam
of the cathopde ray tube scans _fromits centre out to its periphery, the
scan bei ng *§ X ehersd igﬁﬁhFXﬂmﬁ4qfﬂ§rﬁF€%?'?gsPr ki dfed from the

~scanner. The video_signal fromtfhe recgived, echo bright- eps the_scanning
spot wheningﬁﬁgﬁ?%vggl@dmﬁgBF§Fgﬁb@- e?ﬂ%&ﬁFF?O%LIaPQ FﬁéSdF@@éﬁ%e of

Lhe oblect 1 Gl 0Y5Pd DEngRIRad TGN Yealint 0Es300LTRNSR 2@ SN0 €

4a of a scanner generally indicated at 4. The transmitted
pulse is reflected from any objects which lie in its path
and the reflected pulse or pulses; which may be referred
to as echoes, ére'redeived at the réceiving section 4b of
10 the scanner 4. | .
A receivér, genefally.indicated at 6, converts the
. . received very high frequency echo pulse to a demodulated
video signél which is applied to fhe video input of a
cathode'?ay tube (CRT) 8 which'is shown in Figure 1.
15 ~ The beam of the cathode ray tube scans from its
centre out to its periphery, the scan being commenced
at the moment when the pulse is transmitted from the
scanner. The video signal from the received echo bright-
ens the scanﬁing spot when it has travelled a distance
20 proportional to the distance of the object which caused
the echo. . Consequently, as the spot makes a single sweep
radially aWay from thé,centre_of the tube face, bright
points occur on the display at radial distances proportion-
al to the distances away from the scanner 4 of any objects

25 which have caused echoes of the original transmitted



y away fromthe centre of the tube face, bright points occur on,the ,
\epYay at radial distances proportion- al to the distances away fromthe
scanmier 4 .of any objects 25 which have caused echoes of the original
transhmtted -7- pulse to be returned to the receiving séction of the
scanner. The scanner 4 is directional, and consequently any i ndividual
-transnitted.pulse wll only produce echoes 5 fromobjects which lie

‘al ong the bearing on which that pulse was transmitted. In order to obt ai n
on the face of the CRT 8 an indication of<the features which lie in al

di rections around the 'scanner 4, the scanner is continually rotated by

nmeans of a Fi i he' sga g coils |
10 (Figure lrlr‘?i P/% E’&R%%é-' e{:r%)eeci‘ot agleﬁ r%%%&%% %I? ?ﬁ %T by neans
of a furttmg 38% , the nmechanical |ink between the coils and notor M2
bei ng shown % a bfoken line 12. The rotation of the nmotors i s kept in

synchronlsntso t hagy, 45 ﬁgg%g§¥§h%?iQUA§feb§1B 1349 éﬂégéﬁhéﬂ e 2P€

S
particular directiont Vel Ikng 1h a corre pond- ing

angul ar di rge | PRadslla At lnidee ﬁél ytg:;f%ggt 'pEOdGEESechiBel

‘successi ve lse is transmtte In a t* angu I rection

and t hﬁ_ﬁ angelgh SHjeBes hh‘irbtpflfé'céféﬁévﬁhécﬁ%%ﬁ'hg‘ 6 %rléﬁr\?ﬁﬁt' S

simla

pulse was* transmltted In order to obtain on the face
'of the CRT 8 an indication of the features which lie in
~all directions around thé_scanner-4; the scanner is
continually roteted,by means of a motor Ml (Figure 2)
10 and at the eaﬁe time the scanning coils 10 (Figure i)
of the CRT 8-are'rotated_around the axis of the CRT by
- means-of a further @otor.Mz;-the'mechanical link between
the .coils and_motor Mé'being'shown by a broken line 12.
The rotation Qﬁ the motors is kept in synchronism so that
15 whenever a pulse is being transmitted in one particulaf
airection'thé.CRT spot is alwafs travelling in.a correspond-
ing anguler direction en the face of the CRT. . As the
scanner rotetes, éach'succeSSive pulse is trahsmitted in
a-éligﬂtly different angula; direction and the angular
20 position of successive scans on the CRT screen is similarly
incrementéd, due to the synchronism of the two motors.
The scanner and théfCRr coils rotate qﬁ the order of once
per second_(the motors being geared down eshnecessary to
achieve this) and the phosphor on the CRT screen persists

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




 _'Uaneneﬁted,'due ‘to the synchronismof the two notors. The scanner and ft
' coil's rotate of the order of once per second (the notors being gearg&d
down as necessary to achieve this) and the phosphor on the CRT screen

persists 25 in luminescence for at least this long, so that to the eye
-8- the large plurality of bright spots appearing on each of the angularly

i pcremented sequence of scans on the tube face forma conplete picture ' of
the radar-reflecting features which surround the scanner. 5

Nor mal | y,

it is required for the CRT screen display to be able 'to show the

'surrounding area on different scal es. =F8r—exanpl e, when navigating in
restricted conditions, 'such as entering a harbour, it may be-desirable for

t he whol e

creen. grea 1o show i he surrounding area 10 out to only half
anler ad%, i\%ﬁgﬁeé’gq’?‘?]’d‘p‘% Q alt’Ff‘gf?gy sl?é’qztfeﬁ%pﬁﬁre“?%rmE He@Bcreen to
show t he area Rut to, for exaque. lgﬁgiles.radius. In order to, achi eve
nf renengafc

"such diffef

changed.

FaRga¥ lathy o
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screen cen%‘%g\_é_\lit ggﬁ%ﬁ% f‘ggal’]nt%%nmﬁ gspg?zﬁéleﬁret }‘I%e éij%s efgé)%r?ﬁggiﬁfﬁﬁgg]?t \r/]\n'el I

- be any obj ggt . whage e - ARREALSa © hghgcggh N\ at its periphery i.e. the

whol e screen area w e occupie y-images trromwi thin arelatively

| shorteg range ar Oﬂg‘j{-mfafﬁ_ffa{@e{s rg&[ﬂgreﬁelf)br the CRT screen

10

15

20

25

display to be able to show the surrounding area on different

scales. For example, when navigating .in restricted -

conditions, such as entering a harbour, it may be desirable
for the whﬁle CRT screen area to show the surfounding area
out to only half a mile radius, whereas in open sea it

ﬁay bg desirable for the screen to show_the:afea out to,
for egample,IIG miles xadius: In order to achieve such
different ranges, thé'spééd ét w?ich the ékT spot.scanﬁ

may be changed; It will be evident that the faster the
spot scans from the screen centre to the screen periphery,
then the closgr_fo the scanner will be ény object whbse
image appeafs-on the screen at its periphéry i;e. the whole
screen area will be 6ccupied by images from within é
relatively shbrter gahge aroﬁnd'the'scannerJ Conversely,
if the beam spot is ﬁade to scan more slbwly, images

appearing arouﬁa the screen periphery will be from relatively

~more distant'objects ana the screen will be displaying an

image of an area extending for a greater range around

the location of the scanner. A portion:of the circuitry

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

- -

v\.




eam spot is made to scan more.slowy, images * appearing’
creen periphery will be fromrelatively * 'nore distant °

eqt the screen will be displaying an i mage of an area extending for
a greqter fange around the location of' the scanner. A portion of the
circuitry 25 in Flgure 1 which is enployed to vary the rate of scan on

-9- the CRT face.'is generally indicated-at 13.' At short range," it is .
desirable for the pulses transmtted from the: magnetron to be very short
because otherwi se there wi'll be substantial |oss of definition 5 on the
CRT display,. since a |long received- echo woul d -extend over a substanti al

radial di stangeodh BURQY 9 dAN PG BOUIN0 P0ka | A | onger Tanges,

| onger pul sés~are deSIra arge enough bright spot with the

spot travelling mog h%%%rmfe'tﬁs 15UEBYr i e HUALRAGSBYTSLY USe

| onger pul ses at Ionger ranges ncr ease the nean ener celvable in

the echoes, iﬂ@hgﬁieeggetf%@@ d1od :‘&&?ﬁ%trtho%dt%} %rgpbé}?&i-é baagukey are

fron1near Jects circuitry of Figures 1 and 2°contal ns conmponents

whi ch "var yotherwh dbh t8k e qr 41 AN58T LhBdtaht iR ADsHIHE aSet EnTREGH -

the''range, or spot scanning speed,. currently being used at the CRT. To

enabl e 4 he &geehef ck&ed&eﬁay @ﬁﬁegahelbhe dedeaifea cécﬁa weieat

represented y an inmage on
extend over a substantial radial distance on the very

¥

. |§:/' M

'1fast-mov1ng scanning spot At-longer ranges, longer pulses
are de51rable to produce a lar ge enough bright spot with
the ‘spot travelling ‘more slowly, and 1t is further .
lo advantageous to use longer pulses at longer ranges to
increase the mean’ energy receivable in the echoes; Whlch
* tend to be far weaker from distant objects than they are
from near objects. ,The circuitry of Figures 1 and 2
contains componentslwhich-vary the width of the transmitted
15 pulse such'as to'match the range, or spot scanning speed,_'
currently belng used at the CRT. B
- To enable the user of the radar to estimate the
distance of an object represented by an image on the |
screen, it is commonly required for the screen to
20 contlnually display a plurality of rings concentric about '
its centre, and equally spaced Circuitry for producing
these rings by brightenlng the scanning spot at equal

intervals as it travels away from the screen centre is

generally 1nd1cated at 14 in Figure 1.



sofeen, . jt ié commonly required for the screen to 20 continually display/a

pl'ural-ity of rings concentric about its centre, and equally spaced. - N

Grcuitry for producing these rings by brightening the 'scanning spot at
equal intervals as it travels away fromthe screen centre is generally

indicated at 14 in Figure |. - 10 - Afurther facility normally required

S a so-called "sea clutter” control. .In rough weather at sea, the waves
very close to the scanner cause_substantial echoes and this.results in an
area_imredi ately 5 surroundi ng .t he scran €entre being continually
bright, which is normally undesirable. To avoid this, the gain of the

receiver circuitry 4%&5&%&@%5‘&#1& lf%gi'igngey;ﬁféa tiél gPort I on of

each sweep so that "the screen centre drea s reduced rnintensrty. The

U5 i n Fiour Bt oot 4 o Fel ERELLEN ROihal: 3 b RERE ndat R O

now 1 o0 s FOMPUSEATNN SNCIR0 the sfgHER SRR LLICT, L oency

divider 16 RADRREEU b SoBERR 2R EniS HAMEed siah W AFPLnREdiA R 1y
s surrounding the screen centre being continually bright,

wﬁich is ;ormallf undeéirable: To avoid'this; thé gain
of the receiver éirbuiﬁry is substaﬁ;ialiy rgdpced during
fhe initial poftion-qf éach)éweep soiﬁhét.the-séreen-
centre area is reéuced in intensity. The éortién Qf the
10 icircuitry for achieving this is generally indicated at

15 in Figure 1; | | | |

A detailed description. of the éi:cuit:y.ana__
its operation now follows. |

* RADAR PULSE TRANSMISSION -

15 A pulse repetition frequency generator 16
generates a squaie wave signal at a fixed frequency of
©'4000 Hz. The signal is shown at A in Figure 3. This
is applied to a divider 18 having outputs at which
frequencies of 4000 Hz, 2000 Hz, 1000 Hz and 500 Hz
26 are delivered, see waveférms A; B, C and D in Figure.3.
Signal D at 500 H? is applied to a monostable circuit 19
which in response generates. pulses E for application to an
extra high tehsion circuit 20 which may be of known design

ang which via line 22 applies a voltage of several kilovolts

25 to the anode of CRT 8.

~
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f 4000 Hz, 2000 Hz, 1000 Hz and 500 Hz 20 are delivered,
wav ef.or -/ B, C and D I n Flgure 3. Signal Dat 500 Hz is applied to a
nongs{ ab Circuit 19 which in response generates pul ses E for appliication
to :an extra high tension circuit 20 which may be of known design and which.
via®ine 22 applles 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
di vider 18 by neans of a range switch section 24a. It will be assuned for

frequen [

Lg{-

the purpose of the follow ng explanationthat-it is signal Cat 5 1060 Hz

whi ch is being selected by range switch section 24a (this would be
appropriate for the Iongest two ranges available, 8 mles and 16 mles -

see under "Range CRagoigae el ¥inallr AYoBouLd fee r{%té&%@e{e& are

further range switch sections 24D, 24c and 24d an ese sections

are ' gangedeQHELRET oBR Pt el tP8erRl8e b indddhd o PPEr 2hfgeSi MUl t aneous .

changes are nmade at various points in the cifcuit so as to adapt it for

operation afyfiéheseBt ic%fa. THEYwilE BROWRsHled ook hend Bukposange. 15
- The | eadi ng.;edge 'of signal: C causes a nonostable circuit' 25 to generate a

trigger pulge Ehéhfenlbsuqﬁj | 485 B 881 8n! ‘tﬁ%tz@tt A s diurs1ler aksecond
delay circuit 28, The _
5 1000 Hz whlch 'is being selected by range sw1tch section
24a (this would be approprlate for the longest two ranges
available; 8 miles and 16 miles - see under "Range
Changing“'belowjk. Thiohghdut the cirehitry'there are.
fufther range switch sectiens:24b, 24c and 244 and all
10 these sections are ganged together so that when the range
switch is operated simultaneous changes are made at
_varlous 901nts in the clrcult so as to adapt it for
operation at dlfferent'ranges.- They are shown set for the -
8 mile range. |
15 " The leading edge'of signal C caﬁses a monostable
| circuit 25 to generate a tr;gger 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,-clrcult 28 dellvers a signal R hav1ng a
20 rising edge which when applied to a magnetron pulse width
monostable.circuit 3G'causes it to generate a firing pulse
S whose length is adjustable in a manner which will be
_descrlbed_be}ow._ The firing pulse S is applled to a
.switching circuit 32 which diseharges a capacitor 34

25 which has previously been charged to approximately 300_v91ts




pdhpose ,of the delay will be explained |ater. After that delay, circui't
~delivers a signal R having a 20 rising edge which when applied to a
nagnetron pul se wi dth nmonostable circuit 30 causes it to generate a firing
pulse S whose length is adjustable in a manner which will be described
bel-ow. The firing pulse Sis applied to a switching circuit 32 which
-qfscharges a capacitor 34 25 which has previously been charged to

approxi mately 300 volts - - 12 - (the manner in which this charging is
acconpl ished will be described |ater) throd@h=the primary w nding of a

pul se transforner 36." This causes a voltage in the region of 2 kilovolts
to be 'induced in the secondary of 5 pul se transfornmer 36, which

vol tagei s dphlel edneEosin R gBJEREEORhA YT ¥ dScomyBiyhea afiipul se W
of energy at 9450 MHz, or thereabouts, for transmi ssion by the transmtting

section 4abefdesmrﬂﬁe&-laﬂhf)lengbhghftmhepnﬂ rnesdihd edfi a vari abl e
by the above-nentioned 10 adjustnent of the Iength of the firing pulse S
appl i ed t opulseswirtarts fprmercBét 3Thik Sdusesora el ttygei fnuthe37 prevents
transm ssion of the trigger pulse during 30.seconds after :the circuit is
. f irst swtragdoon Oﬁ @ dnsloeolhat toahectinducaddn Hhe vmueddapybeffor e
'firing pulses are 'first applied to'it. CRT SCAN -
5 pulse transformer 36, which voltage is applied across the
magnetron 2 ‘which emlts a very brief pulse W of energy
at 9450 MHz, pr thereabouts, for transmlssion by the_
- transmitting sectlon ‘4a of scanner 4 The length of
the pulse transmitted is varlable by the above—mentiAned
10 adJustment of the length of the flrlng pulse S applled
to the sw1tch1ng circuit 32,
| A_30 second delay circuit 37 prevents'tranSmiséion
of the'triéger pﬁlse dﬁripg.30 second§ after the circuit
is firsf switched 6n, td'ensure Ehat magnetron 2 has
15 warmed up béfore'firing pulses are first applied_to it.
CRT SCAN - .
The spot on CRT 8~éh6u1d start itsscan from the
centre at the instant when the puise is transmitted
from scanner 4. A# adjustment Vhicﬂ énébles-this to be
20 achieved in a manner.which will Secome apparent, is
provided by means of a delay circuit 38 whose delay is
adjustable between about 1.5 microsepéndé and 4.5 micro-
seconds. Théfieaaing édge'qf'looo Hz pulse C emerées
from delay éﬁréuit 38'(Wavéform G) and is applied to a

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



THe Yt} on CRT 8 should start its scan fromthe centre at the instant when
the \pul ge is transnitted fromscanner 4. An adjustnent which enables this °*
20 achieved in a manner which will becone‘apparent, is provided by
neans “of a delay circuit 38 whose delay is adjustable between about 1.5

m croseconds and 4.5 mcro- seconds. The |eading edge of 1000 Hz pulse C
‘energes fromdelay clrcuit 38 (waveform G and is applied to a 25 range ;}
peri od generator.40 and to a scan coil drijser_circuit -13- 42. This e
causes the range period generator 40 to start produci ng an out put waveform
0. at a preset frequency and causes the scan coil- driver circuit 42 to
. start producing a trace period pulse (waveformH), This 5 - is a constant
-vol tage pul se (derlved from a power supply 110 via connection x-x)and is
appl i ed thrbdegh FhiswAYsSSE thanrapged R%‘E%mene&atprwq @ hetaE&nni ng
coils 10, mhlch results in a linearly rising current (waveform through
~ the scan coPFQA¥siRg @n PWkRRE- VANELC /@ 2t i 3nPEesete faegyrA

"Circuit 44 conprlses di f.f er ent |nduct%B§e val ues whi ch-.are selected

aut omat i cal #pd Fﬁ% the@ERR oF Ol fie ATIVER (CHF ERLEN, %ér?gé%wfch such -
that the total gguctance of C|rc§ 44 and @ﬁh annl dﬁs 10 resul ts
in the gradPERBUGANG& tTace sPERirPd PR ISR pee rb# the 15
scannlgg SPpL gnckﬂiéghf’vo EaSS'Bﬁl 3RPr éff%ed grom a power supply

110 via connectlon x—x) and 1s applied through'an inductive
scan speed control c1rcu1t 44 to the scanning c01ls 10, whlch
results in a 11near1y rlslng current (waveform Q) through the
scan cclls.so as to produce linear deflection of the CRT beam.
10 Clrcult 44 comprlses dlfferent 1nductance values which are.
'selected automatlcally, through llnkage of the c1rcu1t
Hw1th the range switch, such that the total 1nductance
of clrcult 44 and the scannlng c01ls 10 results in the
gradlent.pf this ramp signal and the_consequept speed of the
15 scanning spot on the tube face beiug appropriate to the
| range setting_currently in use..iFrom the above, it will be
evident that the‘spot begius to scan frcm the CRT centre
coincideut with the leading.edge of waveform G. .
_ Sihce the timing of the leading-edge of waveform
20 G is adjustable by adjustment of delay circuit 38, the
commencement cf*beam'scan cangbe.made coincident witﬁ
_transmissicn.of radar pulse W. . Imposition of the fixed .
3 ys delay on pulse W enables'adjustmeﬁt.cf circuit 38
~not'cn1y.to retard,'but also to advance, the timing of

25 beam scan initiation relative to radar pulse transmission,
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.of divider 46 are made.' such _ 2det
frequengy ofrbaNGR S Mh DELEE8H0 o4 Anoeukit pul ses fromthe different

ragpge sgtting currently in use. Fromthe above, it will be evident that -
.t'he-" spot begins to scan fromthe CRT centre coincident with the |eading

edge of waveform G Since the timng of the |eading edge of waveform 20 G
| s-7adj ust abl e- by adj ustnent of delay circuit '38, the comrencenent of beam
scan can be made coincident with transm ssion of radar pulse W.. -
-J mposition of the fixed 3 [err]s delay on pul se Wenabl es adj ust nent of
Circuit 38 not only-to retard, but also to advance, the timng of 25 beam
scan initiation relative to radar pul se~t 24nsmni ssion, and either may be

~necessary in a particular installation to conpensate for unpfedictable

TR 1 OLsac RIS DI FOTBRTCRL AL 4O, ARLIRUIAL A5 LG
' i nst al l [ T [ f o te '
one. install el perkaanet fokor TApCUSeLkaR 0| i, LA Ca0as by

t 4 ' I . . i Vi . i | i f t put
generator BeALBRoHPl 4 40580 Vofar yA%: 2Tl 7 Eh0 AL YcB! il put
of a range é&bh@hdﬁﬂﬁééE&%%b.hghﬁigF%hggﬁﬁi%?HﬂESEﬁetéﬁhﬁhiﬁérﬁﬂitqutpUtS

t hat, njunction wth the préedeterm ned

outputs will be delivered 15 at tines (nmeasured fromthe commencenent of
-the beam scan) The duration of the CRT beam scan is controlled

as follows. The'fixed frequeﬁcy_pulses O from rangé
'period generator 40;afe'app1ied to a divider 46.° Thié'has
a plﬁrality of outputs for different divisiop'fatios.and
10 -theioutputs aré'seledtable by means of a range éwiéch'
section 24b. The_division ratios at the different outputs
of divider 46 are made such that, in conjunction with the
_.predeterminéd'fréquehcj of range period ééﬁérator'40;”
output puises from the different outputs will be delivered
15 at times (measuréd-from the commencement of the béém écan)
which'wiil coinciae With'thé'times-at which the scanning
spot will_reach"thé'limit of its scan when traveliing
at the different speeds which are selectable as already.
explaiﬁed'bj means“of the range switch and the scanning
20 speéd control circuit 44. qusequently, the seiected
output of divider 46 deli#ers:a:pulse at the moment when
the scanning spot is Qt'its limit.and this is applied
both to the range period generator 40 to teminate its
operation (see wavéforﬁ 0) and to the écan coil driver

25 circuit 42 to terminaté its constant yoltage output pulse



|1l coincide with '"the' tinmes at which the scanning spot wll reach
it of its.scan when travelling at the different speeds which are

1abl e as already. explained by neans of the range switch and t-he

'ng 20 speed .control circuit 44. Consequently, the selected output of
divider 46 delivers a pulse at the noment when the scanning spot is at its -
limt and this is applied both to the range period generator 40 to ' [;j~
termnate its operation (see waveformO)sand to the scan coil driver 25 '
circuit 42 to termnate its constant voltage output pulse -15- H thus

e e R N el
pulee 1 115 HEIAGh g Bl B S ¢ e chapligugiont he

verge of vi?hgi%h%g on the tube face, so that any significant video signal
applied to The tube Wil | .make the spot visible. During the periods 10

bet ween scans of thgd¥¥%?t$§53gggﬂth%?ygg%$ggé§g§f§e%§C%§§sguﬁe beam

suppressed-so.as.to. avol he possibility urning .the.. re of the CRT
SCreery Theiguaggb ‘&{gﬂﬂ%&”’é& hi-yPightCup! AFdudd 'Fs GRSERNEhYBULAGRL
portion of waveform N~ . : o _
’ the scan applies to the grid of CRT 8 a potential which
brings the-spot to the verge of visibility on the tube
facé, so that any significant-videb signél applied to
the tube will_ﬂake the spot visible.__During the peribds
10 between scéns of the spot, the bright-up circuit 48 keeps
the tube beam suppressed so as to'avoid the possibility.
.of burning the centre of the CRT screen. Tbe output
of_ﬁhe'brightfup circuit 48 is the éonstant voltage

portion of waveform N,

15 ~ RANGE RINGS - |
| The range.rihgs onlihe CRT.diéplay, alfeady refeired
.~ to, are produced as fqllo&s. . | | o
. Beam scan pulse H.frcm scan coil driver 42
is applied'to.a iange ring genefator_sq ﬁhich throughout
.20 the_duratioﬁ of.pulse H produces an outéut signal K at -
constant frequency ihdepéhdently of the other oscillators in
,fhe circuit. ffhié is .applied to diviéer 52 which agéin has
outputs corresponding-to differenﬁ'division ratios which
éfe individually selectablelﬁy ﬁeans qf raﬁéé éﬁitch

25 section 24c. Consequently after each predetermined number
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- 15~ RANGE -RINGS The range rings on the CRT display, already referred to
.afe produced as follows. Beam scan pulse H fromscan coil driver 42 is -
applied to-a range ring generator 50 which throughout 20 the duration o
pul’se H produces an output signal K at constant frequency independently of
the other oscillators in the circuit. This is applied to divider 52 which
. ~«agai n.has outputs corresponding to different division ratios which are
I'ndi vi dual | y sel ectabl e by nmeans of range évg tch 25 section 24c.
Consequently after each predeterm hed numbér -16- of pulses K (the -
nunber and hence the intervening tine period being settable by range
'switch section 24c) a pulse fromdivider 52 is applied to a pip generating
circuit 54 i enefa a ry 1 V- i A4S 5
applied to ThEGrTar: Koueher ey Hhfl HRACE CHEFhELBMEINS 1T ) anc
di vi sion rgd frdé Mid : t : R I onghs, fdHm
gener ator SPTT Bt LT ePAE R, SRR OR Pkl B tee
interval s. foipestieDaby. 8kNee Wl &S pObageAerhbend H1BLYO s4hovs
four concentric equally spaced rings. The ring positions~are the sane
~irrespecti vihiddh tgenéthageshal R rgMrawe pisld& e (Fh9eEBLA ¥ Smakinvaad pi ps
are selected to match the scanni ng speed bei ng enpl oyed at the different

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 from generator 54 will be
applied to the video input of CRT 8 at-eqﬁal intervals.
Consequently, since the tube scan rotates, the display

10 .shoﬁs four coﬁcentric equally spaced rings. The ring_
positions are the same'irreSpédtive of ﬁhe_range being
_eﬁployed, since the_intérvals'between pipsmare,Selected
to.match the'scanning-speed“being empldYed at the different

ranges.,

15 SCANNING SYNCHRDNIS#EEO&3 -

| The motor Ml which rotates the scanner 4lis
fixedly mounted to aﬂ elevated part 6f the boat and its
output shaft indicated by the broken line Sé_car:ies the
scanner 4 and two discs 58 and 60, Disc 58 ié_formed

20 with a‘predetermiﬂed nﬁmber; for example fifty, of

- transparent portions or apertures 62 ahd disc 60 is formed

with a transparent portion or cut-out 64. A light
emitting and detecting aSSemny_ié shown schematicaliy
at 66, for airéctihg light towards disc 58 at the radial

25 position of the apertures 62, and detecting light which
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€Sy )15 SCANNI NG : SYNCHRONI SATI ON.. The motor ML which rotates the ° .

scakger/ 4 is fixedly nounted to an elevated part of the boat and its output

shaft~1 ndi cat ed by the.broken Iine 56 carries the scanner 4 and two-discs

58 .4RJ 60. Disc 58 is forned 20 with a predeternined nunber, for exanple

- fifty,” of transparent portions or apertures 62 and disc 60 is formed with a
transparent portion or cut-out 64. A light enmitting and detecting assenbly _i}
is shown schematically at 66, for directing light towards disc 58 at the :

‘radial 25 position of the apertures 62;- ant?d®tecting Iight which - .17

- . passes through the apertures. Consequently, .the output of the detecting
section of assenbly 66 is a train. of square pulses as indicated at 68 in

Figure 2, a 2 QIEHYg " r&q : t h 'ﬂgg?ﬁg whi t Re ner 5

"4 is being ?8?2%?@, whiéﬁpfgggc% ?gﬁaéﬁ%a bgkzbou |ﬁ$é¥2[EPFOE%p r second,

giving a pubgethe @Yt Dig SHe Bl 88S ofea s | 66 01 §Ca58rhinPiovi ded

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

tranSparentsqaa&bo?uISéanaQU1n§ﬂcaeealuyuﬁt\&ﬁfwﬂgura pi,gBt-@m.tting and

detector assénbly 69 (simlar to assenbly 66) when the scanner 4 is

directed tofpeduechits (8esbéttonbhd wor ¢helXsiddd @t ovgithether ecagedf t

axi s)

5 4 is being rotated{'whichftypically woﬁld;be'about-l
rgvolutio; éef sedonqi_giving a pulse frequency of 50
.pulées pér sedond'if.disc 58 is provided with fifty
apertures 62, - -Disc 60 is so briéntated on shaft 56 that
ité_transparent portion or'cut—out'64_is aligned with

'10 a light-emitting and detector.assembly 69 (similar to .
assembly 66) when the scanner 4 is.directed towards the-
head (i;e.-forwards eXactly-élong'the-fqre—and+aft axis)
of the boat. The relative orientation of discs 58 and
60 is such that ﬁhé'singlé brief pulses 70 derived from

15 - the detecﬁion éectipn:of assembly 69 each-time the scanner
passes the'head of the boat are superimposed.on.one of the
pulses 68 derived from the synchrqnisation“disc 58, This
combined signal is transmitted.on-line-72 to the display
unit. 1In an'alternaﬁive'cénétructipn apértﬁres 62 and

20 cut-out 64 ﬁay be in a single disc. _

At the display unit, the combined éignal is.applied

to a motor drive circult 74 whicﬁ‘ampiifiés'the received
pulseé"and';pplies them as a driving signal to métor 
M2, which is a synchronous motor. Conseqﬁéhtly, motor M2,

25 if designed to rotate its output shaft once for every

[ NS e e L U S



of e boat. The relative orientation of discs 58 and 60 is such that * (jg;;
the" single brief.pulses 70 derived from15 the detection section of C A\
assenbly .69 each tine the scanner passes the head of the boat are
su i posed on one of the pul ses 68 derived fromthe synchronisation disc
58. This conbined signal is transmtted on line 72 to the display unit. In
‘dl ternative construction apertures 62 and 20 cut-out 64 may-be in a
single disc. At the display unit, the conbined signal is applied to a notor
drive circuit 74 which anplifies the receivepgpul ses and applies themas a
driving signalm to notor. M2, which is a synchronous notor. Consequently,
motor M2, .25 if designed to rotate its output shaft once for every - 18
- fifty pulses' received, wil] rotate_ the coils' 10 at the sane speed as
scanner 4 ah&ftyr PEdsafidgiriebeedecfilberpbate dhe sioide 1uatithepe
mai ntai ned. It should be noted that because 'the heading pul ses 70 coi ncide
with 5 syfgRrPofPeRd & fifamrernst ?ﬂ@ycﬂ5rﬁ§PQNQQQHq;£¢ﬁW%®%cﬁ?%nisation

betwe'en notors M and .. HEADI NG K The .combi ned pul se sigpal, on |ine
7 1's 1 urt REPSRHORE] Ot Eha HURHEHAL CPPCBRLAFR ARG HoRotHe Be

headi ng -pul ses 70, but not the synchrani,sation _pul s 68., Pul ses 70, are
appl i ed froﬂ??ﬁé FﬁﬁﬁJhﬂQfQﬁ?C 1% %églng pulses(#%_co ncide with
5 synchronisation pulses 68, they do not disturb the

synchronisation between motors Ml and M2.

 HEADING MARK -
| The combiﬁed pulse signal on line 72 is further
applied to a threshold circuit 76 which passes the -

10 heading pulées 70 but not the'synchﬁonisation pulses 68.
Pulses 70 are appliéd from the threshold circuit to a-
heading mark circuit.77; Fbr each pulse, heading mark -
circuit 77 generates an oﬁfput signal which lasts as longés two
:édiallsweeps of the CRT spot (ét'thellowest sweep rate

15 available), and which is applied to thelfideo inéut of
CRT 8. Thus, a solid radial markér line appears on the
CRT display indicatihg thereon the boaf's'heading. This
peading_marker should exteﬁd from.the screen centre to
the-exact top cenﬁre of the écreen. This implies that.

20 when scanner 4 pagées the héad of the boat, the scan coils

o 10 in the display unit should be positioned so as to
defleétrtﬁe écanhing beam from the CRT screen centre
towards the exéct'top centre of the screen. This is
achieved by ;éans of a switch 75 which, when opened, stops

25 circuit 74 from driving motor M2. Consequently, if at
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g mark circuit 77. For each pul se, heading mark circuit 77 generates
put signal which lasts as long as two radial sweeps of the CRT $pot-
‘the | owest sweep rate 15 available), and which is applied to the video
{. of CRT 8. Thus, a solid radial marker |ine appears-on the CRT display
i ndi cating thereon the boat's heading. This headi ng marker shoul d extend
fromthe screen centre to the exact top centre of the screen. This inplies#*

A

that 20 when scanner 4 passes the head- o2 the boat, the scan coils 10 in ﬁf_

the display unit should be positioned so as to deflect t he scanni ng beam

~fromthe CRT screen centre towards the exact top centre of the screen. -This

73 ?‘fQh?é?f’cv%é@nﬁér%gﬁ%%%ﬂéﬁ'Q&?*f@?”aﬁﬁe?&@vlﬁa&’%ﬁ’ﬁ 5
head; ng. i 18 E*“%cﬁgﬁaﬂt?e" G neiag, g%k%k*ﬁ%gnéﬁ r?2fe|y- -
st op m)torse% ! Qwitcflhﬁfst ctA}p g@ﬁg% Sfc§BE eiari%'ftlg it has the

correct po he display,” at whic ol nt t-he scann J%d coils 10

will be 'numwlermﬁ%ﬁaa ﬁhﬁtﬂg)'%ﬂ t BEOR DG ER ﬁlJﬂHéﬁlerux?éPfCt of

the display s the prOV|sP n 10 of ajgéarlng mar k., - ghat is to say a radial

line og thg¢ 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 prowision'
10 _of a bearing mark, that is to say.a radial line on the
screen which can'be angularly adjusted by a control at
the display'unit so_as to be aligned with any feature
.visible on the display. This enables, in conjunction .-
with an angular index provided around the tube face, the
15 bearing of such a display feature relative to the ship s
heading (which is made always to coincide with the top of
' the screen and the zero po51tion on the angular_index)
to be read off-bj:an operatOr._
"For this, pulses 70 are applied from the threshold
20 circuit to a bearing mark circuit 78 Bearing mark
| ;circuit 78 responds to a heading pulse 70 by generating a
pulse, the length of which can be adjusted 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'variableé
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reen . \Whi ch can be angul arly adjusted by a control at the display unit
to ‘be aligned with any feature visible on the display. This enables, :

-conjunctlon wi th an angul ar index provided around the tube face, the 15

'bearlng 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

-&5he angul ar index) to be read off by an operator. For this, pulses 70 are

pplied fromthe threshold 20 circuit to hearing mark circuit 78.
Bearing mark -circuit 78 responds to a heading pulse 70 by generating a
pul se, the length of which can be adjusted between zero and the length of
tinme taken for a conplete rotation of the scanner 4 by nmeans of a control

. Fu”h_eien&%rb{l?séf’ E&éﬁf&'%uf@égﬁéﬂ@iﬁ %E’x%'?;ht %rc#ﬂengtt%&“ of the

vari abl e- out put pu se aV|ng a equal - to

(the tinme takgd {Phel Eﬁk@%T ﬁim%hé %1%‘?@%6{9’01:6"‘& % msgze%h ng&r%%é\ﬁﬂ

avai |l abl e’ sweep repetition rat tput puls

circuit 78 ig eml neeiefs@. ivaﬂaéﬁé%@é@p heégﬁtieioaa&%t%qen Gigd ng two (or

nor e) sweeps of CRT spot. Applied to ano I nput of 'gate 82 are

. pul ses L, %@Ep‘ﬁ@' phxs@ Er%&@@é&ﬁﬁé’ﬂh&ﬁk'hféﬂ%eﬁh s e dEi vy

generated at equal "intervals
5 gate 82 and holds the gate open during two (or more)

sweeps of the CRT-spet. Applied to another input of gate
82 are pulses L, a plurality (in practice typically
sixteen) of these being.geﬁefated at equal intervals
during the'spbt'sweep as can be seen from Figure 3.

10 Consequently, during at least two successive spot sweeps
the spot is brighﬁeﬁed e:g: sixteen times per sweep so
as to display a dashéd.iine on the screen, this being a
bearing marﬁ; The ‘angular position of that line about
the screen centre ‘is deﬁermiﬂed by adjustment Qf the

15 centrol 80 on bearing mark circuit-78.which,'as will be

. understood, determines how ﬁuch time elapses betWeep the
CRT scan passing the top centre position and the beam
being brightened to provide the dashed line. Thﬁs,

.the desired bearing mark can be positioned on the CR?

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 gete-sz.to
pfoﬁide the dashed bearing mark line are derived from the

25 output signal 0 of range period generator 40, this signal
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.duﬁi' .t e spot sweep as can be seen fromFigure 3. 10 Consequently,"
duri pgs | east two successive spot sweeps the spot is brightened e.g.
SIXI en/times per sweep so as to display a dashed |line on the screen, this.
bet.ng~a bearing mark. The 'angul ar position of that |ine about the screen
centre 'is determ ned by adjustnent of the 15 control 80 on bearing nmark
circuit 78 which, as will be understoodr @&termnes how ruch tine el apses
bet ween the CRT scan passing the top centre position and the beam bei ng
bri'ghtened to provide the dashed line. Thus, the desired bearing mark can
be positioned on the CRT 20 screen at - any angul ar. position to mark the
bearing, relative to the ship's heading, of any feature on the display. The
pul ses whi chbedmey gl édrbogh ddivd & t84 winichicohbe dgaiad Hzeara ng mar k
line are derived fromt-he 25 .qutput..signal O of range period generator, 40,

t hi s si gnal plurdlli-typenfigoapphited ficoxr aid fedent 8divhsibnomatiagai n &as a
plurality of outputs for different division ratios. -An individual output
of di vider Mdiyishiebt@dtpytmindmldmw si# t sdlectedoby2apans\ oHwer

Y . _(‘

division ratio-." 5 is selected when the range switch is set to l'ow range -
(i.e. high g‘pmgesmm#q:ig spcbdpn 24d.vi de'lewen, divishon meddiearing mark-
pulses L will be at frequencies proportional

5 is selected when the range switch is set to low range
(i.e. high spot scanning speed), and vice versa, so that
ihe bearing mark.puISes L will be:af frequencies pr0portional7
. to spot scanﬁiﬁg speed; Wwhereby the bearing mark dashes
on the screen will be'identical.irrespective qf which
10 range setting is in use?
RECEIVER
As referred to.abdve; the radar pulse is transmitted -
from section 4a of the scanner at the moment when the CRT
beam iniﬁiatés.ité radial scan. An echo pulse is received
15 from an object lying in the instantaneous direction of the.
scanner 4 after a delay depenéent upon the distance of
the.ebject from the_écanner and the echo pulse is received
at the receiving section 4b:of thé scanner. Its frequency
"is the same frequency as the output of magnetron 2. . In
20 known mannér,'fhe'received pulse is mixed in a_mixér
8§-with the oﬁfput from a local oscillatof 88_tQ generate
an intermediate frequency which is amplified by intermediate
frequency amplifier 90 ‘and then filtered §y filter 92
to provide a video signal which represents the_envelope

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




be'*i dent'i cal |rrespect|ve of which 10 range setting is in use.' RECElIV
As referred to abve,' the radar pulse is transmtted fromsection 4a of the
scanner at the noment when the CRT beaminitiates irts radial scan. An echo
pul se i's received 15 froman object lying in the instantaneous direction

, of the. scanner 4 after a delay dependent upon the distance_of the object
" f™m the scanner and the echo pul se is'received at the rece|V|ng section 4b
- of the scanner. |Its frequency is the sanezﬁrequency as the output of
magnetron 2.. In 20 known manner, the 'received pulse.is mxed in a m xer
86 with the output fron1a | ocal OSC|IIator 88 to generate an internediate

[requency whiyheln BIPLILE PYo LELTAILAN o' LOUYCYRLATI L 180,30 and

then filtere 10 provi Si-gnal 1 C presents t he

| 25 t
2 tte %ﬁ‘* fi, & 3K pq 8 HECCECE. an 3?2'*?’%%‘22*2‘5 He id%o..
pass 111 ter 9ApaRdoles caPls 2k Cad o heAnkBAUEnQ (TBhrfind st ' Bt

brighten the stanning spot ‘at” a radi al tance screen centre

which is 5 aDEQEQER'G&@téﬂbéft%éﬁteﬁé Qb§EéBP%eB&Q@‘HHiéH*!@er of the
obj ect whi ch produced the echo.

5 proportional to the ‘actual distance from the scanner of

t'o spot scann+ng speed, whereby the bearing mark dashes on the screen mn%%izgzs

the object which'prodhced.thé edho:
The local oscillator 88 may.be of any known kind
but it is'preferred to employ an oscilletp;; such as a
Gunn-effect oscillator, whose output frequency can be
10 adjusﬁed by edjustment of'the level of a d.c, input signal.
Local escillator 88 in the described embediment.is of this
kind. The &.e. sigml fof tuning its outéut freqﬁenc§
is.previded by an adjuetable tuning eireﬁit 98'at the
.display unit (Figure”i) and applied via the Same line 94
is.'that carries the-yideo signel.and via a low-pass filter
106 ﬁo.a tuning input of'local oscillator 88. Since
filter 96 is a high-pass filter this d.c. signal does not
affect the v;deo input of CRT 8, aﬁa since filter 100 is
a low-pass.filtef, the videe signal from the output.ef
20 filter 92 is not fed to the tuning input of”lecal oscillator
~ 88. Thus, by adjusting the ‘d.c. voltage provided by’
tuning eircuit.98, thé’freéuency of local oscillator 88
can. be adjusted so as td provide optimuﬁ'amplification
of the receIQed'eeho“iﬂ.fhe“receiving section of the

25 circuitry.



ocal oscillator 88 may be.of any known kind but it is preferred-to

n oscillator, such as a Gunn-effect oscillator, whose output * ?

y can be 10 adjusted by adjustnent of the level of a d.c. input

_ Local oscillator 88 in the described enbodiment is of this kind.
The d. c signal for tuning its output frequency is provided by an _
adj ustabl e tuning circuit 98 at the Ui%ﬁlay unit (Figure |) and applied via~™
the sane line 94 15 that carries the video signal and via a | ow pass \f
filter 106ALIN €ONDROI) ANDUSEA! CLUTIER CIRCHBIPRY88. Since filter 96 is a
hi gh-pass filter this d.c. signal does not affect. the video input of CRT

.8, and since fil pergdii® ¢csnarb<iwqimittlma ishaamma_gslmmhstabtret he

output of 20 filter 92" ¢ not fed'td'the tuing #riput ‘of' 1 ocal * oseil b-ator -
88. Thustobgeadratid rey ¢dmwstant baltt agtjysbableddby. afimgonteolt . 98,
t he frequency of local oscillator 88 can be adjusted so. as to provide
opt i mum avpltégeawidclofis happddedyéy ebhwe i h06htor acgadimgoarttodn of the
25 circuitry,  =-23- GAIN CONTROL ‘AND - SEA -CLUTTER CI RCUI TRY A gain
contg ol cinputto&b&ntermeﬂhhte fdjewpteaitye amp@éﬁéeztéua(xwwtant but .
adjustabl e d.c. gain .control-voltage which is applied by line 106 to a galn
control 5 |npumeﬂerrﬁngntdlEueu&medﬁennqvaﬁptmfEeullhstrates the

form of the video signal when echoes are being received
from rough water. It can be seen that the earliest f'
echoee“are of SubStantial amplitudefand'would cause the

10 _CRT display to have a bright patch around its centre
which as already mentioned is undeSirable.

This can be eliminated by means of the'eea:clutter

c1rcuit 102 (Figure 1) which receives the trigger pulse F
and generates an output Signal J haVing an adjustable period

15 settable by means of a control 104, This Signal is super-
imposed on the d.c; gain control voltage from circuit 108,
onﬁline 106.. ConseQuently, when signal'J ie low the'gain
of amplifier 90 is held at a reduced level soO the Video
signal is attenuated As signal J gradually rises, the

20 gain of amplifier 90 is increased until the video Signal
is amplified in normal~manner, fo adJusting control 104
on eea clutter'circuit 102, and.thus adjusting the |
timing of the trailing edge-of signal J, the display
of echoee.received from rough water around the boat can

25 be attenuated to-any desired distance out from the centre



Rei.gr r-i‘.'.rig '
when échoe
.earliest e
“diSplay to
i s undesir
102~( Fi gur
‘?ignal J h
104. This

- .circuit 10

- above expl gas die EYSO! 35 OEGUERLNG WY l® SRledkOLehr8 EEPLAQ from the

o

anplifier
As si gnal
until the

104 on sea
trailing e
around t he
centre

screen cen
5

td-Figure-S, waveform | illustrates the formof the video signa

s are being received fromrough water. |t can be seen that t
choes are of substantial anplitude and woul d cause the 10 CR

have a bright patch around its centre which as already nentioned
able. This can be elimnated by neans of the sea clutter circuit
e 1) which receives the trigg%h pul se F and generates an out put
aving an adj ustabl e period 15 settabl e by neans of a control
signal ‘is super- inposed on the d.c. gain control voltage from
8, on line 106. Consequently, when signal J is |ow the gain of
90 is held at a-reduced level so the video signal is attenuated.

J gr.adual | i ses, the 20 gain of anplifier 90 is increased

\ﬂ%é%‘esia%:h%?i?g §HbFPPi*ed in normal manner. By adjusting control
cl Y] < Ci Loyt Q2! radd thets' adj ustiing the tining of the - '

uggig#ﬁgﬂgﬁégﬂééligg'5%0'$Q§E§f echoes received fromrough water

20 - ol TR PEE; ayPIEtuE, CHaBNeriN SPATH TR BRI NG The |

tte to
screen periphery i.e. up to the termination of ramp signal

Q in Figure 3. It is a feature of the described embodiment

10

that during this period.no power is drawn from the d.c.
power supﬁly circuit 110 for the purpose of recharging
the magnetron driviﬁg capacitor 34, which became partly

dischérged when the magnetron was fired immediately afterx

-the beginning of the cycle. However, once the CRT

" scan hds been completed a further sequence of events

15

is initiated to recharge capacitor 34 ready for the next:
radar pulse to-be transmitted. This is achieved as follows.

The delay in the initiation of capacitor ghargihg

'is effected by means of a stand-off period circuit 112,

20

Ih'response to the leadiné edge of signal R from the 3us
delay circuit 28, the~outpu£ of stand-off,period circuit
112 goes low (signal T) for a prédetermined period ofl
time. That period terminates just aﬁter the spot scan

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

-'period circuit 112 goes high, and the leading edge thus

N



\SCreen periphery i.e. up to the termnation of ranp signal Qin ngure
Is a feature of the described enbodi nent that during this period no

~}J's drawn fromthe d.c. power supply cirtcuit 110 for the purpose of

lgi ng the magnetron driving capacitor 34, which becane partly 10

fged when the nagnetron was fired i nmediately after the beginning of

the cycle. However, once the CRT scan has been conpleted a further sequence

of events is initiated to recharge. capacitor 34 ready for the next radar
pul se to be transmitted. This is achievye s.follows. 15 - The
delay in the initiation of capacitor charglng is effected by Means of a _
stand-off period circuit 112. In response to the |eading edge of S|gnal R

f th 8 t 112

?: |n ¥VE s ggﬁﬂ% C*ff s %%%&%@%@a%r%?tpeﬂ# fgﬁé‘l od
n e I me e

out put of s#angéqgéﬁﬁéfo é%?%%ﬁ%%'f%ﬁ§nnggﬂa ﬂyﬁg%d6; Ie dﬁgg edge t hus

- 25 - genepaly O%%Eéfﬂ&ﬁ%& Efﬁﬁéﬁﬂ*“% di“b‘iécgggl%éé W@ eSp0“5§ f.

gener at es a ut put signal aving a“predetermn engt h.. gna Uis

70 L Ayl g gl ountth, 4416 Linaserbise i noror,
receivigg tRadPwHIRH §éneratesU! thkin GNUESE! ¥ so long as it
is receivingﬁthe pulse U from circuit 114. Consequently,.
the length ‘'of pulse U determines the number of pulses
v generated by generator 116. | _
The pulseS‘V_are-applied te a pulse width monostable
10 circuit 118. This generates an output pqlse for each:
input pulse received, but the width of each output pulse
can be-vafied in ; mannef; and for a'purpose, which will
be describee below. The butput pulses from pulse width
monstable'llé are applied to a pulse generating circuit
15 120 (which will be described in more-detaii with reference
to Fiqure 4) which for each input pulee received applies
e pulse of charge to capacitor 34, thereby eventually
charging the capacitor to a voltage in-tbe.region of
300.volts."chargin§ of capacitor 34 ceases-when the
20 predetermined number of pulses in-waveform V. have been
completed. Tﬁe.eircuit is then in a condition ready for
transmission of the next radar pulse by energisation of
megnetron 2, and simultaneous initiation of-the.next

sweep of the CRT beam, .



[

the Jength of pul se U determ nes 't he nunber of pulses V generated by ‘
‘génerator 116. .The pulses V are applied to a pul se wi dth nonostable 10

cirgcui.t 118. This generates an output pulse for each input pulse recei
but the width of .each output pulse can be varied in a nmanner, and for a
purposé, which will be described below. The output pulses frompulse wdth

shenstable 118 are applied to a pulse generating circuit 15 120 (which w ||

described in nore detail with reference to Figure 4) which for each
i nput pul se received applies a pul se of-charge to capacitor 34, thereby

eventual l'y. charging the capacitor to a voltage in the region of 300 volts.

Chargi ng of capacitor 34 ceases-when the 20 _predetern ned nunmber of pulses
in wavef orm V have edabldreats, the stapdaxrd faxmef PeWeBnditi on ready
for transm ssion of _the, next rad e by energisatjon of nagnetron 2,

and si mul t aRBBRLY; A a‘t‘ﬁn h%%é ﬁ§§i°§§e§HPGf1Yt Yolgegemater - 26 - On

smal | boats he, st and rd f.orm of suppl.y 110 (from whi ch_varioys
Suppl y vol + B3de EhBmEh G namt ‘omeine {':ﬁnﬁ'éﬁéﬁrf‘g THER WA Hien dariBed

d d Kk t.h I bat h d 5 - f
the pr opul sEBIASBoRREP i SRainet e8] 4B By L2+ e A RE b ehareRg
condltlgns eranBgalQ%ﬁﬁfgionmﬁotor or from a generator motor.

However, the operating conditions are normally such that
the voltage available from supply 110 may vary between 11
volts and about 16 volts.. In prior radar units, the |

circuitry for charging the magnetron energiSing capac1tor

10 has been des1gned_so as to_be operable from an input
_voltage of about'lo VOitS-SO'that there will always be
an aaequate inputrvoltage'for its operation despite.tne

| fluctuations in the output voltage from the power supply.
However, to aVOid excessive loading of the capacitor '

15 charging circuitry when the supply voltage rises
substantially above 10 volts, as is often the case,
relatively complex voltage stabiliser circuitry has been -
employed which in effect dumps power when the output of
supply 110 is significantly above 10_volts. This power

20 is dissipated in heat sinks and of course represents an
undesirable waste of power.consumption in the.radar unit.
In the embodiment being described, the need for a-complex
'voltage stabiliser for supplying the capacitor charging
circuitry, with its attendant cost, and the undesirable

25 waste of power which has been involved, are avoided as -

follows.



ltﬁé'V'_ ge available fromsupply' 110 may vary between 11 volts and about

In prior radar units, the circuitry for charging the magnetr®n
<1 ng capacitor 10 * has been designed so as to be operable from an

i nput_.vol tage of about 10 volts so that there will always be an adequate

i nput vol tage for its.operation despite the fluctuations in the output _
voltage fromthe power supply. However, to avoi d excessive |oading of the
capacitor 15 charging circuitry when the supply voltage rises _
substantial ly above 10 volts, as is of+eR7tke case, relatively conplex

vol tage stabiliser circuitry has been enployed which in effect dunps power

when the output of supply 110 I's S|gn|f|cantly above 10 volts. This power

20 i's dissipatedy YdPehod! BEnsuy K dir&ﬁ&!ts‘izrze%ﬁ%ﬂﬁgggﬁr#%&ﬁéé@b' e

wast e of power consunptlo in t unit. Int el ng

descri bed, ¢hoeof} SM %fta cswéfgguggggn'rf@r f8b w@eyaglgtﬁ fe

.capacitor c argln C|rCU|tr ts att t cost, undesi rabl e

25 waste of megéaggmﬁg wﬁ;&d Beeta deﬂraénfo@q 27 -

A voltage sensor circ continual Ty senses_the output vol tage of power

EhPEL Y & e i noflorkt et Vep e iR ek A ity
5 voltage sensor 122 produces no output signal on line 124.
However, when the sensed voltage rises above this threshold
level a proportionate signal is developed on line 124 -and
_applied to the charging period circuit 114 This is a
monostable circuit whose output pulse (signal U) has a
10 constant length in the absence of a Signal on line 124
but whose time constant is reduced with consequent
reduction in the length of the output pulse, in proportion
to the value of any input signal applied on line 124
Consequently, as the supply voltage from power supply 110
15 rises above the threshold value the resultant output
hsignal from voltage sensor 122 causes a proportionate
reduction in the length of pulse U delivered by charging
period Circuit_114 to:pulse_number generator 116, and
thus a corresponding reduction.in the number of pulsés'
20'ein signal v applied to the pulse width monostable 118.

: Consequently the number of pulses (but not their Width)
‘in:the output from pulse.Width mono 118 is correspondingly
reduced.and so is the number of pulses ofjchargefdelivered
by pulse generator 120 to capacitor 34. The pulses

- 25 delivered from_pulse generator_lZO to capacitOr 34 are



5 .“vQLyage'sensor 122 produces no-output signal on line 124. However, wien ‘|
-Tﬁé sensed vol tage rises above this threshold | evel a proportionate sig aq{

i s~devel oped on line 124 and applied to the charging period circuit' 114,
This=is a nonostable circuit whose outputagulsse (signal U has a 10

const ant

~~“const ant
ul se, in proportion to the value of.any inaut si.gnal. applied on |ine 124..

(/]

@ gene[ at or
110 and t héek ¥C

-

Consequent | §erivedn £xam khe  BPWEEe SURPAY

length in the absence of a signal on |line 124 but whose tine
is reduced, with consequent reduction in the |length of the output

P apgpthe mpaunt, pfes above

the threshold val ue the resul t ant output signal F?on1vo|t%%§ sensor 122

causes a.prepdrgeods eachpulse s therefgre propeaxddan

char gi ng

. | ¥9ekBE by
period circuit 114 to pul se_nunber generator 116, and thus_a

cor r espondi st eatanequs valgenpfpdheoutpitsvodtage afreirpRd¥pdiled t o
the pul se wi dth nonostabl e 118. Consequently the nunber of pul ses &but nat
their wi dt HfongeguensdipuWheR thdss ¥alithae nshses18ach e paRRLASS,

reduced and so is the nunb

e delivered by pul

r of pul ses of-char e’
gener atbr 189 ¢aPaghion o?fﬁ‘?ntﬁﬁr&spm%ﬁ '&agﬂﬁl byt by _ﬂ?ﬁﬁ%u?g e

120 to. capacitor 34 are .-28 - deriyed fromthe power supply
§3ta¥af'&ei?ﬁ Ea&mm%é#%ntﬁsssré%@dpr%rwsﬁ | to the

i nst ant aneous val ue of the outpuf vaqltage _ of su
. umb 3 B iie% X '

10
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20

25

number of pulses app to the caggLXt%%Q34 to charge
it_is redﬁééd. Consequeﬁtly: the amount’ of cﬂarge applied
to capacit;r 34 is keﬁt substéntially constant even

though the 6u£put ;oltage of power supply 110 may rise
§ery subsfaﬁﬁially above the threshold 1g§e1 set at

'voltage sensor 122. It can be appreciated that in this

| way the circuitry takes only so much power as it needs

for adequate'chérging ofifhé capacitor ana theré'i§ ;
né,nngssity for any power té be dumped. .

‘The seﬁaraﬁion;:in,time,'of the CRT beam scan
and £hé gépacitor charging step has various advantages.'
Both thesé'proégSSes require significant current from the .
powef supply 110. By aVoidiné drawing both currents-
siﬁultaneously, liné losses in ihe cohduéti§e pathé (eépegi-
ally in those'paths_whiéh car;y-both thé cui:ents) are reduced,
thus further reducing power conéumption. Also it is the
practice to design all circuifry for sétisfactéry operation
when the power supply voitége is about 10% below: its
‘normal 1eve1;1e.g;‘12 v&lts}. The.reduction in peak

current consumption achieved by non-oVerlaé of the



. G6nseqyent |y, when this voltage rises each pulse applied 5. -to capaci’tor .
32LcoNtlai ns nore charge but by neans of * the circuitry which has- | Ust
gscri bed the total nunber of pulses applied to the capacitor :34 to
cherge/it is reduced. Consequently, the anpunt Qf charge applied to
cap tor 34 is kept substantially constanRg9ewen 10 t hough the  out put
vol tage 'of power supply 110 may rise very substantially above the - . :;f
threshol d | éwel caatrextts orédgeesethe phportionanfbehdgpmarighiredviidelt 1 -
this way the circuitry takes only so nuch power as it needs for adequate o
char gi ng of ablserteghdy oclinedlosees armsl tltereforeeclessy comstaaimovies pbaced
be dunped. The separation, in tine, -of the CRT beam scan and the capacitor
char gi ng st op _lkhe design afviheagdscuilurh. t hbleopr sdececthecduiighe energy
significant current fromthe power supply 110. By avoi ding drawi ng both-
currents- 2¢ransiihiiansebu¥pyved da |qmaecsit<hrtﬂ%a§9m9cﬂm@qsatquemtle
ally in those paths which carry-both the currents) are reduced thus further .
reducigg pokbe ceesiveyPRT gAcas jare aghiwe, the interpajctfiddewint®sign
all circuitry for satisfactory operation when the power supply voltage is

about 10% bEkakined Xp prevedt theclfqamer intepfering wish dhetlafitern can

peak current consunption_achi eved by non-overlap of the -~ -29- two
_ currents reHGc§§mH%§§ﬁ§ﬁmr§F8§n&fqgﬁﬁ?rnugin which is
- FIGURE 4

Some aspecfs:of qharging;and diséharging.capacitor 34
10 will now be desgribed in more detaii wiﬁh referéncé ﬁé Figure 4.
| Pulse générator 120 is éhown &ithih thé bfbken—line box,
suﬁ)plied Qith pow'ei:_' from the positifré line 126 (see conngctibn
Y-Y in Fié._zf;and the comﬁpn line 128 of‘powér supply 110, and
fecéiving its c6n£#01 sigﬁa1 frq& ;hé_oufput'of pqisé width
_15, monbstable 118; : | - ..'l. |
Each oﬁtpuﬁ-pulse from mondstgblé 118 renders'condﬁctive
a transistorised switching circuit 130 so that a 'supply voltage
pulse is applied'tb £he pPrimary 132 of a pulse transformer
generally ihdicatéd;at i34. This gene:atés an output-pulsé o
20 of higher voltaéé'and of a length proportionailto ﬁhe;
A léngth'of the pulse from monostable 118 across the secohdar&
136 of thé’pulse‘tranéforﬁé;. The polarity of the pulse is
" such as to pull chargé through a diode 138 onto a capacitor
140 and, via a diode 142 onto the main capacitor 34. When
25 the voltage acréss'secondary'IBG overshoots in the
'oppbsite'di;éptioﬁ.furtper charge iéldriven from'capacitor

140 through diode 142 onto capacitor'34;"As already




aQsprbqg'by line |osses and therefore | ess constraint is placed on the
degign «of the circuitry. Al so, since the highenergy transitions invol edﬁf
Lﬂ'gapacitor chargi ng do not occur while the receiver/CRT scan are acti\We, :
the imternal filtering required to prevent the former interfering with the
| att.er“can be sinplified,-saving cost. FIGQURE 4 Sone aspects of
ggarging.and di scharging capacitor 34 10 _wll now be described in nore
etail with reference to Figure 4. Pul se generator 120 is shown within the .
br oken-1ine box, supplied with power fromthe positive line 126 (see
connection Y-Y in Fig.2) and the comon_l4ne 128 of power supply 110, and
receiving its control signal fromthe output of pulse width 15 nonost abl e -
118. Each out put pul se from nmonostabl e 118 renders conductive a

transi st oriBedtignedni fhecinumber 10 Bulsaat thusugpplies ttaag@m@feto:
applied to the primary 132 of a pul se transfornmer generally indicated at
134. " This 3tnirapusomrtdaaddy mpdiested Sﬁfaﬁi&Heﬁnﬁﬁﬂﬁnﬁg§#mﬁ%fi§ | engt h
proportional to the length of the pul se_from nonostahle 118 across the
secondary 188PBf ChAEIEH $© & HRHRGRrOf aRPTABLEALE)YORdhIPESe is such
ErIAEEE T K s SR T
Capac 131 THBLER, SRgHed0Ra e B uTRebEeh: B Lgs. widbimankREable 30.
. This is applied to the switch shown as block 32 in
Figure 2 which, in the preferred embodiment, is a solid
state switching device having very high'input'impedance;
caéable of switching pulsed current of up to-lslamps.
10 at 360 volts and with very fast on and off sﬁitching
times preferébly in the region of 100 ns. An n—éhannel
enhéncéméﬁf"mode VMDSlPOWei FET is prgfefébly employed
and, in partichlar, hodel.VN4900A or VN4001A available
from Siliconix Limitéd of Neivbury, 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 _
1imit the volfage across the output electrodes to
360 #olts. When FET 32’is switchea on by pulse S
capacitor 34 is discharged through the primary 148 of
20: pulsé transformer 36; thus generating in its secondary
150 a_voltageuéulse in the region of 2000 volts which
.is'éppliéd by line 152 to the"anqde 154 of magnetron 2.
- The fesulﬁggt oscillation of the magnetron makes avéilablg.

at its output port 1553a.radar frequency pulse having a
25 power in the vicinity of 1 kw which is applied to the



‘valtag

Thi &

_-ébiznéﬁtioned, the nunmber of pul ses thus applied to capacitor 34 is

aut-o ally adjusted so as to ensure that it is kept charged .to a
approxi mately 300 volts. Charge is stored on capacitor 34 until
5 pulse is delivered by magnetron pul se wi dth nnnostable 30.

plied to the switch shown as block 32 in Figure 2 which,' in. the

preferr enbodi ment, is a solid state switching device having very high

i nput i npedance, capable of switching pulsed current of up to 16" anps. 10

at 360 volts and with very fast on and gffy;switching times preferably in

the region of 100 ns. An n-channel -enhancenent node VMOS power FET is

preferably enployed and, in particular, nodel VNAOOOA or VNAOOL1A avail abl e

from Siliconlpeddddefng fs@@‘e’iﬁ'i'xyﬂaB%f(%EéﬁneEnw agg, ichwnl Hadfap] Of the

PET is protected by an 18 volts Zemer di ode 144 and t he out put - by six such

di odes 146 vk hasvehia
360 volts. W@\*ﬁ rhd%#%%ﬁl gfssmh{ec%%&%%%gugggﬂgmggpgg ?’g{é?%é@ion

di scharged idy Qi@ dliepREi PRlkeldS df mibmedE6n! paNEROIRItI Morjdéable

t he

generating in its secondary 150 a voltage pul se in the region of 2000 volts,

which is apgg,ed by line 152 to the anode 154 of magnetron 2. The resultant

oscillation of the magnetron nakes available at its output port 155 a radar.

. frequengy pul se havitdsRoddd Bewalppma&f&efdcmatytné il;sle/vdmlacmms appl i ed

to the

powered, low Vvoltage circuit for generating the firlng
pulse S, with the pulse-width being controllab;e by
a uariable voltage'bontrol_signal; in conjuuction.with
a sqlid'state'sﬁiichfng'@evﬁce with fast switching -
10 times and the'abiliey to switch a high power input
prevides an edonomical.and reliable way ef euefgisiné
a magnetron with controlled width pulsesluwbether'in.
the eontext of radar equipment b; otherwise. .
_A_diode'157 protects switch 32 against the feverse
15 phase overshoot voltage which can be deﬁeloped by primary .
148 in response to the trailing edge of - the pulse induced -
in secondary 150. _ _
A parallel RC circuit 156, 158, wﬁich is not
essential for operation, has terminals 160 connected 
20 .acress it,,toewhicﬁ an'instrument can be epnneeted to check
-._the_magnetronﬁeutput.poWeé.” o o
. The above descriptien of the magnetron switching
.effectively assumes that the lower end of RC circuit 156,

158 is connected to common line ‘128, so that magnetron

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



31 - transmtting section 4a of scanner 4, in known nmanner, the duration
t.hg qu%e corresponding to the duration of t he out put pulse S of nmagnetr o
pul se. wi dt h nonostable 30. 5 It should be appreciated that theus
of a-Tow powered, |ow Voltage-circuit for generating the firing pul se S,

wi th . the pul se-width being controllable by a variable voltage contro
5|gnal In conjunction with a solid state switching device with fast
§W|tch|ng 10 tinmes and the ability to switch a high power input provides
an econom cal and reliable way of energi sirge a& nagnetron with controlled

y.

Wi dt h ‘pul ses,. whether in the context of radar equipnent or- ot herwi se. A

. SO0 that magne

L}

di ode 157 protects swi tch ai nst the reverse ha e_QVv vol t age
whi ch can be*d Velﬁpﬂﬂrﬁya§% 993§|?F¥%§ %ﬂ?g tﬁ 9%%;¥#r§P% e of

EQGQEE' Eis'en%fi’?%? SBBANGE ke mr by eI fse ¢ 158 Séﬁn?&e%%&?l%%é%%??
power . CThgna %erﬁ §t|8n gﬁgﬁaﬁehéf?gggggmobnﬁf%%@e%%ﬁllgie&?y assunes
that the 'Wﬁeegzgfbﬁgs gy gogegﬁiéf%fcﬁomgeg&s@ o o YPoL %ffag;.%

ano S at zero pot ntla as I's nornma
5 doubling arrangement generally indicated at 168 and

"comprising diodes” 170 ‘and 172 and capacitors 174 and 176
connected as shown. In resPonse to the input pulses
applied to capacitor'140;-this”produces'a'voltage of
approximately de'volts on.line'lsd so that prior to
10 switching on the magnetron its anode is at approximately
600 volts relative to its cathode. o
In this way, the voltage needing to be developed
across secondary winding 150 to fire the magnetron is
reduced so the ‘turns ratio of pulse transformer 36 can
15 be reduced. This increases the bandwidth of the transformer
which in turn enables a wider range of pulse widths to
be switched by the transformer than would otherwise be
the case. - | | | - |
Also, the amount of power which has to be sw1tched
20 by switch 32 is reduced thus increa51ng c1rcuit reliability.
The bias applied to the magnetron anode should
be below the threshold level at which oscillation could
be induced. A lower bias than that described may be .
achieved by_gmitting circuit l68 and connecting the lower

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



fact, a nore advant ageous arrangenent is shown in which the | ower
RC circuit 156, 158 and therefore in effect the anode 154 of th&
Fdfrlon i s connected by 'a line 166 to a biassing potential which:is

pr ow ded by a voltage 5 doubl.i ng arrangenent .generally indicated at 168
and conprising diodes 170 -and 172 and capacitors 174 and 176 connected as
shown. | n response to the input pul ses applied to capacitor 140, this
produces a vo|tage of approximately 600 golts on line 166 so that prior to
10 switching on the magnetron its anod® s at approxi mately 600 velts
relative to its cathode. I'n this way, the voltage needing to be devel oped
across secondary wi hding 150.to fire the magnetron is reduced so the turns
rati o of puh§Aetiromsixidds €6 asouhd 306 wediteed bufivithnredases t he
bandwi dt h of the transformer which in turn enables a w der range of pul se
wi dt hs to benefiitehed by the transfornmer than would otherwise be the case.
Al so, the anpunt of,power which has to be swtched 20 by switch 32 is
reduced thRANGEcCEmﬂﬁgﬁgerU|t reliability. The- bi as applied to the
magnet r.gn_anode shoul d be bel ow the threshol d | evel at which oscillation.
coul d be induced. InAd g@wacbiaslt embodimentos §in Al fforent r@é!ﬁﬁﬁ/ed '

by-onmitting circuit 168 and connecting the |ower . -
5 namely O. 5, 1. 0, 2.0, 4.0, 8.0 ‘and 16.0 miles are made

available. 'For the first two, the 4000 Hz repetition rate
is employed by selecting waveform A at range sw1tcn
section 24a. :For the middle two ranges waveform B
(2000 Hz) is selected and for the two longest ranges

lO- ﬁaveform C (1000 Hz) is selected;"Consequently.the '
operating cycle of radar pulse transmi551on, CRT beam
scan, and capacitor recharge is repeated at one of these
three rates according to whether one of the shortest,
middle, or longest pairs of ranges is selected.

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
.systen isrshorter at short ranges than it is at long

'20 ranges, tne-stand-off'period set by'circuit_llz 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

»



L

naghet r 6 anode to around 300 volts, but with reduced benefits. RANGE .
CHANG NG. I n a practical enbodinment, six different ranges, 5 nanely 0.5,’
1.0,72:0, 4.0, 8.0 and 16.0 niles are nmade:available. For the first two, -
the 4000 Hz repetition rate is enployed by selecting waveform A at range
swi tch -section 24a. For the middle two-r&dges waveform B (2000 Hz) is
sefected and for the two |ongest ranges 10 waveform C (1000 Hz) is
selected. GCpazsguenthye dirapctst30g ryel andl 1n08dahinh sfedpeetivesiyon,
CRT beam scan, and capacitor recharge is repeated at one of these three
rat'es accor diegeirnineeadamnmubée t bengbhy,t sttandriofd gemiod camyd s¢haagiagof
ranges is selected. 15 It has al ready been nentioned that on a

| onger rangepakséi dgngthoreges ablanopostebile ddsiowitsarmhdnita ssoat prefange
setting a shorter radar pulse is desired. Additionally, since the whole
oper ati ng cyekeedf fehdunesttdmt sthdotime eonsttants mfydshesemncircustat beong
20 ranges, the stand-off period set by circuit 112 needs to be nmade
shorter® for whbtageacgasrolliwbeer. €hrchitg odnddds &ind mre chyt bhemsepves
capaci tor chargi ng pul ses, deternined by pul se wi dth nonostable 118, needs
to be known, in which the circuit time constant is inversely

25 _end of RC circuit 156, 158 to capacitor 34 to bias the - 33 -  h<géE2)

proportional to a d.c. voltage applied to a control terminal
of the circuit. For example, Motorola MC145283 monostab1e§
may be used with external resistor valueé made voltage-

10 selectable by diode éwitching in response to applied control
voltage. Referring to Figurés 1 and 2, a d.c. control
voltage generating circuit 162 at the scanning unit is
ganggd Qiéh the range switch and produces an output of 0,

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

15 ranges) which is superimposed on the trigger signal F on
line 26 for transmission to the scanner unit. At the
scanner unit the séperimﬁosed d.c. voltage is applied by
line 164 and lines 30a, 112a and 118a to control terminals
on the monostable circuits 30; 112 and 118 respectively.

20 (Since a combination of pulse sigﬁals (F) and d.c. level
signals is present on liﬁe 26, suitable isblating and
decoupling arrangements are of course provided at circuits
28, 30, 112 and 118 for ensuring that they respond only to
fhe deéired signals). This-enables the.ﬁiﬁe constants of |

25 these thrée circuits (which in general will be different

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



when | onger- radar pul ses are to be devel oped, 25 because a greater
of power is taken by each radar -34- pulse. The circuits 30,” 1127
B)whi ch respectively determ ne radar pul se | ength, -stand-off- period
grging pulse length are all nonostable circuits and it-is a pref-
erred feature that the tine constants of these circuits be 5 ' :
vol tage-controllable. Circuits of this kind are in thensel ves known, in-

.

which the circuit time constant is inversely proportional to a d.c. vol tagev

applied to a control terminal of the ©i3%urt. For exanple, Mtorola
MC145283 nonost abl es may be used with external resistor values nade
voltage- 1 g:(ét]ﬁ_{al i 0gde oS\ M IdE T abhO i nt r ol
vol tage. Rgij'g?lrel ng to |gﬁ$ésg§ea\§g&g?a’a}md.d§ %%ﬁeéof'?gggig%rﬁati ng
circuit 16 h i i e GG M n S\t d
produces a%a%%tstdu?%f %,fggégﬂlgflv%h&g (theéMh%vgsﬁée&r%v%Iat gggs btes?r}ﬁlor t he
shorter 15,h3pges) which is superinposed on the trigger signal F on line 26
for transmssion to the scanner unit. At the scanner unit the superinposed
d.c. wvoltage i's apph&dabyvei BRatbéterd dtiies GPathédlefarendtlHime to control
termnals on the nonostable circuits 30, 112 and 118 respectively. 20
(Since.a coghi HHd ®Whmé PUkSBothyod Thid)raigbsl. in dreepadirgr{dl.sed s present
on I'ine 26, suitable isolating and decoupling arrangenents are of course
provi ded afogigedt ttwo, middle two or shortest two). However it is

evident ':"_:"'-".-1"': Ll Lt




28, 30, 112 and 118 for ensuring that they respond only to the desired.. (
S|d“als) This enables the tinme constants of 25 t Rese three circuits/no}
(mhlch in general will be different fromeach other) to be selectively -§

'to any* of three - 35 - different values, one for each of the three

égethtlon rates, by operation of the range switch at the dlsplay unit. The

- above. ‘characteristics of the circuit are set the same for both of t he
hdnges in one pair (i.e. longest two, mddle two or shortest two). However

it is evident -36 - that for the two ranges in a pair the scan speeds

and scan periods of the CRT beam nust digger-by a factor of two. Hence six

different division ratios are provided at the output of divider 46, each
differing fromthe next 5 by a factor of two, so as to define six
different values for the Iength of the output pulse H fromscan coil driver

{2 one Lor gash 1900 W sEhjeltn! BUMS0 i Ml hgilagogarer | o0
val ues of ingﬁﬁhaBE%iods of the CRT beam must differ by a facto: of
two. “Hence six different division ratios are pfbVided
at the outpuf of divider.46, each differing from the next
5 by a factor of two, so as to define six different values
for the length of the output pulse H from scan coil drive;
42, one for each range, '2his sets the'required eix
different scan periods for the CRT beam and, as already
explained, the correspondiné different values of inductance
10 set by switching of circuit 44 in response to the renge
switch ensure that fheibeam will Be fully deflected in
each different sScan period, thus giving the si#'SCen speede.
Further, in order that the range rings and the
bearing mark dashes"maf be identical irrespective'cf
15 _the CRT scan speed beihg-employed, the'frequencies of
the signals for generating them are increased ‘in proporticn_
to scan speed by'ptoviding'six output frequencies (each
differing from the next by a factor of two) ffdﬁ each of
dividers 52 and 84, the appropriate cne being éelecfed at
20 each range due. to the ganging of range switch sections

24b, 24c and 24d

" MECHANICAL ARRANGEMENTS

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

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



y swi tching of CIrCUIt 44 in response to the range swtch ensure

hat \t beamwi |l be fully deflected in each different scan period, thus

divisngA he six scan speeds. Further, in order that the range-rings and the
beari ng mark dashes may be identical irrespective,of 15 . the CRT scan °
épeea bei ng enpl oyed, the frequencies of the signals for generating them
are-increased in proportion-to scan speed by providing six output
'frequenC|es (each differing fromthe next by a factor of two)-fromeach of
dividers 52 and 84, the appropriate one being selected at 20 each range
due to the ganging of range swtch SECtIO? 24b, 24c and 24d. MECHANI CAL

- ARRANGEMENTS Wt h-the exception of the nofor M and the rotation sensing
devices 68 and 66, all the conponents 5 shown in Figure 2 are contained

in a single assenbly wit -37- .the ,scanner .4 and rotat th_the
scanner. ¥he Eﬂﬂﬂﬂﬁqlheaﬁé6rpﬁat@aﬁé$ éhﬁeﬁﬁﬁﬁ?%ﬁrly ﬁ2%E§W§ance and

osition of five sli ngs for. _transferr,i d I the f
Eonductlng &Fhéﬁﬂnihéi? kegngi ggragﬁgtiﬁéiéiV§hp?§§§§%%na X ofethleVe
equi pnment e 72 does_pot n I A beca nits 66 _and $9 do not .
rgt altoe) H@”bfc’él ?J; ®i ﬁsgpl Ei%éotﬁﬂrsq" ?ﬁﬁ&ﬂ"-ﬁ g’P Y& E95Ur pose

but i n prloagh% s éssﬁﬁgsfive conducting paths which link the

V_

5 'stationary and rotating parts of the.equipment (1ine,72
| does not need ajslip'ring because nnitS'Gs'and 69 do not .
rotate). éhe use of slip rings is of course well known
for this purpose but in prior_radar systems for small
5oa£§ as many as_twelwe slip_rings“have been:required.
10 In the preSentlsystem; the numberuof-slip_rings,
and consequentlj the cost and liability_to malfunction,
is reduced by superimposing.signals having different
functions on a.common conductor, and in particular by
putting both the Video and local oscillator tuning signals
. 15 on a Single conductor 94, the gain and sea clutter signals
.on a single conductor 106_and the- trigger and transmitted
pulse width signals on a Single conductor 26, Further, . '
.by also putting both the motor synchronisation and. heading
indicating signals on a single condnctor 72, a total of
20 only six condnctors.are.reguired including the—two which
carry the positiveland negative power supply potentials to
the rotating scanner unit. | - | |
These-conductors are taken from the scanning unite

which will be located at a high point on the boat, to the
25 display unit which will be normally 1ocated in the



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/ ¢7 /
liabidity te malfunction, is reduced by superinposing signals having
different functions on a.comon conductor, and in particular by putting

bothy The video and local oscillator tuning signals 15 on a single

conductor 94, the gain and sea clutter-s3§mals on a single conductor 106
~¥rfd the trigger and transmitted pulse width signals on a single conductor

26. Furthefiulbyofl shepbidatng Bipthedhe 6Pt ah sysaladeidanilyi-and headi ng

indi cating signal's on a single conductor 72, a total of 20 only six

conduct or s @veer egndoetomaethicttingin heanyocabeshwddlr pd loef Eashd t et hal

negati ve power supply potentials to the rotating scanner unit.

These- - condlength. ar Suchk @erdurhdis aranexpgnsive, and dhesd fobe | ocat ed

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

| ocated i n the redug8iomuldf dfhe hmmtinvex , 0f cones ckauwired drmlebesul ti -

core conductor which in many cases will be of substantial I[ength. Such
- condudd or s arsubspantied savinerigi drketbestedficthen lenatle ofuimtke of cores
.required enables 5. a'substantial saving in the cost of the | ength of the

cabl e. MODI¢lzh&r ON OF FIG: 4
" MODIFICATION OF FIG.: 4 -

Control of the charging of capacitor 34 to provide

appropriate energy for ariving'the magnetron, in_diréct
10 résponse_to the level of the supply voltage, has already
been describgd with reference to Figures 2 and-4.

An alternative'form of control, in this case
responsiﬁe indirectly to supply voltage, is shown by
broken 1ines in Figure 4;- The mean voltage-across resistor

15 156 will be proportional to the mean current delivered to
magnetron 2. A control circuit 180 shown in broken lines
detects this mean voltage and in fespdnse develops a control
signal whiéh is-applied on line 182 to the charging period

“circuit 114,-in place of the Voltage-sensor signalnused in

20  the previously described version. Circuit 180 is adapted
to-céuse~circuit-114uto increasé the charging period (and
hence number of cépacitor'charging pulses) in response to

" a detected fall in magnetron mean current and to decrease
it in response to a rise, whereby to control capacitor

25 charging such that the magnetroh is always fully driven



oot fol
Ldri viv{gY

vol t-ade

of the charging of capécitor 34 to provide appropriate eneTgy'fof
he magnetron, in direct 10 response to the |level of the supply - ?
has al ready been described with reference to Figures 2 and 4. An

alternative formof control, in this case résponsive indirectly to supply

vol t age,
resi stor

15 156 will be proportronaTmég the nmean current delivered to
magnetron 2. A control circuit 180 shd

s shown by broken lines in Figure 4;- The mean vol tage across

i ™ broken lines detects this nean

vol tage and in response -devel ops a control signal which is applied on |ine
182 to the charging period circuit 114, in place of the voltage sensor

'si gnal used®Uth Ot over-grivedus|irrrspecrbiveyefsithe supplyivolages
adapted to cause circuit 114 to increase the charging period (and hence
nunber of &kt okhifailgi AFhi@vRS while cshargdng, thayqaraekterl| in

magnet ron nean current and_to gecrease it in resgpnse to a rise, whereby to

control cafd9® Anunstapild;

driven

Again, this is achitbedl

SREPINaYOL hagfayddhatt AumpiRg sPPUEFy
-39- but not over-dgiven,. i'rrespegtiye, of. the supply voeltage.
RaHif ben ARRTRETRECSablak S0 RaREPLrstanet| zed

supp) & Vol el DUt VB MR L1 S"BH b AP sl L el it
charging by al leri ng Lhe,d %&%t?f S0 AL g1y S5 S hrea{tﬁé‘?“than |

10

15

20

25

their number., . |

_ If_thelmagnetroh outpu; puise repetitionjfrequency
and output pulse léngth are kepﬁ in inverse proportioh
when changing from one range to another, the désired' )
mean magnetron current will not alter from range to

range. Howevér,_if this is not the case, control circuit

180 is designed so as to be settable by the range switch

so as to controlgmean magnetfon current at different,
appropriate, levels depending on the range_éetting.

| So far aé is known, previous radar equipment.

for use on small boats has not used less than 48'watts~
power. The various power saving featurés.which-have-been
described above are.capable in practice of giving power
consnmption'ofnabout~ha1futhis nuch, which'is a very

substantial a@vantage since it makes the present system

feasible for use on-a very large number of small boats

whose power supply systems would not be adequate to

power previeusly available radar-eqﬁipment;. Furthér;

- 'this reduction in power"conshmption may be acHiéved even



pufSe.: Iength are kept in inverse proportion 10 when changi ng from one
range-to anot her, the desired mean magnetron current will not alter from
rapge-to range. However, if this-is not the case, control circuit 180 is
designed so as to be settable by the range switch so as to control nean
magnetron current at different, 15 appropriate, |evels depending on the
Ye&nge setting. So far as is knomn previ ods40adar equi pnent for use on
smal | boats has not useqd |ess than 48 watts power. The yarious power

savi ng feat uP§§nWmacﬁ%aﬂ?@&‘?‘#%ﬁ%&?’-ﬁeﬁaﬁbéﬁetbﬁé 85| dafilggtkence of
"~ giving power consunpti on of abgut half this_nuch, which is a very :
subst ant i al ﬁBWaﬁ?aéé Sammenly pmeioved breswallspoptmm@datiol e for use on

a very large nunber of small boats whose power supply systens woul d not be
adequate to power previously available radar equipnent. Further, 25 this
reduction in power consunption nmay be achieved even  -40- - using a [err]
defl ection CRT rather than a [err] deflection CRT .as.is caomonly enpl oyed
“in small boat radar. : p

their nunmber. If the nagnetron out put pul se repetition frequency and outpu(igé;



i rcuit for generat ng high frequency out put pulses

. I nput ternlnals to apply firing -pulses thereto, capacitive
~charge storage means arranged for directl-di scharge through the primary
wi ndi ng of the pulse transforner, an FET sem conductor sw tching device
havi ng out put term nals which are-connected in series with said primry
wi nding 10 and having:a control terminal, and a control circuit adapted to
deliver to sefgdrmgnitrol termnal- pul'ses of predetermned | ength, the
seni conduct or sw tchi ng. devi ce being responsive to a said pulse at its
control terminal to condiuct and discharge the charge storage neans 15
through the primary w nding of the pulse transforner for a period
determ ned by the | ength efirsaiid MAdrseyedwarahing High Nnfreghercandusput
resul ting high frequency output pul se are generated which have pul se
| engt hs al sopdésesncomgriginkge a enegirie tofors havig sknput tdfmifalsp circuit
as clained in claim1, wherein said FET switching device is a VMOS power
FET. 3. A chrpuilseatrensifostheim haviing prianyiand secondary windings,
the secondary winding being coupled to the magnetron
5 input terminals to apply firing pulses thereto, capacitive
charge storage means arranged for direct discharge
thfough the primary winding of the pulse transformer, an
FET semiconductor switching device having output terminals
which are connected in series with said primary winding
10 and having a control terminal, and a control circuit
adapted to deliver to said control terminal pﬁlses of
predetermined length, the semiconductor switching device
being responsive to a_said pulse at its control terminal
to conduct and discharge the charge storage means
15 through the primary winding of the pulse transformer
for a perioa determined by'the lenéth of said pulse
whereby a firing pulse and a resulting high frequency

output pulse are generated which have pulse lengths also

determined by the length of said pulse.

11 u lu ul'hml g input termnals, a pulse transformer having™ =
gs, the secondary wi nding being coupled to the

(¢



5 sald VMCS power’ FET i s an n-channel enhancenent nD

A cfrcuit as cl ai med in cl-aim1, wherein said contr Imum;l“!lglmmm‘)t ¢
del i ver pul ses whose | engths 10 are predeterm ned

circuit-.as claimed in claim4, wherein said control circuit is a nonostable
cirduit having voltage- controllable tine constant whereby to deliver said
15 - variable-length pulses. .6. Acircuit g9 claimed i claim1, wherein
di‘ode nmeans is connected in parallel with said primary wi-ndi ng and is poled
so as to conduct in response to a voltage 20 induced in the primary w nding
In response to the trailing edge of a firing pul se generated in said-
secondary winding. 73 ApCéipduitagsChabiR@d AnClcdiaiml 1 WhRieaidliy dd age
limting neans is connected in parallel with the 25 sw tching device output
termnals. .pr#3swichind Idadicasis! aiveosipoweai FEER. wherein vol tage
limting neans is connected to the control term nal of the sw tching

device. 5 9. Avcircuit for generating high frequency out put

pul ses substantially as herei nbefore described with reference to Figure 4
of the acconpanylng.ﬁramAngsrcult as Clalmed in claim 2, wherein

5 said VMOS power FET is an n-channel enhancement mode

VMOS power FET.

4. A'circdit as claimed in claim 1, wherein said
control circuit is adapted to deliver pulses whose lengths

10 are predetermined but variable.

5. A circuit as claimed in claim 4, wherein said
control circuit is a monostable circuit'having voltage-
controllable time constant whereby to deliver said

15 varlable-length pulses.

6. A circuie as claimed in claim 1,_wherein diode
means is connected in parallel with said primary winding
and is poled so as to conduct in response to a voltage

20 induced in the primary.winding in response to the trailing

edge of ‘a firing pulse generated in said secondary winding.

7. A circuit as claimed in claim 1, wherein
voltage limiting means is connected in parallel with the

25 switching device output terminals.



g

* c L M H *

8. A circuit as claimed in claim 1, wherein
voltége limiting means is connected to the control

terminal of the switching device.

9. -A'circﬁit for generéping high"freéuenCy
outpﬁt-pulses substantially as hereinbefore described

with reference to Figure 4 of the accompanying drawings.

&
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