focusing el ec

; MNe3eCt @ >6 ﬂ"nm""'ﬂmmmmmmﬁaz This invention relates to the fi eI%UOfOCT 2002
cat hode ray tubes) and in particular, to a

per manent magnet {dgpass unit for a cathode ray tube having an asti i

corrector assenbled integrally therewith. A typical cathode ray tmm@g'wnw”m

shown in FIGURE 1 has an el ectron gun Y for 5 generating an el ectron

whi ch strikes a screen 8 of the cathode ray tube. The el ectron beam i §6166*

defl ected for FERMANENTIMAGNEREQGYS WNITVIRG BIATISMY CORRECTORact 1 0N

beamis focused by a focus coil or assenbl enerates a %gneti C

. . Y, ,
focus field 16, sHEWANERNPN @pes 30 M deitirietysd: i gPg QELRIAMS R B 8HEced by
an annul ar wWouRgl, £l )orfy i}'w?%ér%%rqft’é aP5dr P@HttmHBgé‘fechu@Dnifier%yc&fﬁode
per manent magnet's, or a conbi nation thereof, which alone or together
gener ate a coaxamatubesagivielg 6n bisiejrdatisih eomsgoreddsembleel idtegatily thereaitih.ens f or
the el ectron beam This |lens tends to have errations as would a

the s ab
lens for Iight r ay3 JYPIGH ceihads ‘@Y debe drPaPYve iR f'puﬁqu‘t?ésﬂrb?@c?@ el |Aer€f
astigmati gm of JheRhG G Q0-RGABLEM & MRicheYstriRbs XA § bPRR c&Rbs i ch
are general ly denoted astignmati smcorrectors. The necessary nmagnetic field
i s general |y prhashidbe electrbourbaamds deftectas fur enewtihgvercater éyatiefigctiNor t h
and South magnetic_poles It is possible to correct horizontal or.vertical

beam ast i gmat i ¥RIDYO-CRERFTAR ™ RO FREREeUPY 8PPEHhePhot h@sw Hg"Bichgonal
cotls can be Usploldiodn MABAMAE HESNAR 160HERNTREIoURRY. dl agonal 2 0 _
astigmatism I'al and di agonal astigmatismcorrection are illustrated in
FI GURES 3 and 4 r ekpeobfhneticyfield Theause pricuced tyhe anmdomggoene cbil,far ces
(F). The correctors are designed as quadri pol ar Ier!tses for effecting, axial

. q ng ..
and di agdifal adPPHEPPENRAY SAINFHSTT FEC% ALV AN ERRRS'S iy cgmbination
respectively. '%Wéig?éﬁe TLEEHiallrs cHed 1Rs a winding
in a separate %géﬁ%%gr&g@%g%% pors ti gcﬂé(?ea{)&?%e %%fel?'gt ? t%e el ectron
gun) as shown inmadgrcBREIdlactfissa sams dogieasdctrenttaidns TeisVarsakndd gadwanthages.
Firstly, the sensitivity is generally | ow because of the small beam

di ameter at théB PRATYPN Ae WKL PO 'JLILN SR IRAISFFMPIR SSORHRBI ogy i s
general ly used to |PBBJ£9E\eHB%o‘?Je%FEE@?n&HHm &Sthb YRlHoE BeafiN 8D 1581 Gy &
corrector is conmbined wth a magnetic focus coil) the 3 0 astignmatism
correcti drb i s nuditeasyceilb vditraore fecaruyedaiote¢dastimramtismotateadars. impar t ed by
the focus coil. Thi rdlﬁ%i)qgt he cost of such a solution can be significant due

to the need for"®§E¥FH ”%{‘f?dﬁ%.r'ﬁ%@ﬁ%‘?rﬂ?yi W&da‘?%%ﬁéf%‘f'é”iﬂ?fpg%?fi Plgdd@nbl y
000 CT 2002 h%.vé’hlf@ﬁw%%l?ﬁgﬁﬁ At S et b}S%sé\ﬁQ%}EﬁE’fo' Cr{'%gﬁ + been

determned that it 1s possible to Integrate a focusing unit an
asti gmat i sm corhoenindal drivedical beam astigmatism by changing the current direction in the

O i

winding Diogonal coils can be used in a similar fashion to correct the diagonal
20 osﬂgmo’ris.m. Axial and diagonal astigmatism correction are illustrated in FIGURES
3 and 4 respectfully . The currents in the windings exert forces (F). The correctors
are designed as quadripolar ienses for effecting oxial and diagonal astigmatic
corrections, as shown in FIGURES 5 and 6 respectively.
Generally, the astigmatism corrector is designed as a winding in a separate
25 unit or assembly positioned at the outlet of the electron gun, as shown in FIGURE
1. This arrangement entails several disadvantages. Firstly, the sensitivity is generally
low because of the small beam diameter at the outlet of the electron gun.
Secondly, this technoltogy is generally used to correct thé electron gun
astigmatism. When such a corrector is combined with a magnetic focus coil, the
30 astigmatism correction is not easy to obtain becouse of the beam rotation
imparted by the focus coil. Thirdly, the cost of such a solution can be significont

due to the need for designing and manufacturing a separate unit or assembly



the' sanme assenbly) when the focusing unit utilizes a plurali ty 3ol QHE20062
magnet s di sposed in an annular array. An annular form or hol der positions a
5 plturality of separate magnets in an annular array. A small coil is wound
around each magnet for magnetizing the magnets in a uniformfashion prior
to use. The magnets are cylindrical in form and each has a |ongitudinal
axis substantially parallel with the central axis of the focusing unit. An
auxiliary winding f 0 t f S fieldis
i sposed radial 1y Iaatar et VI8 B g orbree IR Etedonrgy

annul ar fl angesthef it & p&kield R inkRayvdieg odusah Jmaael be Regheal todact6ovey the
ends of the nagnets on each side. The use of separate magnets disposed in
an array provi dés sgmeo@.ﬁgrmpiynwyntﬂme msﬁgm'wmmsr{g@w@lfy eforepentteng
astigmatic aberrati ons the formor er of hf‘?& f ocusi ng unit,
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correctingsasti ;gtr@mycofasesaroaé nkshetd R dBnARENLRGy. megm@aéo.p.wo%n e

radially aligned axes, can be placed in the formor hol der, one between
each of the perM\emgnaigfwetrmgriemma@mmmog@ﬁbod|qmm1tormvfpsimrngsorfforuse. The

[ [ f f f I
mounted 11 o1 ot SOBRRATT FHRRLPY AR e ELRTRLRooP HaHBRRPS SRIIgE at 2

0 positions Whlﬁé}oﬁ’él%v.{haqé%elnwoab&aéﬂ@ﬁmetfbeu g{am o BGAIBNG lﬂamp&snets and
the auxiliary w nding, and which at the same tine, are angularly between

t he circunf er engéraratpgse ticonst 10f rhhenglier fivanerd fiatdgn dissoseldnragidih gwasals exf

ei ght such_wi nd| ngs vided into oyps of ur W each,
W Tt e bR ni g8 Y S POEY RPeRR R IE ECPET 8hS BN AIRES o
each group are mgh rtgynekiebPedBiig Rl 6r Me@@ialfithe Mddfdis & EBao9Bal 1Ho the
el ectron beam Toget her) the wi ndings forma double quadripole lens able to

correct the axiwse efrigrdicigomadneds tisgawed ismn JFhey meeiﬂmqmmmqr@n@enent has a

nunber of advantages. The i rat ed ast mat i sm assenpl better
sensitivity bec%%%é’”t\ﬂ Q'@@?? %8 CF %ﬂ ‘Pb%’"%'of‘ﬁg”?)%{iyncf” T(5’1‘36%955’%01’11Jm
beam di anmet er, ﬁ&@erpéfqhéea&@fngb@m%@mtém atdgpet bagmble astigmatism
correction is elimnated. The focusing unit can be easily adjusted by

appl yi ng &5si nusoi Hapnsegiparinnent: Wedinos ifgnedriesting gistigndtieaeersitiop. in the

manuf act ure ~ 00 T 200 because arateatl rratlsm
corrector unit fl‘?e"éd)fﬁg'cﬁ ﬁSeS?\@?%éo(g?'?yb%Hn? Five %%r’agg o8N %?PQ:{
conventional ashdigeRbhs WehREdLELE Sf IV SertiainBat WRigRdsOR cfr%ﬁt{érteend‘&ﬁrﬂéni 0
increase the sensitivity and to permt high frequency dynam c signals. Due

to the | ow coupwlhﬁ@ge\nfqrrpqmcamg pafrqreofem@bemloas betfm%for@erﬁsﬂqﬂeved goily, tcans

possi ble to us W|nd Wi t.hout a core. This resul in a oQd
behavi or at hi Skﬁ 1% éﬁﬂ%}'& WL "FHEIRE" ?L‘y fgc'ngéf'g%?%% ﬁ}ef rconvgﬁjlﬁlgooﬁal
cat hode ray tubsosafs thﬂ:hV@{el OdRiIIE Blehiectifle WriRl dTgSeriRHBktadag el 8A8.-th&l CURE
2 is a diagramuseful for explaining how an el ectron beamis 10 affected by

a focusing uni tOW“GUREng'ngscaddffE@T ghthesssmg timer aexpredieryrigetasemihe
astignatic correetfon. £ GRE.A Lnd Gl aaram Ysehul folnexplal iinp.diagonal

asti ngB.tl C correctl I agr ustrati ng a
correcting axi akvina®bh gaBtdecdiRided iafl tdsgrolps bt BIrtwikuihgs €odh agn aie

illTustrating a field for correcting diagonal astigmatic aberrations.
windings of each group alternating in position. The windings of each group are
25 coupled to generate a magnetic field, orthogonal to the electron beam.
Together, the windings form @ double quadripole lens able to correct the axial
and diagonal astigmatism.
The inventive arrangement has a number of agvantages. The integrated
astigmatism assembly has beftter sensitivity because the corrector is placed at
30 the point of maximum beam diameter, The problem of beam rotation affecting

the astigmatism correction is eliminated. The focusing unit can be easily adjusted

by applying a sinusoidal signal to the astigmatism coils The cost of manufacture



FI GURE 7 is an expl oded view, in perspective, of a focusing uni t3|ﬁa\@@d|'202
array of permanent magnets. FIGURE 8 is a perspective view, partially
broken away, of an integrated 2 0 focusing unit and astigmati sm corrector
according to a first enbodinent. FIGURE 9 is a perspective view of an
integrated focusing unit and astigmati Em corrector according to a second
enbodi nent. FIGURE 10 is a diagramillustrating the nmanner in which a group
of astigmati smcorrective w ndings can be coupled for generating a

quadri pol e 2 5 if [@dugedrragoRee P15ePS e QSHENPHsTs SRERAIY &N BPe%rﬁ‘oégﬁl ifier
useful for dri Végélﬁ%n%%‘%} Q. bHE q%@H;B’& PEoIR WP o‘?w@eﬁt?&nro‘?‘é%ﬂ \ﬁ?o’r%ngc}nré%%rs A
focusing unit utiMZrng a pluralrty of Séparate . nmagne g explarned in
connection w t hdveeoftec Wsung odnteirite3 8oz eyvindréndel tBRENSfivinAinane Weahit hiyhm or
3 0 holder 32 holds a plurality of separate magnets 34 in an annul ar array.
A small coil 3drqaveneurundreici sgidisy Dapdanite e koM Greterfietangi thg t he
magnets in. a unifor shign prior to . The t r i j j
form  and Bach Hae A5, s Bobite G v Rka 3PS, o 2t Hb 8 2 1Y
paral l el wi th tdqsceehdddr dtORGhtttjusatieaxi s 42 of the focusing unit 30, The
geonetry of the annular unit further defines a plurality of radii 44, two
of which are il usfiE&¥Red.is PHéderapt 8P FONHEHIRECs CEBCIGLEPY nifvief FBF Mg v@ious

i nward and out V\@g”g rné%iﬁ!ﬂinB?ﬁwioUnfe%sfhe}&Wardl y being in the direction of 5
the central axis 22 eSe¥di rectional conventions are used in connection
with Fl GURES 8 andriguas 2vekl diaglain Lkl foegasidhingnh@uxinl | @eytrom ibetirngs 38 f or
generating a part of the nmagnetic focusing field is disposed radially

i nwar dly B3 t heoffgated) bigfo teerpa@ent nagnets 34. Flat annul ar flanges 40 of a
materi al having a hj et.] i er .t he af fagnet s
on each side. The Elggﬁ%t%gg és'é %ngﬁah%%%oﬁﬁép%g@d ?Sﬁggﬁhgrcrogggﬁér%gvi des
an opportunity to PGRREi405 awdiBgidagSsdfar foe exgleetigngogshigmipmatiakersaidnons
directly on the formor holder of the focusing unit, as part of an integral
assenbly. Two enbofiG¥RRGSS ofdiggen Akstidinegr B%'Cffet UGN Pricbesligeedfbl y are
shown in FI GUREO 8rro%gd 9 respectively. Focusing unit 50 shown in FI GURE 8
has a geonetry B N Hfg a central 15 longitudinal axis 42 and a plurality
of radii #4. Unit SGURERDE bs@Ggrimn anstdtiag d asianfor dwiledetg BRdeaboasmgmatic
plurality of permanent nmagnets 54 in an annul ar array, Mgnetizing w ndi ngs
for the magnet sokg@tionitted. Ei ght magnets 54 are provided, in order to
provi de ei ght posit| het ween t .l eceivi Lght. asti tism
correcting w ndi nggl??%ggh'?vﬂnne 'r?éjlél%svwntﬁh%r %Fm%foqf hFe]%lug'g ugﬁga\élhglrm%
di sposed in a ber® 60perfiimeheiicgakiscoi | s and bores have | ongitudi nal axes
which are substantially radially aligned. The positions between the nmagnets
are alternately | aﬁ'@IUIRé& IHCIPYIPRPALES View. R A P& AR - 0§ SR JdIPEI%REd

beneath (45 t .hefo§89r$€ R okpgcgﬁér%@ Brshol 8RELminE R {JQIHF eh®lolfdntcoi fs in

the HO positions are coup ogether to generate a first quadripol e
field. The four heFiRE cioid serspedivé vieheoHT? inpegictednsoasiegamiimned t oget her
to generate a second quadripole field, The two sets of helical coils are

rotational Iy of PEEMAFHRVITE ATSCREIDIP 90)°RBKLRIIUMAB y, the two
quadri pol e rmagneti g _uR@h@%ﬁ Wi dibghe iohatihe MY Mendbf Belnibl apeas-Anot her by

90. Both axial and diagonal astigmatic abérrations can therefore be
corrected. The dsigmdignhasreative wingindls \cahdsd ngusledffac gem@dtinghocluadrirg@e0 t hi s
enbodi ment _is uy t?roken. An auxiliary wi nding corresponding to auxiliary

wi ndi ng 3 Sshomf{']?‘i"'n FIGURE 7 and fl anges corresponding to flanges 40 shown

in FIGURE 11 is a circuit schematic for an amplifier useful for driving each of
the groups of coupled corrective windings.
A focusing unit utiizing a plurality of separate’. magnets is explained in
connection with the focusing unit 30 shown in FIGURE 7: An annular form or
30 holder 32 holds a plurality of separate magnets 34 in an annular array. A small
coil 36 is wound helically around each magnet for magnetizing the magnets in

a uniform fashion prior to use The magnets are cylindrical in form, and each has



FIGURE 7 are also omitted for purposes of clarity. 3 0 0 c T3BoBGT 2002
Focusing unit 70 shown in FIGURE 9 has a geonetry defining a central

| ongi tudi nal axis 42 and a plurality of radii 44. Unit 70 conprises an
annul ar formor holder 72 holding a plurality of permanent nmagnets 74 in an
annul ar array. Mgnetizing windings for the nmagnets are omtted. Eight
magnets 74 are 5 provided, in order to“provide eight positions angularly
spaced between the nmagnets for receiving eight astigmatismcorrecting

wi ndi ngs. Eachowiangiitnginios axinsydstorttigihpofaliel withatheerestrat dengifuginalds oM 72
has an inwardly facing surface 76) whjch, unlike the corresponding, surface
56 shown i 1 FI HOHECHAg L0 S0 aPeTGGR! I Cish Al G ET8E § GhFaty
therein. Radii ofthdiliOWEH AJirAGCaE MREBRES THede Kod8E IdBalif P LRRIAG! €
sectors 82. Each flattened coil 78 lies in one of the internediaté sectors
88. The positi crstiviegtineard the cubganetrediahpbliigse, sectdy emgen dihd diraioal of

| abel | ed and 2. Each sector is s#)aced apart by an interval

correspondi ng " BHURHE dier ErSAITEFT PR CONGRTIBRS BcHSREl FEPNTAIOTHE £ our
flattened coil ggiRed ?f‘oeq%éq %%%éll'.Wﬁwisarreﬁofb(?léﬂlcﬁg(ilihﬂgﬁﬂwgﬁtbhﬂe@féEgﬁérﬁiﬁ%%

first 15 quadri pole he four flattened coil's in positions are
coupl ed toget henrtd tge mergrietic fosetanikiq isadispgetiegatiicdy chwdidie of We setysobf

flattened coils are rotationally offset fromone another by 90, and
accordingly.  t RETOGRET MBRRTH0PE TRIGHBLI "PPTsl gf FIMBEroIiANGARIaNy of f set

from one anot herrogbaéngg;erﬁ%ena%o@lar AR 20 My Rt bLEN 3BE! firat N5 can

therefore be correcte n auxiliary wnding 2 0 corresponding to auxiliary
wi hdi ng 38 shovweparntd-inGddRE!s [digrmded lim g esrag arodseoad iopgottonifyl tangesiodA0 shown

in FIGURE 7 are also omtted for purposes of clarihy. The enbodi nent of
FIGURE © i s belEVI b oprevnges LBREt IAprg IR oAt BB i FEn: PUFeF/GURE
8. The QL set gfe fJ-atihgnpd &éébii(ﬁ) o?%naﬁnegfwaks%dnttn@rw&ea%aammfs%f%eﬁrdnpol e

2 5 field are shown I n FlGUR Each attened coil conprises several
| oops. The di r etegrohfoohsicgrungrmt ds$eomplaloteeshomtreis AGWESdhend Girkspeatitdhe next)

ti | t i Nor t d S | The. t f
oot aned coi o 1 Foelg it o shouf i R el BESRRm PSR GEErEor e
HC1 and HE2 seishgdlicinangliids ohh d BRr&RDSCER AL, SHO¥M cbmphdAdREafhuMirGomh SO

respectively coupled in a simlar fashion 30 to generate alternating North
Sout h fields. Pheolsigne2 bedient rwglity faf @eroamerh enageats foin gewenabi agax he

current for driyving,each of the sets of colts (HCl,. HC2: . A current
ool 1 er 90" | MOSPERE WistindsiiBe T SrBuAt BiF BridRE TR (9T 88 Lo an
axial correcti PFvaﬂé_d, irP drcfin o Prvidid Bight BEIMdNS iIRwdEh ﬂ%ur%gﬂ_efts Foraredbidggnal
correction coil 94 is shown in FIGURE 11 (b). Amplifier 90 is both a static

and dynam ¢ cupigdhestigmetist eprecting Wodinge Eegh wining ispatthe frmeefts hellpsl

nat ur al am ast | ismand the m urrent input corrects. the

ot ot PO b S8Rl g I ailfe BHOR Pafiit o8I ofd Btes e lefth okl Sreoc an
be corrected bynehréent sioaefsid Baidip aidied ohd vbifehs KEiTEbRshe I BRRA6EI vel y:
(AXIAL = K (X2 - Y2) (DI AGONAL = K (X . 10 Appropriate waveforns for the

dynami ¢ conponéfft cgnetely lebelechtiCll gpdtHGL A kelical  apd S8lisaewsitianed depeethi on
respectful ly afig ﬂ% §é)nsie|c|>fqﬁé rF@lﬁ?g) ggcﬂogéﬁﬁe }&ur(h@icgln&iig inlth{etn(:l positions
are coupled together to generate a first quadripole field. The four helical coils in
25 the HC2 positions are coupled together to generate a second quadripole field,
The two sets of helical coils are rotationally offset from one another by 90°, and
accordingly, the two quadripole magnetic fields will be rotationally offset from
one another by 20°. Both axial and diagonal astigmatic aberrations can
therefore be corrected. The form 52 has an inwardly facing surface 56, which in
30 this embodiment is unbroken. An auxiliary winding corresponding to auxiliary
winding 38 shown in FIGURE 7 and flanges corresponding to flanges 40 shown in

FIGURE 7 are also omitted for purposes of clarity.



3 0 OCT 2002 7 CLAIMS 1. A focusing apparatus, conprising: an é%QUMHB1?Bﬂﬂf
(52, 72) adapted for mounting on a neck of a cathode ray tube in which an
el ectron beamis established; and a plurality of permanent magnets (54, 74)
di sposed on said formfor generating a first field for focusing said
efectron beam characterized in that: each of said permanent magnets has a
| ongi tudi nal axis substantially parallgl to said el ectron beam an annul ar
wi nding (38) is disposed on said formfor generating a second field for
focusing said el e?&&&%&&%o w}QYrﬁsnpr-'nc‘;'ﬁr?é b s Y qUbAINISerbr: o BT ©

di sposed on said formi"n an annul ar array and c%upled for generating a
third field folongoudiedtdxigzasid greticttyadieadiats.onst 1csapbes loacdnnuiar ieam
each of said pIuraIit%%of wi ndi ngs having a |ongitudinal axis substantially

per pendi cul ar PoNYE Zep@eingch PhERRY obPeThHENes FRReRAlS7Hin @1 anpyiar array.
characterized | sail d. Lt i.ndi posi ti oned
and coupl ed foﬁ”g’&é%@” “?‘hg'”gg g%rah%u%%é)iet%gﬁ ém%o( ?%QT ﬁ‘?}?gr@g? l?s&%f claim1l,
character bzed provideat ins@tér @) pioaldet igeif pavities _ROGUICHB spdB)d Bewveraupbed f or
generating said third field and a fourth field for correcting different
astigmati c abeMogPpisHar regeivinpesigprstigin@dismrcagiesling vindingdr BRINeWVNSEG 1D t hat

said plurality.aof. w ndi , ) Sid | :
generating sai g]%tfﬁ%y]‘cﬁgﬁ?ggé Cgﬂﬁsf Z’ﬁee&‘ﬁg’d’r%B@?gg#WS@gﬁﬁkgg%‘i‘% |7%g a
fourth field awhghsgtentheqitadsppedieg kitdab 56 shdire inap@arms, usisal prir@itofl,
characterized in that sai d%cgl urality of w ndings (58, 78) generating said
third field ar©nei¢ping! et farmerdaerér weeh AééWG’UQEr‘Wé‘?F@ﬁ‘% MALGRBL 1< nmeans
and sal d,gnnul B Hfgnﬂgq B 516 AL HS oL LA 78 fos ifRARAGYRLT 28 11
t hat sai d annular Torm ?) conprises an rnwardly facing surface (76)
havi ng a pl ur aintdrinetiats kedtars (B80Thd posmshstduweem tHeormoagaes wi thgsessddiors are
plurality of wi ndings generating said third field. ~00CT 2002 8 7.
The appar atus 6feefigiviopelach@l SOERE ASE sectdidt SREFET RO PGP ifervehi d
plurality of w.ndi . " . . i ' ' field for
correcting a %?rg%sgtg §%'é5§% ngﬁ&gﬁﬁﬁﬁlgi ? ésﬂ%ﬁﬁ?{ %#@%@g%g7ghéée2%ﬁd gr oup
of sai d plural ideret sdint MmesQapesitotsphredcdupled exgtiadrito genefateitthistf i el d for
correcti n% a second tyPe of said astigmatic aberrations; and, said annul ar
I

f or m ( 72} 3conpRHedm iglawEediopr figiienry solsfiade BReYOHR0T A eoyRied dpger)enf
slots (80) for ej Vi i r f I lurality
of wi ndings (7 S?J#@% %P?%ﬁdaélgﬁgﬁppdé%g glr h&%mg%fgggggﬁ%n%&é@% %(5 aiml,
characteri zed tdlafidgnally sfsed f@RrNBha@nbivamoly 32), dras aacidingsl tHeywef quadripole
substantially radi aI,Ig aligned bores (60) disposed at spaced intervals for
recei vi ng respBAINGEC Beles WEk o mtghionally £fFefy TSP QR HR Jyetfer Bah syt and

third field. 94 HR-PRREFRAEEDHRF LA B thefdBf26E Ichéefdl An @liarg 3GtiRG
said plurality of wndings (58) generating said third field is a

subst ant 2al | y hefrespahdiogitd .aukillary Miediag38r athesnah FESEREM dnd dbegesct eri zed i n
that each of said plurality of wndipgs (5 erating said third field is
- oubst ant | al | gOHEPPEANO B TIPRORHED s ahar O FEUES) HECE M TrEI P19 BE Hores
(60) at spaced it efnbPbbimdnt of FIHURE o iISERREIIIVR SRR AbnsiRinAiRAl theal
coils. 11. The apparatus of claim1, characterized in that said form(52)

has two sets ofmbodeserdios PGB8 &al t ernately in annul ar arrays, each of said

bores of one of sgjd sets havin i sposed therein one of said w ndings
generating said tﬁ}‘?@s]f ﬁeiloaﬁghﬁgeéggﬂ'%o %Safa“."a?ggf oPSHi8M% ﬂ&“OSHBO'%f sai d
sets havbRg a POEMRESREWARONEURE NG RRRAHHHBAESIdI chénpritéiesctBRflodlysthef claim
1, characterized in that said form (52) has two sets of bores (55, 60)

di sposed al t er dag@diop df euganiuicy cliemnales fraemenesfoildaitde bextegensa@)ncof one of

said sets having dispose er ej of sai i ndi 58 enperat i sai d
Third 1ol d andreleiorotui G Setisiapt rfie Sl R 3eksde SERY Bhigd
having a per mapeakinBoRBhiok Sthe KHISBOSEE df e BTN, antpid2 e @8 wiairkAlifl the
respective sets having nmutually perpendi cul ar | ongitudi nal axes.

CAY?. A L A% A. AsfnbAagignesir sSBQVWMBRMEURE 8 are also respectively coupled in a similar fashion
30 to generate alternating North South fields.
The same current amplifier can be used for generating the current for

driving each of the sets of colls (HC1, HC2; Q1, @2). A &urrent amplifier 90 is
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M>| wgl gb] X] ca] c(a] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

]cal ca]ca] calca]calcaljcal]calcaUc:aJc:al7 _ W pnm#oanc;

}xsni d_Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca]c

aj cal ca] ca] cal] ca] ca] ca] ca] ca] ca] ca! <X/ gikc]

7THITOE " " #L$986 } xsni d_Z] ] ca] ca] ca] ca] cd] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c( a] C

aJ ca] ca] calcal cal]ca]calcalca]calcalcalcalcalcalca!'n" "' ((H(((1)~)*+8,,-.4g.
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YNC! an annular form (562, 72) adapted for mounting on a neck of a cathode ray

tube in which an electron beam is established; and

a plurality of permanent magnets (54, 74) disposed on said form for
generating a first field for focusing said electron beam;

characterized in that:

each of said permanent magnets has a longitudinal axis substantially parallel
to said electron beam,

an annular winding (38) is disposed on said form for generating a second field
for focusing said electron beam; and

a plurality of windings (58, 78) are disposed on said form in an annular array
and coupled for generating a third field for correcting astigmatic aberrations in said
electron beam, each of said plurality of windings having a longitudinal axis
substantially perpendicular to said electron beam.

2. The apparatus of claim 1, characterized in that said plurality of windings (58,
78) are positioned and coupled for generating a quadrupole field.

3. The apparatus of claim 1, characterized in that said plurality of windings (58,
78) are coupled for generating said third field and a fourth field for correcting different
astigmatic aberrations.

4, The apparatus of claim 1, characterized in that said plurality of windings (58,
78) are positioned and coupled for generating said third field as a first quadrupole
field and generating a fourth field as a second quadrupole field.

5. The apparatus of claim 1, characterized in that said plurality of windings
(58,78) generating said third field are radially positioned between said permanent
magnetic means and said annular winding.

6. The apparatus of claim 1, characterized in that said annular form (72)
comprises an inwardly facing surface (76) having a plurality of slots (80) formed
therein for receiving said plurality of windings generating said third field.
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9. The apparatus of claim 1, characterized in that each of said plurality of
windings (58) generating said third field is a substantially helical coil.

10. The apparatus of claim 1, characterized in that each of said plurality of
windings (58) generating said third field is a substantially helical coil, and said form
(52) has a plurality of bores (60) at spaced intervals for receiving respective ones of
said helical coils.

11. The apparatus of claim 1, characterized in that said form (52) has two sets of
bores disposed alternately in annular arrays, each of said bores of one of said sets
having disposed therein one of said windings generating said third field and each of
said bores of the other one of said sets having a permanent magnet disposed
therein.

12. The apparatus of claim 1, characterized in that said form (52) has two sets of
bores (55, 60) disposed alternately in annular arrays, each of said bores (60) of one
of said sets having disposed therein one of said windings (58) generating said third
field and each of said bores (55) of the other one of said sets having a permanent
magnet (54) disposed therein, said bores of said respective sets having mutually
perpendicular longitudinal axes.



