A DISK‘REGCRDING SYSTEM AND A METHOD OF CONTROLLI NG THE ROTATION OF A
TURNTABLE | N SUCH A DI SK RECORDI NG SYSTEM Background of the invention 5

Fi ekd of the invention The present invention relates to a di sk recording
system for . recordlng a di sk such as a conpact disk. The present invention
al so re ate§“ﬁo ey ‘met hod of control ling t He rotation of a turntable

relative to a 10 ?ecordtno head in a dIS‘ e'-u;ﬂ' YO the
prior art-Many sis¥Péas g R <€

at vy cC U1 a
di sk- shaped nedlun1and N tkyTg NRY Heduc gBadky the
information is arrandg#giéziFﬁiéﬂ—§E—subsganpégﬁgy—crrcéﬁgg‘rrﬁgs or in a
continuous spiral track on the dlnggﬁagqN@ngh%Tgﬁlthe former arrangenent
is the magnetic floppy disk or har S ere [

e information is divided
into sectors lying in concentric tracks. Exanples of the 20 latter
arrangenment include the conventional granmophone record carrying sound
information in apahieg-d@idnéf the saveakighoove in its surface, the
optically read videodrsk carrying video information in analog formin a
series of pits arisngesf stheailhyentiohe surface (or 25 on an interfacial
boundary) of the disk, and the conpact optical disk carrying audio or other

information in digitarhépresent teyertion Eelatesyto a disk magpedings.
The granophone record, the videodi sk

system, for recording a disk such as a compact disk.

The present invention also relates to a method of
controlling the rotation of a turntable relative to a
10 recording head in a disk recording system.

Summary of the prior art

Many systems are known in which information is
recorded on a disk-shaped medium and may subsequently
be played back. Generally the informé;ion is arranged

15 either in substantially circular _fings or in a
continuods spiral track on the @isé. An example of
the former arrangement is the.ﬁagﬁetic.floppy disk or
hard disk, where the information is divided into
sectors lying in concentric tracks. Examples of the

20 latter arrangement_include the conventional gramophone
record carrying sound information in analog form iﬁ
the spiral groove in its surface, the optically read
videodisk carrying video information in analog form in
a series of pits arranged spirally on the surface (or

25 on an interfacial boundary) of the disk, and the
compact optical disk carrying audio or other

information in digital'form in a series of spirally—'



and the conpact disk are all exanples of nedia available to the consuner

whi ch eGannot normally be recorded on by the consuner; recording takes place
ons5™a master di sk which i.s subsequently replicated by various processes
such that the di sks bought by the consuner are close copies of the geonetry
and the information content of the master2adi sk. The process of recording

i nforwfiti on on any of 10 these media usually shares in common the fact that

the di sk or nmasderadged pitsot affbe aframopieete tyerard ) ytheywheéeedbskween
16[err] r.p.m (for sone granmophone records) and 1,800 r.p.m (or even

hi gher for soneanddebthg sieompeit e disk péine @l eexadiplgs( woifchmed§abe 15 a
magnetic head, a mechanical stylus, or a focused |light beam) is traversed
bet ween the i nsf¥aihableutt& e CoOPSURerdwhicgh gagnoternozmallNoPfal |y it

is a requirenent of hhe ﬁeaﬁ ding S%St?ﬂ] that,. the rotational notion
of the di sk mayF$EPyasH §sP¥ b? PPrspmers zprordipgetakes PARSS| SPeasily
ensured by tphe inertia of .t.he disk itself ggether . with that of. the

mechani sm whP ch®r SIBRET | fi.ls?‘hew?la%hllallsnoﬂl%ﬁgg*‘ef’?i%ypotf?ﬁ ’o‘?a‘i%%op’ai ng on

the disk is, h | | | i i
sk 25 recor di Rarepps] ProRpatRN, JudRikhgk e atdd VolghE By FRUCC

usua e recor ead nus

discrete steps RghugrBrt NeréeRALRLE COHLEIN U Lh&C K omdt50LA&Slche N the

cases of granophone records, videodisks, or conpact “di sks, “the recording
3 head nust nDVegngeRiratdoms Comtindl iofe the s tsSldidk 2

The process of recording inférmation on any of

10 these media usually shares in common the fact fhat the
disk or master digk is rotated at a speed typicaily
anywhere between 16% r.p.m. (for some gramophone
records) and 1,800 r.p.m. (or even higher for some
videodisks) while the point of recording (which may be

15 a magnetic head, a mechanical stylus, or a focused
light beam) is traversed between the inside énd outer
edge of the disk at a slower rate. Normally it is a
requirement of the recording system - that the.
rotational motion of the disk may vary only slowly, if

20 at all; generally . .this is easily ensured by the
inertia of the disk itself, together with that of the
mechanism which rotates it. The radial motion of the
point of recording on the disk is, however, not so
easily controlled. In the case of magnetic' disk

'25 recording, it is usual that the recording head must
move in discrete steps between the separate concentric
tracks; by contrast, in the cases of gramophone

records, videodisks, or compact disks, the recording



generally radial direction in order to lay out the information
spi r.al; %track, and it is characteristic of these cases.that the

snodt hness of 5 the radial notion is nore inportant than the absolute
accuracy of radial positioning. Wth a granophone record, for exanple,
any. radfal notion having significant eRergy in the audio frequency band,
even if it represents only a small fraction of the average 10 groove

spaci ng, wi | heagpmustagoyec conddpmetisdy Inatlatulversvenene @isikhenpd ckup when
the final record copy is Ia¥edu and this will be audible as a noise -
super i rrposedgeﬁeﬁ'ﬁélti’ec%?@%ﬂ afdrecsigRalin ovfeR Wedd¥si¥GntP®onpact

di sks there i;s ,not only the 15 possibility that any sudden,radi al notions
of the recor&Pﬁ&qmﬁﬁiﬁhlllﬁhusé théng er %BaF il "t 8%l | &% t h&Strack on
the final disk, but alsag ihe rj | i, kel - ions will
be dangerousq %ﬁﬁ%}%ﬁiéﬁﬁﬁa ﬁg§ﬁ%§$L°§§§ﬁ|ﬁﬁﬁﬁigﬁg%i%$§%ﬁ§H§%%2§%s in 20
spacing b i { b & r 8R PhBcapkBh pacing is
typicalIy%%ﬁﬁ§£ﬁ§%§%3§%ﬁ¥%%%§£gﬁiq&gégg?ﬁgﬁ ?%ngpgcgﬁg has tﬁg gF?ect of

i ncreasing t sbal kag f28f WeeBitibhasks  Wieduldi Bamobh
interferencegﬁﬁn?%gggicturéifronrg v%déodisé? or an 25 i%c?gggegnﬁikelihood
of bit errors-dudiaa cespacie:dingile, t asydesiadakile thodRbAt ah@avarigol er ance
of at nmost +0.lumin the track spacing, and preferably a nuch cl oser

tol erance t hagidrdi Sicant4emherght dinn thiee awetiss sfrgquadcg| bandckievemot i on,

in a -

if it represents only a small fraction of the average
10 groove spacing, will appear as a corresponding lateral
movement of the pickup when the final record copy is
played, and this will be audible as a noise
superimposed on the recorded audio signal. With
videodisks and compact disks there is not only the
15 possibilify that any sudden radial motions of the
recording head will cause the player to fail to follow
the track on the final disk, but also the more serious
1ikelihood that such motions will be dangerous simply

because they will result in significant changes in

20 spacing between successive turns of the spiral track.
Since this spacing is typically only 1.6-1.7uym, and
any reduction in spacing has the effect of increasing
the crosstalk |- between tracks '(resulting in
interference in the picture from a videodisk, or an~

25

increased 1likelihood of bit errors with a compact

disk) it is desirable to maintain a tolerance of at

most +0.lum in the track spacing, and preferably a

‘much closer tolerance than this.



It is usual to nove the recording head along a straight |ine which passes
through Yhe axis of the disk, in other words radially. When
recording 5 granophone record masters this is ‘commonly achi eved by nounting
the recording head on a linear slide or rolling nount and noving it by

means of a rotating |eadscrew and nut. Satisfactory performance 1is
achi eved by careful engineering; the stiffness of the 10 |eadscrew drive
is great enough to overcone residual frict4aon in the nounting. In

vi deodi sk and conpact disk mastering (recording) a simlar technique may be
used, in which the oftd cebviirhtheongcessheyf cradial beeasiirg nBotdobver t he
rotating master disk. To 15 avoid the disadvantage that part of the

optics are thus Hovdifi eusdele tRe PRYRI nthe (XRGEIRFIRG t head 281003 he | i ght

source, normally a |l aser) _have to he fixed, it is alternatively possible to
nove the entire ?Yﬁ?&%ﬁﬁeleﬁﬁidﬂ”ﬁg?r93§s?ﬁe ‘5§‘dFéﬁ)aF8§bﬂﬁgr%§6 with
its rotary beari along a straight |line,_uskng.a |eadscrew, Ile.the
~recording head réﬁéﬁhs |xé%.h?ﬁ I%ﬁﬂéﬁla§?ﬁbag%¥Fcal @ﬁ §odF§E?F%6Pg
optical conpagt . '?£§$ i thes L i1Q) f

const ant Iinggr (\% oC ﬂ#?ﬁ%o%%é%@%%%#%{%gaﬁss%%g@a 13) t&?g&eg;;é?ae e it

al l ows the maxi nyguhe£REditik t irBRocAIHGSt RBRAMEA @Pefahbal ad1ide @ptinum
|l i near velocity (which determ nes the bandw dth of the signal which can be

recorded) througheulihfemoaed Hmd. movihgCanst Bt meafearos/ ehoGidtating
recordi ng, however, adds

leadscrew and nut. Satisfactory performance is
achieved by careful engineering; the stiffness of the

10 leadscrew drive is great enough to overcdme residual
friction in the mounting. In videodisk and compact
disk mastering (recording) a similar technique may be
used, in which the optics which produce the focused
beam are moved over the rotating masfer disk. To

15 avoid the disadvantage that part of the optics are
‘thus movable while the remainder (owing to the size of
the light source, normally a laser) have to be fixed,

it is alternatively possible to move the entire
turntable (which carries the master disk) together

20 .with its rotary bearing along a straight 1ine, using
a leadscrew, while the recording head remains fixed.

In long-playing optical videodisks, or optical

compact disks used for audio or other data in digital
form, a constant linear velocity mode or recording is

25 normally used because it allows the maximum recording

time consiséent with'oéeration at the optimum linear
velocity (which determines the bandwidfh of the signal

which can be recorded) throughout the recording.



conplicat{ons to the system because neither the speed of rotation of the
di sk,; ner the speed of radial notion of the recording or playback head

relative to 5 the disk is constant. In a playback-only systemthis may be
no great problem because both rotationa# and radial notions are normally
control I-ed by servos governed by the information already |laid dowm on the

di sk. Recor d/ pl ayhagks &yt eifndd 'y VAP LeRidrid © nll Lager di ng

systens) using pre-grooved di sks are si nply i npl enent ed ‘by servos of

thi's type. HVEWSTicAPidNE €8tnOfs ¢! YedRISY HIG NS B speed deodi sk
or conpact disk, where the master disk is initially devoid of groove

structure, thefe rdotaxikdn pogbl€ie i aighNerndtntHdiespedd réf midils as it
were fromfirst principles. If information is to be recorded in a spiral

track of pitchofiah afl ithearecdretirigy or thbaybaékt headnsiedatdveouso r adi us
Is R-and the rotational speed is 20 {err] (radians/sec.) at"time t, 0) v
R . 5 the disk EguebhstahtandIn a playbackRonly system this
Equation 2 dt 2[err] 25 fromwhich dR = Pv

Equation 3 dtmay be no greagr prRbgpmAleCEsEe dpgthogefatiipnaie awht ext of

defining or follow ng a Elurality of substantially circular and concentric
i nformati on tFagkel aMOLiPARgeRERt PIFRRILR coptfolled by servos

governed by the information already laid down on the

disk. Record/playback systems (for example read/write

10 data recording systems) using pre-grooved disks are

also simply' implemented by servos of this type.

However, in the case of a master recording system for

videodisk or compact disk, where the master disk is

initially devoid of groove structure, there is a

15 problem in generating the required motions as it were
from first principles.

If information is to be recorded in a spiral

track of pitch P at a linéar velocity v then, if the

instantaneous radius is R and the rotational speed is

20 o (radians/sec.) at time t,

®0 =y
: R Equation 1
and : - dr = P® Equation 2
- dt 2rn
25 from which dr = Pv Equation 3
dat 2nR

EP-A-011495 discloses, in the context of defining
or following a plurality of substantially circular and .

concentric information tracks, an arrangement in which



the rel ationship of Equation 1 is obtained by generating a signal dependent
on the.rwadius R and generating therefroman alternating current signal of
fredquency inversely proportional to the radius R The 5 angul ar rotational
speed [err] of the turntable is then synchronised to that alternating

currentzsignal. The sane alternating current signal is used to control the
radial velocity dR, in accordance with Equation 2 dt 10 wusing a |lead
screw drive. A simlar nmethod is deécribed in EP-A-011493, in which an

alternating current signal with a frequency inyversely proportional to the
radius R is §BRer Zed@tirnsiHis Qfe BRMatPRithl &Fvi SPERIpEGcedy 15

It may be noted that the nethod | scl osed in EP; A—Ol%.495 nd -A—011493
bot h requi regﬁﬁﬁfaiﬁngl tr #A8PA eng (RR| the R HAtYE eg’fi "3 to

whi ch the turn lLe.raotati t |§%§Q QNJ é*gn‘gair f e present
I nvention Zogekgga%ﬁg%di%ég%s%ﬁ%at?g‘v%ﬁ| -%J;Crlp s%re or e% eraé;he
recordi ng h??%e%etn!aﬁr b hRbaRhg Beaboreibndle toReRet PEATAYLI RY ehsTENt . _
However, whichever 1S the noving el enent, a | ead screw drive systemis not
conpl et el ¥ sahigefllagt AFord ¥iohaE0gpekdokn COfPERé dushtabllecrigigekén because
of the great snoothness of notion required. A very precisely ground |ead
screw woul d kgmmtaded seahdcs tthad ad ternsitimg cgrekenttheigaad .scr®we nechani sm
coul d ‘cause significant problens. If a drive nechanismother than a | ead
screw i s same alternating current signal is used to control the

radial velocity dR, in accordance with Equation 2
dt

10 using a lead screw drive. A similar method is
described in EP-A-011493, in which an élternating
current signal with a frequency inversely proportional
to the radius R is generated, .in this case by a
digital division process.

15 It may be noted that the methods disclosed in EP-
A-011495 and EP-A-011493 both require that an
alternating current signal is generated first, to
which the turntable rotation has to be synchronised.
Summary of the Qresent invention

20 As discussed above, it is possible for either the
recording head.or the turntable bearing to be made the
moving element. ‘However, whichever is the moving
élement, a lead screw drive -system is not completely
satisfactory in videodisk or compact disk mastering

25 Dbecause of the gréat smoothness of motion required.
A very precisely ground lead screw would be needed,
and sticking or siipping of the lead screw mechanism
could cause significant problems.

If‘a drive mechanism other than a lead screw is



7 enpl oyed, generally it will be less stiff than a | ead screw. The

snoot hness” of the radial tracking notion is then strongly dependent on the
attai nirent of very low friction in the bearing on which the recording 5
head or (as the case may be) the turntable bearing unit noves. In-
accerdarice with a first aspect of the preskent invention, the recording head

and turntable are nounted so thai&the axjs, of the turntable is nnxable 10
relative to the enRd %y FRARFAHY T HE- U (R 11958 oF t1R5t thaDefeti®2Bei ng

defined by - ir_beari h |I4hear] h
of  provi di ng versPTo or FaecERPERGeRCHE sl Ha il LhdeRia RESEBKCT °°

y neg on 1n ésrred

direction of Mol QNen&OMBLEGHgdy WebBnfbAR! bl I Goeed fofiBit 08! Goiher

directions. In order to contr ative notio t he recordi ng” head

and the turritablg,beariBgidnsad! ¥hei bebtitieadnt hlich) tH&lereb8raghdi n the
full advantage of using a friction-free air bearing to support this 20

moti on (whet %r KBadOBirng dshetheceadengmaicate pr the NByvimgabhe beamtial e
beari ng assenbly) the driving mechanism should not of itself add
friction. Frictiwnt€reevesans of causing relative notion are known, for
exanple electric notors using a current- 25 carrying coil of wre nounted
in a magnetic field, bn apeapfangerwhtbne Aiayast sspecddodn thye preserdbl e
magnetic field, or induction or hysteresis notors using novabl e

el ectrical ly conteerhioBr fEPeonkgferfdéng head and turntable are

mounted so that the axis of the turntable is movable
10 relative to the recording head, with the direction of
that movement being defined by an air bearing.

The use of such an air bearing -has the advantage
of providing very lbw or essentially negligible
friction in the desired direction-oflmotion, combined

15 with great stiffness to motion in other directions.

In order to control the relative motion of the
recording head and the turntable bearing assembly, it
is clear that in order to retain the full advantage 6f
using a friction-free air bearing to support this

20 motion (whether by moving the recording head or by
moving the turntable bearing assembly) the driving
mechanism should not of itself add friction.

i Friction-free means of causing relative motion are
known, for example electric motors using a current- -

25 carrying coil of wire mounted in a magnetic field, or
movable permanent magnets acted on by a variable'
magnetic field, or induction or hysteresis motors

using movable electrically conducting or ferromagnetic



el enents acted on by a travelling alternating nagnetic field. Generally
such dritving neans have in common the property that in response to sone

control Signal they will exert a controllable force on the novable 5
el enent; however, when applied to a novabl e assenbly nounted on an
air Beari ng, t hey do not characterigstically act in such a way as to

define the position of the novable elenent, but only in such a way as to

define its accel elehénbs 8&D6€ dhepyQ tmRshAN G Nekaviainginddie yyvi ng
element on its friction-free bearing is domnated by its inertia. This

behavi our is in tbeldast Gendrimllwf sachedddcriewy asdared ohavehioh dsmmon
mechanically stiff and directly deterni nes the position of the novable

el ement. 15 Addi thenaropeirtablthateals sespohsector somec eoirPlt (S Y ol
the position of the novable elenent. It is well known in the art to control

the rel ative not tBRYoMitho fFends PpFAahir Hersei BR $OSsitRVakkas to

detect the notion, together with an 20 anplifier responding to both
the Coutpat  Bf  SLAESHES MO HSTeaRBLARE 5 ExTERRNLS LHRm Lo

control signal,__th output from the applifier prqviding §he control
i nput to the not 8?‘18?3& her®™tri Vithg nBdfs igggﬁéﬁ’ga wag:\‘ﬁ?{at' the red®Fting

Cont 1ol “si gnal - TReGeRar st A SRPECLY ek 1 ) DR I0SE Fhs ,

Such a system ghaanaqic i$f 1 €Re! holdd1d) diRn{ I egYENEKR1Y Mid d&h a 9

: way as to define its acpeieration, since the

10 mechanical behaviour of the roving element on its
friction-free bearing is domihated by its inertia.
This behaviour is in contrast to that of a leadscrew
actuator, which is mechanically stiff and directly
determines the position of the movable element.

15  Additional suitable means are therefore necessary tc
control the position of the movable element.

It is well known in the art to control the
relative motion of two elements by providing position
sensing means to detect the motion, together with ar

20 amplifier responding to both the output of the
position éensing means and an externally supplied
control signal, the outpﬁt from the amplifiexr
providing the control input to the motor or other
driving means in such a Qay that the resulting motion

25 1is constrained in accordance with the externally
supplied control signal. In other wprds, this is &

negative feedback servo-loop. Such a systen

characteristically has an upper frequency limit (or



‘bandwi dth) such that for notions having conponents predoninantly bel ow this
frequency Iimt the notion is well controlled by the feedback | oop whereas
for motion having conponents predonminantly at higher 5 frequencies

t he feedback | oop exerts little control. In the arrangenent descri bed
above, relating to the control of a madsi ve assenbly -nounted on a
friction-free beari t he .choice of bandw.dth (which may be readily
adj ust ed by Pﬁﬁﬁﬁfﬂgg%lﬁ%ﬁhaghg%t:%flﬂowégﬂﬁ(ﬂa%ﬂ%%iééﬁqgﬁﬁﬁyﬁfier) may
be a difficublGARRHARKSS peibll tHEREERGENE] { AREPAGS GRILIAL 53 system
consi.sting oP & massive 4sse y nountedon a frictron-free bearing is very
vulnerabl e {Qa@y! ceaakrdl beal 0P, GHaCecbRLRR PLEESNEFedd ClEas b ation
15 causing the normally "fixed" elements of the systemto nove, the
tendency: of WadlioWoUhdvioigTeldompedntid e priddomifiityy e€MiighdsS 1O
remain stationary owwng to their inertia, resulting in a large relative
nmot i on betswegieiiencies hhe Fediackndoop @xerits 1o e tdentfblensitivity
to linear vibrations nmay be reduced by bal ancing the noving assenbly.
There remains, hdwevdys arsamgemnenttgesoribbdaabove,wrelatiang to
rotational conponent -about the axis of the bearing. To suppress such

rel ati ve notithe t FentEedbaeif | sopmassivst aasemhlyaryeunsrdwi @h,acovering

all the frequencies at_which external vibrations may be present. If this is
done the ext &TiAtiAnntAeRearing, thye choice of bandwidth (which

may be readily adjusted by changing, inter alia, the

10 gain of a suitable amplifier) may be a difficult
compromise. In the absence of feedback control a
system consisting of a massive assembly mounted on a
friction-free bearing is very wvulnerable to external
vibration, since in the presence of such vibration

15 Cauéing the normally "fixed" elements of the system to
~move, the tendency of what would nofmally be termed
the "moving" elements is to remain stationary owing to
their inertia, resulting in a large relative motion
between the two. If the bearing is a rotary one, the

20 sensitiﬁity to linear vibrations may be reduced by
balancing the moving assembly. | There remains,
however, a sensifivity to vibrations which have a
rotational component about the axis of the bearing.

To suppress such relative motion the feedback loop

25 must have a large bandwidth, covering all the
frequencies at which external vibrations may be

present.

If this is done the external vibrations are



attenuated as regards relative notion between the "novable" and "fi xed"

el enentst but at the sane tine any noiselike or other fluctuations inherent
in tthe signal generated by the position sensing nmeans 5 increase in

i nportance; for the action of the negative feedback |oop is such as to
att.enptw=to hold the readi ng obtained froegthe position sensing neans to a
set value, determined by the external control signal, so that the inherent
fluctuations ettenumteshdasg t€garfier efekat appeamotiwin hbeppeent etBeégn, in
the actual position of the novable elenment. Specifically, those inherent
fluctuations Wmomekle' and hi'fixed" f edgquendy. bdvdniak Fhid $3e nE§BL| ve

f eedback | oop becone_ inposed on the actual position of the novable el ement.
15 | ncreasi ng &We 'b%h%gvfﬁl‘ﬁ Preritne tlyektatdenexdahenendi sty KBRces but
increases the effect of fluctuations in the position sensor reading. In

the context ofSXEMfodi SRNGFLEHApalY dithe SYP iTenEyPe BRAPPcUlt to
find a bandw dt h great gnough to renpy, t he exter I_brations _which
does not u%yc A ?ifei%rlé'%%r‘f$%c%hc€?'tz%hrﬁ ActidH g)%lbﬁ]t n%éa%ﬁ/e

y cause esé i nher ent
fluctuations. - I nqt.ed t e .abo SGUSSL O d ual 1y,
whet her the ou%%%?é%@gt ﬁle _osiqisl oﬁhgg séé%sit%g ég:é%géi%s gﬁ’r@éﬁl i
representati Veré’idﬂ?& 66LaLh48 PeShl tAB Bbsihe PGB i eddneed P ts (so
t hat the feedbac

| 00p acts in such a way that the external control

signal controkgt {Heuel ClatbYRinedPdy itheNkxterdal cHMUIAr sidd¥, said
out put S )

so that thé inherent fluctuations in this reading

10 therefore appear, with opposite sign, in the actual

position of the movable element. Specifically, those

inherent flﬁctuations which fall within the frequency

bandwidth of the negative feedback loop become imposed

on fhe actual pbsitiop of the movable element.

15 Increasing the bandwidth the?efore-attenuates external

disturbances but increases the effect of fluctuations

in the position sensor reading. In the context of

videodisk or compact disk - mastering, it may be

difficult to find a bandwidth great enough to remove

20 the external wvibrations which does not unacceptably

increase the uhcertaintY' caused.‘py _these inherent
fluctuations..-- |

It shoﬁhﬂ be noted that the above discussion

holds equally, whether the oﬁtput of the position

25 sensing means is directly reéresentative of the

relative position of the mévable and fixed parts (so

that the feedback loop acts in such a way that the

external control signal controls the relative



representative of their relative velocity (in which case the externa
contr;ol signal controls their relative velocity). Simlar considerations
govern the 5 choice of bandwidth in both cases. There is therefore a need
to reduce the effect of external vibrations without relying on a negative

f eedback~1 oop of the high bandwi dth. In Bkcordance with the first aspect
of the 10 present invention, there is provided passive danping of the

noti on of the PEFABHENSenefS, fHieE@npl ethg a FREAM- f OV tdasHfbt . Wth
such a dashpot, an outer elemeni s secured. .o e.g..a fjixed.elenent (or
frame) of tﬁe §?§ﬁ§ﬁ%§%§9ﬁYerérkg?éﬁem§i§?¥%%d$ PEHY h lTSVHﬁﬁvhéle
assenbly nounted _on frjction-fr i ng., . ri ve. Such a
dashpot offer?g\ﬁescf)t&;% r &8s rglr%(}e %;%rltbch%%lno%}%%gf teoce%ltnzgc\&/igsbl ethe?lertjrent S.

By contrast to.dhig Qfd e dity)e" ?&%i?{ﬂ%gﬁ}%&aﬁﬁ%g%ff &bl | i se

the notion of these elenments wth inertial)

frame, the &ffefoitle Y HAHHFAEh T3¢ iSaddstend to stabilise the
noti on of the novable elenents with reference to the franme of the machi ne

itself, .and thus to Wmidmhual ehetidford Banebd 86CL88UAEELtABYeFfdERIGHNS I N
the frame 25 as far as relative notion between the "novable" and "fi xed"
elements is eotearmmeld. vibrsitieaserwithbuts atélnirag i @n oacunsgayiperel'y
passi ve neans, and does not add noise or fluctuations as the negative
f eedback 12 femdhmpdhdpate sef i thel kg coandiwidbhve done.
. | In accordance with the first aspect of  the
10 present invention, there is provided passivé damping
of the motion of the movable elements, for example by
a fluid-filled dashpot. With such a dashpot, aﬁ outer
element is secured to e.g. a fixed element (or frame)
of the system and an inner element is secured to the
15 movable assembly mounted on the friction-free bearing
described above. Such a dashpot offers viscous
resistance to the motion of the movable elements._ By
contrast to.the effect of inertia alone, which is such
as to.stabilise the motion of these elements with
20 reference to an external (inertial) frame, the effect
of such viscous damping is to ténd to stabilise the
motion of the movable elements with reference to the
frame of the machine itself, and thus to atténuate
rather than td accentuate any vibrations in the frame
25 as far as relative motion between the "movable" and
"fixed" elements is concerned. Moreover, this
attenuation occurs by purely passive means, and does

not add noise or fluctuations as the negative feedback



It is necessary, by way of explanation to nake a clear distinction between
the effetts of friction and the effects of viscous drag. Friction occurs
wheri two 5 solid parts are in contact, and is characterised in that in

order to cause a sliding notion between the parts it is necessary to apply
a f.orcezwhich exceeds a certain thresholg no matter how sl ow the desired

notion may be. Vi scous drag, as prodﬁ ed by a 10 dashpot by contrast
sets up a forcge |n nesi st o] I ve 1o ko, ecreases as the
speed of rel aP Py Cmdt8n ecrreite?se‘{s baov? ha?u%% Ha

rmtion may be

readi ly controlled jjy ;\amd i 418, ap_.;y il fOF C&p Mi@nt@g maRs | gst
speeds. It

is an object 15 of the ‘present |nvent|on to elimnate friction

forces by thedisRrofdidt Bidtftdeaidched sLPEAES bheprD¥tybacang forces
by the use of a dashpot. To control the nmotion of such a systema negative

f eedback servaheeffertgescvikeduabdrag.myrietion eapuergedhen dHavever,
since the dashpot provides the neans of attenuating the effect of

external viSor #dldnd, pantisakge- igi reentaet| equidr dés spleadactenbsedn ivhanges
only gradually with the radius of the recorded information on the disk in
the case of 2Fhahsianprdegedico auretd cIidinedmetion, batdeany thet change
at all in the case of constant-angul ar-velocity %CAV) recording, this servo

| oop may have REEYR ’rtbéﬁd%F&FﬁsPirYe to, aRply r3sHeRse Whieh sxSeedsit any

13 fluctuati Or]as é:(g,} ggruxcecq\res e n‘Dt {ngq]:ter Orwesg ow i:he desired

motion may be. | Viscous drag, as produéed by a
10 dashpot, by contrast sets up a force in resistance to
relative motion which decreases as the speed of
relative motion decreases, so that the rate of metion
may be readily controlled by varying the applied
force, down to the smallest speeds. It is an object
15 of the present invention to eliminate friction forces

by the use of an air bearing, and ;:o replace them by
viscous forces by the use of a dashpot.

To control the motion of such a system a negative

feedback servo loop, as described above, may be

20 employed. However, since the dashpot provides the

means of attenuating the effect of external

vibrations, and also- since the required speed .of

motion changes only gradually with the radius of the

recorded information on the disk in the case of

25 constant-linear-velocity (CLV) recording, and may not

-change at all in the case of constant-angular-velocity

(CAV) recording, this servo loop may have a small

bandwidth (i.e. a long response time) such that. any



I nherent poise in the position sensing neans are not inportant. A
bandwi dt h corresponding to a response tine of 5-10 seconds has been found
by the applicants 5 to be suitable. In accordance with a devel opnent of the
first aspect of the present invention, otary bearing is used to support
the rel ative novenent of the recording heéad and the axis of the master disk

n an arc rat hegudfuakhBRsaiAtishalbal LAk che Moishess o Ao Nt the

recordi ng head renmains stationary while the turnta bearing unit noves,

and the grc of jhpkabnte ndFiidedin StidlGhod edoh heeRsiAgampanist iaxe Wy e the
recording.head lies directly on the axis of the master disk. This 15
enabl es i nf or mMainpomrtantui si bl bandwidrbs doxrdespaashirdedtas aclmspdrisd he
centre of the final record as may be desired. Also in the preferred

enbodi nent t hetames off SbdOh selronds iiashb beeye fioungl dwl tthee apiciehnts ar y
beari ng which supports it are vertical; so that there 20 is no
gravitationd® fter sevidiakde-0 nove the turntable bearing unit one way or
the other. It may be thought that it is functionally inferior to allow the
recordi ng head to miVe PFCARIARES Bt @ OEVEROPREY 0Pt ideyi k=6t her

than in a 25 straight line. In fact, in _the case aof granmophone fecord
metering, i ne@Rcs £ TR PERFeRFAPvERtIPRy & SRR AT s By o
PLY1 v o o B AIBIRAER, LRl Bhehiobe g BFcdRaLG < ok
head and the axis of the master disk in an arc rather
10 than a straight line. In a preferred embodiment the
recording head remains stationary while the turntable
bearing unit moves, and the arc of relative motion is
such that there is a position where the recording head
lies directly on the axis of the master disk. This
15 enables information or visible markings to be recorded
as close to the centre of the final record as may be
desired. Also in the preferred embédiment the axes of
both the turntable bearing and the second rotary
bearing which supports it are vertical, so that there
20 is no gravitaﬁional force tending to move the
turntable bearing unit one way or the other.
It may be thought that it is functionally
inferior to allow the recording head to move in an arc
relative to the axis of the disk rather than in a
25 straight line. In fact, in the case of gramophgne
record mastering, since if is almost universal to play

gramophone records by a stylus mounted on a swinging

arm, it may well be that, if the master disk is



simlar geonetry to that of the playback stylus, then the tracing

di stortidn (arising during playback fromthe variation in orientation
between the stylus and 5 the recorded groove) .may actually be |ess than
with a linear notion. 1In the case of. optical recording of videodisks of
t he "Laservision" type and conpact’ disks using a focused |ight spot, the
recordi ng process is not strongly senshhive to the orientation of the 10
recording head to the recorded grooves. 'Furthernore, at |least in the case

of vi deodi sk RBact .. dj e organal AN
vel oci ty (Q\%)ejﬂb‘io%‘m@? a dbehfuberBlARG Fora YAl £0B5Ea8! ol

the eff'ect of"the arcw Se notion on the linear recording

velocity is REG:IHMD Fedd ¥} hed anh 00ot ke 151 4Badk C¥LFEUBDL khBNhAs an
angul ar conponent relative to the di sk, because the arcw se notion is very
sl ow conpar ecthe ttrddieng oiabitopgliondt(iaarisiing hdurdasg eplaybickTieok r st
aspect of the present invention may 20 thus provide a viscous dashpot to
danp and contthe vaeiatdoanl iel emeienbétiehabetseent idre ostydusr @éndy head
and master disk in a disk recording systemwhere the relative notion is
required to behe rregrrded ngspove) mappachkugdilvabe Aess tharmpwdfdy &y, the
master disk rotates relatively rapidly on a first beari

rel atively s|bvpeasi BPtdPErent IDf PﬁeQ§§Qj9%!%EF%%a%DFggﬁgﬁg“éﬂgﬁBrtgd by
ﬁnf?ggnﬁsr gt 2#%3%? ?r.lsﬂg 310: ';[:l'rx]gt"'-ﬁat]seerviégogadizj%e ealu'%mcrgmé)gc‘é Qﬁsrl?sl; ative

using a focused light spot, the recording process is
not strongly sensitive to the orientation of the

10 recording head to the recorded grooﬁes. Furthermore,
at least in the case of yideodisks anﬁ compact disks
recorded at a nominally constant linear velocity
{(CLV), the effect Qf the arcwise motion on the linear
recording velocity is negligible notwithstanding that

15 +he arcwise motion has an angular component-relative.
to the disk, because the arcwise motion is very slow
compared with the rotatiohal motion of the master
disk.

The first aspect of the present_invention may

20 thus provide a yiscoué dashpot to damp and control the
radial element of relative motion of recording head
and master disk in a disk recording system'where the
relative motion is required to be in the form of a
smooth spiral.

25 Preferably, the master disk rotates relatively
rapidly on a first bearing and the relatively slow
radial element of the said relative motion is

supported by a second rotary bearing so that the



arc. Preferably, the force to produce the relative notion is provided by a
direct-dfive electric notor 5 using the noving-coil, noving nagnet, :

i nduction or hysteresis principle. Alternatively, the force to produce the
said relative notion is provided by a sprlitnhg, whose other end may be noved
control kably by a geared notor 10 assenbly. The first aspect.an}pQr
present inventioadiay glemenic|aficthe hESLPRSVEr MISnt St 8r Cupporit ng the
relative.notion of the recording head and the naster disk in a disk
recordi ng systea¥®here the relative 15 notion is required to be in the form

of a snmooth spiral, in i ch.the st | sk,pot | @KV {dly on
b Fﬁg\g]gé-la gﬁ% FordeSke ﬁcﬁﬁléee ghivetyraepidl y

a first bearing and yVer | ow'radi a enent of the said relative

noti on of the recqrding he h i shiPeatLagive ViRitas Aytdd a
second rotary b@&%ﬁﬁﬁ %gptﬁg?g?ﬁgarg?gf{velnntion %s acircular arc. ,

Preferably tge LESYY ERLAMG AR 1KY S hBOANngN MagndBAr iingludthieorenbir e
assenbly of tthe master disk on its turntable and bearing is supported on a

bracket 25 noumﬁygﬁg}égggrégfﬁciﬁléhe.second rotary bearing, and the
recording head is fixed. The first aspect of the present invention may al so

i nclude means for sengjpg fhe; 819t 1 hdidiedl to ghoduBepatis whereby a
novabl e set of conducting el enents

relative motion is provided .by a spring, whose other

end may be movéd controllably by a geared motor

10 assembly.’

'The first aspect of the present invention may
also include a beariﬂg arrangement for supporting the
relative motion of the recording head and the master
disk in a disk recording system where .the relative

15 motion i.s required to be in the form of a smooth
spiral, in which the master disk rotates rela_ttively
rapidly on a first bearing and the relatively slow

radial element of the said relative motion of the

recording head and the first bearing is supported by

20 a second rotary bearing so that the relative motion is
a circul_ar arc.

Preferably the second rotary bearing is then' an
air bearing, the entire assembly of the master disk on
its turntable and bearing is supported on a bracket

25

mounted on the rotor of the second rotary bearing, and

the recording head is fixed. *

The first aspect of the present invention may

also include means for sensing the relative motion of



may nove in a transverse direction between two sets of .fixed conducting

el ements* carrying alternating voltages of opposite phase and the
capacitively 5 induced voltage on the said novable el ements forns the input
to a phase-sensitive detector, the refergnce input of which is the said

al t:ernating vol tage applied to one set of fixed conducting el enents,

so
that the d.c. ©ubpdred vwhersay ce plasab benss t iofe cdetdacttoing £1LMENYH| t age
representative of the relative position of the fixed and novin

el epent s.
Preferably, theayehavevennotiansehee sehsegtien Pebraenohyf %%‘é,s 3hd the
~fixed and noving el ements have the shape of circul ar sect

Preferably, anfa#8P:i ofandyetinge r8pPBERNEat | GR* Y PHe r%%éegﬁgF%Pgtive

noti on of the fixed and novin

el enment s i s_obt ai ned ec LG als omt he

vol t age repres¥RIAAGRF 0Pk hERRITI TS e PARFTI o%’%f %ﬁ% s%‘f’fggle:ﬁ'grlnkaﬁréftﬂg.r 20
Preferably, _ the forc ( e . hhe lati ' ' ahdy a

li near serv@ aﬁﬂqfufcfeecf \}\ﬂc}o%ed)eld%&ut%&agg%fgbﬁlb%gq%gﬁg%Iﬂéve of the
rate of rel ativiq}ﬁm%i w obt ahaed 2% Rlaue, dndetebeber,enee V ld Rgsence
representative of the desired rate of relative 25 notion. A second aspect

of the present jiyeptéprwidh NOwe ghist usedndtriony Epidtags @ppliédR = 0
at tineto, ther 17 Equation 4 bel ow hol ds:

to one set of fixed conducting elements, so that the
d.c. output of the said phase-sensitive detector is a

10 voltage representative of the relative position of the

fixed and moving elements.

Preferably, the relative motion to be sensed is
a rotational one, and the fixed and moving elements

" have the shape of circular sectors.

15 Preferably, an additional voltage representative

of the rate of relative motion of the fixed and moving
elements is obtained electronically from the voltage

representative of the relative position of the same

elements.

20 Preferably, the force to produce the relative

motion is controlled by a linear servo amplifier whose
inputs are the voltage representative of tbe rate of
relative motion obtained as above and a reference

voltage representative of the desired rate of relative
25 motion.

A second aspect of the present invention will now

be discussed,

From Equation 3, if R = 0 at time ¢t,, ther



R={Pv (t-t[err])} Equation 4 Ffromthis, it follows that: 5

= {P (tit[err])}[err] Equation 5 [err] Thus, both R and [err] are
non-linear functions of tine. It-would be possible to generate these
functions 10 of tinme in a digital conputer, and feed the functions to
digital -to anal og converters to obtain ygltages representative of the
required values of R and [err] It would then be possible to use those

voltages to cq&dé)&i&erycbéyﬁe;%l@@yerni ng the radial and 15 rotational
notions. However, such an arrangenent has the di sadvantage that the val ues

of Rand [err] thus obtained RecesBar (tytghinge in a seegpatienmanner, the
magni t ude of those steps dependi ngnon the rksolution of the digital to
anal ogue converters. 20 It would al so be possible to use a digital
conputer to gener atBremviihie, ofitt feliawe thathange of radius R, given by
equation 6 below dR = Equation 6 dt

((, PV - .
[err] 25 5  This val ue, to@efheLEmdﬂﬁ‘th Val ue of [Es&ugtigs iSved by
Equation 5, could be used to -derive™Wal ues ich could then be output via
digital to anal og convertgrs and fed to servos controllinﬁgthe radi al and

rotational vel ociti&84Sa BPHG & & tﬂlaﬁ?aﬂﬂﬂ?kﬁﬁgﬁﬁ EBREELPBF Odul d be

.used for both values, since they . 18
' : time.

It would bé possible to genérate thesé functions

10 of time in a digital computer, and feed the functions
to digital to analog converters to obtain voltages
representative of the required values of R and w. It
would then be possible to use those voltages to
control servo systems governing the radial and

15 rotational motions. However, such an arrangement has
the disadvantage that'the values of R and o thus
obtained necessarily change in a stepwise manner, the
magnitude of those steps depending on the resolution

of the digital to analogue converters.

20 It 'wouid also be possible to use a digital
- computer to generate a value of the rate of change of
radius R, given by equation 6 below.
dR = (___gy__q “* ° Equation 6
dat dn(t-t,)
25

This value, together with the value of ® derived

_by Equation 5, could be used to derive values which

could then be output via digital to analog converters

and fed to servos controlling the radial and

rotational velocities. A single digital to analogue

30 converter could be used for both values, since they



have the .sane tinme dependence. Such an arrangenent woul d have the advant age
that there are not the stepwise variations in R but only inits rate of
change dR and the effect on the recorded disk is 5 dt nuch | ess

severe. However, the provision of an appropriate conmputing system neans
that comnplexity is high. The second aspect of the present invention 10
therefore seeks to obtain the necessary_rel ationships between R and [err]
by anal og neans. At its nost general, t he present invention proposes that
signal s are genglat cQLkESRIRE R4 R /0d o; oduct of rhese two
signals is then Used T o controﬂ theéreotdgéflon 15SL§F‘ %Lne turar‘\t%%rhe ?n

dependence onydiadi hh¢eentRebeiaesmcifal Hhoducinerdl areef abencenyal ue. A
signal [err] corresponding to the radius Ris generated, as 1is a signal

represent ati vestafpwinssl paepatibasalid ory heou®t 3hign Mel ekt yedws rbs The
former 20 is preferably a voltage signal and the latter is preferably a
frequency si gretlange QIR hamsd f thquehffgcsi gmaltheayrdmomiestiutisk bi'sa sl ott ed
strobe di sk attached 4® a shaft of the disk recording system which may be
sensed by suitabl e optical neans. The 25 signal VR and the frequency
signal may thdek JdOfF nS¢Vierea nul HPPeyehRg  dERer ipneEktkoRi fli 8™whi ch
generates a suitable _signal roportional to the product [err]. This product
may be a vol t RRPEPHREPTCVFP Huﬁhﬂ)gt REATtER BERPSr &hal CR™RLEE dYedSe
voltage [err] trlg&r‘esent ative _

The second aspect of the present invention
10 therefore seeks to obtain the necessary relationships

between R and ® by analog'means. At its most general,

the present invention proposes that signals are

generated corresponding to R and ®; the product of

these two signals is then used to control the rotation

15 of the turntable in dependence on the difference

between that product and a reference value.

A signal V, corresponding to the radius R is

generated, as 1is a signal representative of and

proportional to the rotation velocity w. The former

20 is preferably a voltage signal and the latter is

preferably a f-requency signal. Such a frequendy

signal lﬁay be produced by a slotted strobe disk
attached to a shaft of the disk recording system, .
which may be sensed by suitable optical means. The
25 signal V, and the frequency signal may then be combined
in a multiplying discriminator circuit which generates
a suitable signal proportional to the product R(n..

This product may be a voltage signal, which may then

be compared with a reference voltage V, representative



19" of the desired linear velocity. The difference in voltages may then
be used fo drive a servo anplifier, which in turn drives a notor which
rotates a turntable of the disk recording system 5 Thus, with the
second aspect of the present invention, it is possible to forn1a servo | oop
whi.ch tends to hold the product [err] cdﬁ%tant and equal to the desired

| i near velocity. A separate discrimnator circui g %hglso be used to

derive fromtHeff Fé&uéﬁﬁlui%d sﬂ-gﬁéPra V\Rﬂ-lchd@"[ er it EBRERTPVE™™Of the

quantity [err] [err] where P i

d
oyt heh be. COMpRFEReH BAYa DB B8cuPBhr FoaBFFVEa®) PBRVPhENEd Sarage [or 1]

age [err]
whi ch represent uantit T | e Jee |4 ages
[err] and [errY ﬁﬁﬁe f’ﬁ ﬁuﬁ?l%re esécegrvﬁonrgl ]iehr%(%%gé out %&‘E‘J?‘z‘a\é’?eés radi al

nggoFérI?us 5@6 ggg Ot i 1 %gc%ﬁ% 5 Vo 20 loop is such as to tend to

[err us to hol radi al velocity dR equal to the

desired. dtgval ue Er?x'hrsl [ gk &h 2@13 secdiEl aspllct t B dthE rReEsh€g
systemis used for optical recording of videodi sks or audio or data conpact

di sks. Brief dep¢eniiicn) aft tie sbseivps €0 €obmdamseirved Idup palebemt
invention will now
tends to hold the product Rw constant and equal to the
desired linear velocity. A separate discriminator
circuit may also be used to derive from the frequency

10 signal a voltage V. representative of the quantity

Po,
2n

where P is the desired track pitch. This voltage V.
may then be compared with a voltage V, derived from the

15 voltage V., which represents the quantity dR.
dt

The difference between the voltages V., and V_, may
then drive a servo ‘amplifier whose output' causes
radial motioh. Thus, the action of this second servo

20 1loop is such as to tend to hold V, = V. and thus to

hold the radial velocity dR equal to the desired .

dt
value PO.
2n
25 ° Preferably the disk recording system is used for .

optical recording of videodisks or audio or data
compact disks.
Brief description of the drawings

An embodiment of the present invention will now



20 be described in detail, by way of exanple, with reference to -the
acconpanyi ng drawi ngs, in which: Fig. 1 is a schematic view of a disk
recordi ng system according to an enbodi rent of the present 5 invention;
Fig. 2 illustrates a |linear dashpot which may be used in the present

I nventioen; Figs. 3a and 3b illustrate a first rotary dashpot. which may be
used in the present invention,” Fig. 3a 1@0%eing a sectional view and Fig.
3b being a detail of the dashpot mechanism Figs. 4a and 4b ill.

trate
a second rotdrey deseFdtathi dR nd9tBd luselYi e P e SERA™RAYFenttoR, Fig.

4a representing a sectional view and Fig. .4b 15 illustratin letail of
the dashpot necIRERERCE §° BPE PESPF‘HPg?lgﬁ éf?é’ﬁé‘@r?ent“hs‘&n%kg' spring for
applying a the torqug,to the shaft of the i< | 1= beapi [ di ment
of the present invelrilfef%h_,tlt olgset%e§c§\ne't“ﬁjeécwal%§'af%fr %Déhggr ixjr%g tdgr%bgt ation
of 20 the end of,LhenSPILAG-AERT! ecd ' UM  BnBARNnt"l B2 Be Askdent

i|lustrate anotTer arrangenent using a spring for applying a torque to the

shaft of the mamvgm:igga}r ing in the enbodi nent of the present invention,
together with a nmeans

or nonitoring the 25 strain on the spring, Fig. 6a
being a perspective wigw @f itth&sAiraiege e it Fgshidbt behhoh analetlae | ed

view of part the arrangenent of Fig. 6a; Fig. 7 shows a | ocal servo | oop
for controllingused in the present invention;

Figs. 3a and 3b illustrate a first fotary dashpot.

which may be used in the presenf invention, Fig. 3a
10 ,being'a sectional view and Fig. 3b being a detail of
the dashpot mechanism; .

Figs. - 4a and_ 4b illustrate a second rotary
dashpot which may be used in the present invention,
Fig. 4a representing a sectioﬁal vieﬁ and Fig. 4b

15 illustrating a detail of the dashpot mechanism;

Fig. 5 illustrates an arrangement using a spriﬁg
for applying a the torque to the shaft 6f the main air
bearing in an embodifnent of the present invention,
together with a means for monitoering the rotation of

20 the end of the sprihg remote from the shaft;

Figs. 6a and 6b illustrate another arrangement
using a spring for applying a torque to the shaft of
the main air.bearing in the embodiment of the present
invention,. together with a means for monitoring the

25 sfrain on the spring, Fig. 6a being a perspective view
of the arrangement and Fig. 6b being a detailed view

of part the arrangement of Fig. 6a;

Fig. 7 shows a local servo loop for controlling



21 the notor arrangenent of Fig. 5 or Figs 6a/6b of the first enbodi ment of
the present invention; Figs. 8a and 8b illustrate a capacitive

el ectrical sensing device for use in the enbodi nent of 5 the present

i nvention, Fig. 8a being a sectional view and Fig. 8b being an expl oded
view of the disks of Fig. 8a; Fig. 9 is a2i ock diagramof an electrical
circuit for processing the output of the sensing 10 device of Figs. 8a and
8b; Fig. 10 showshe heotvar i atrangefehheobuFpgt perot Figs 6446bi ofutheof
Fig. 9; Fig. 11 shows a differentiating circuit for generating a further
out put - vol t age ffbﬁ$?h@m69@pmeﬂk5°élFbﬂlPrGFePtglngenFPQn 12 shows a servo

anplifier for use in the present invention; 13 shows the servo system
for the disk recordi nE)lS?stelﬁaof ‘F‘Pﬁ £b analéestrate Fiy. €8PeRékive

mul tiplying dISCF* Qato 1 used in the servo system of Fig
Detailed descri pErBR-F G ls???hggr%ﬁ%%c? Ohets A efrpreigent 8Fsk

Grek 1 19 supportha BReRlrETRRGRRERbNC riR, &3 BRERGTh RNRILNEL cRo ?Eeé

That shaft is thg,hnpey, e'@émﬂ%l% %ﬁtelgﬁﬁféﬁé‘d bgAEL"NG 4 ¥ 88sRE of

extensi on of the I nner el enen
: Fig. 8a:;

Fig. 9 is a block diagram of an electrical
circuit for processing the output of. the sensing
10 device of Figs. 8a and 8b;
Fig. 10 shows the variation of the'output V, from
thé circuit of Fig. 9;
Fig. 11 shows a differentiating circuit for
generating a further output voltage from the output
15 circuit of Fig. 9;
Fig. 12 shows.a servo amplifier for use in the
present invention;
Fig. 13 shows the servo- system for the disk
recording system of Fig. 1; and
20 Fig. 14 shows a multiplying discriminator which
may be used in the servo system bf Fig; 13.

Detailed description

Fig. 1 illustrates the general structure of a

disk recording system being an embodiment of the

25 present invention. A master disk 1 is supported on a
turntable 2 which.in turn is mounted on a shaft 3.
That shaft is the inner eiement of a turntable bearing

4 (or is an extension of the inner element). The



22 turntable bearing 4, which carries the turntable 2, is nounted on a.
bracket 5 held by arns 6,7 which arnms 6,7 are supported by the shaft 8 of a
mai n bearing 9. The turntable bearing 4 and the main bearing 9 are, in 5
this enbodinent, rotary air bearings, and their axes are vertical.
Furthernore, a recording head 10 is nounted so as to be |ocated above the
turntable 2 -and-hence above the disk 1. In this enbodi nent, the recording
head 10 10 is fixed, and the relative n#%4on in the horizontal plane of .
the disk 1 and recording head 10 is achieved by rotation of the turntable 2
and rmovenment of tPHQtQPPrg Bearinpged, GrRIFR FIFTIER ThE umRle fhods shaft

3, 15 is governed by the turntable beari 4. and t venent of the arns
6,7 on the shaf Pogn%é?ngf/‘e?n%ﬁa%{(/eF h%ahn%#lgl %aaﬁ“hsg %‘37 r'T'Eh%ecrﬁairar:f:é“sﬁ ,6?h’ar e

positioned so t di,ng | Lcfol - peg.,pat h
relative to t hegg%i %t]g]p E)t‘} %%Bt BPangﬁgh%gg\rA? nég);f 46,9 @%%%ﬁ%r%et \?\P/e){;en t he

centre and the ReLRRENE WBedPBlgdusknh dRE mALA! IK¥RMIng he byntagle 2 on
the shaft 3 is driven by a first  notor 11, and the novenent of the arnms 6,7

on the shaft 58 aig drdmtiaiRerit SeEOFE V04 0F BBaridgs, and Rheildidxes
enbodi nent , bot h not or s are electronically comutated notors with
per manent - magnetareotu@rxiddle, rotors are nounted directly on the shafts 3,8
so that no separate bearings are required.

Furthermore, a recording head 10 is mounted so as
to be located abéve the turﬁtable 2 and hence above
the disk 1. In this embodiment, the recording head 10

10 is fixed, and the relative motion in the horizontal
plane of the disk 1 and recording head 10 is achieved
by rotation of the turntable 2 and movement of the
arms 6,7.

The rotation of the turntable 2, about shaft 3,

15 is governed by the turntable bearing -4, and the
movement of the arms 6,7 on the shaft 8 is governed by
the main bearing 9. The arms 6,7 are positioned so
that the recording head.lo will follow an arc-shaped:
path relative to the axis of the turntable bearing 4,

20 extending between the centre and the periphery of that
disk 1.

The rotation of the turntable 2 on the shaft 3 is
driven by a first motor 11, and the movement of the
arms 6,7 on the shaft 8 are driven by a second motor

25 12. In this embodiment, both motors afé
electronically'coﬁmutated.motbrs‘nith permanent-magnet
rotors; the rotors are mounted directly on the shafts

3,8 so that no separate bearings are required.



23 Also mpunted on the shaft 3 is a slotted strobe 13, the rotation of
which is sensed by an optical sensor 14. The sensor 14 generates two-
out puts which are square-wave signals in a quadrature rel ationship. 5
These outputs are wused in a servo system for controlling the
rotation speed of the turntable 2. The ®8in bearing 9 is supported by a
vertical bracket 15 which in turn is supported fromthe underside of a
hori zontal nounti ndyficamourstes @n 1thepshakst 311s avsidedbrsErRbpper
side of nounting plate 16 is a danper unit 18 which will be described in

more detail |dter. thesFaiiomy bovdish wishSRNERE &ohcae-IRpHRL el enent
doscribed 15 S9nartk ddre: e snate AL ettt o iR R A the
P e S50 S G el e
Fro. 2 Such SREhpor ot he Brovi daa% n'Phe teaseimer STHErs o near |
motion, for eI tnd i FeaLbh SB8EaNEEI EndSedrnR¥pliBEUSE Of a

piston noving in a 25 fluid-filled cylinder. It is inportant in the
present invention tiké mbhinf Weddiog be awoiglgshotted ebor @ avepbyeali onal

seal cannot be used to prevent |eakage of fluid around the shaft of the
pi ston, and i rnstacketi fl5 which in turn is supported from the
underside of a horizontal mounting plate 16 by a
10 bracket 17. Mounted on the upper side of mounting
plate 16 is a damper .unit 18 which will be deécribed
in more detail later. Also mounted above or within
the concave-topped element 33 from a bracket 19a is a
position sensing uhit 19 which will also be described
15 in more detail later.

As has previously,been'mentioned, the present
invention requires that the relative movement of the
head and the turntable bearing be damped. In an
embodiment where this relative motion is linear, this

20 may be achieved by a linear dashpot, such as shown in
Fig. 2.

Such a dashpot may be provided in the case whére
there is linear motion, for example where a linear air
bearing is used, by the use of a piston moving in a

25 fluid-f;lled'cylinder. It is important in the present
invention that all friction be avoided:; therefore a
conventional seal cannot be used to prevent leakage of

fluid around the shaft of the piston, and instead (if



24 the nmotion is to be horizontal) an arrangenent corresponding to
that of* Fig. 2 is best wused, incorporating shrouding neans to prevent
dust” fromfalling into the fluid. 5 Thus, Fig. 2 shows that a piston
20 is mounted in a container 21, which container 21 is filled with viscous
fluid 22. The piston has a .bracket 23 which extends out of the container 21
and is fixed to the object whose novenenj,is to be danped. The dust cover
10 24 is fixed to the bracket, covering the opening 25 in.the container

t hrough which ¢he braekeh 23sexigndse taoB&%%%&hlBheJAHNQ¥§%4§eAEE%-
Preferably, however, the dashpot used in the present Tnventiomis a rotary

one, and is usedrrespbnd@ngectbontiath afr otFdlgy. aid Rearigyky tiedxis of
which is vertical. Fig. 3a shows the construction of a dashpot which
consi sts of iniacorperdtihgn simmiding | medings 8a, prewdstit!! austoustdmg 30
supports a 20 fixed danping el enent 31. The fixed danping el enent 31
surrounds a sh&®ll3ng(dhitehthey fdugd.correspond to shaft 8 in Fig. 1 so
that the dagshpot corresponds to the danper unit 18 of Fig. 1) and a noving
danpi ng el efent 33 F§Uﬁrx€agtoztﬁa?W§th?t Fheisteed2@ahpi nounrtedl tnent 31
menber. 34, which is pressed

S astured 1o AheRtog 0, DhB Sl ping JEsber, 34 el o BiERTS
vanes viscous fluid 22. The piston has a bracket 23 which
extends cut of the éontainer 21 and is fixed to the
object whose movement is to be damped.' The duét'cover
10 24 is fixed to the bracket, covering the opening 25 in
the container through which the bracket 23 extends, to
prevent the ingress of dust.
Preferably, however, the dashpot used in the
present invention is a rotary one, and is used in
15 connection with a rotary air bearing, the axis of
which is vertical. |
Fig. 3a shows the construction of a dashpot which
consists of inteileaved thin annulae.
In Fig. 3a, an annular mounting 30 supports a
20 fiked.dampihg element 31. The fixed damping element
31 surrounds a shaft 32 (which may e.g. correspond to
shaft 8 in Fig. 1 so that the dashpot corresponds to
the damper unit 18 of Fig. 1) and a moving damping
element 33 is fixed to that shaft. The fixed damping
25 element 31 is secﬁred to the mounting 30 by a clamping
member 34, which is pressed down by springs (not

shown).

As shown in more detail in Fig. 3b static vanes



25 35 are provided in the fixed danping elenent 31, which are interleaved
w th foving vanes 36 secured to the noving danping el enent 33. A viscous
fluid 37 fills the resulting dashpot. 5 Figs. 4a and 4b illustrate an
al ternative dashpot arrangenent, having interleaved concentric cylindrical
sections.” Conponents of Fig. 4a and 4b c®bresponding to those of Fig. 3a
and 3b are indicated by the sane reference nunerals. As can be seen from
Fig. 4b, 10 hd@kewrae proyddesk ip ghecfikpdrdenpingcetenpat 3B, vihich

vertical, as are the novjng vanes 39. Again, if thi% dasngpt is used in the
enbodi nent of BRE INteRkedyed Wash JWVaRg sGRER $0 SREVIRS (tB Ret hat

he dash f th [t 18 .Th [ i G f
Fros “an and amavany SaiFGe ehemen; 43, | Ay FRR AN G FRER O The
novabl e el enenta}%i%sqli/@{x;écﬂ lqli'écgg_ction and because it is easier to fill

W

the structure _ urd wthou ausi ng bubbl es. Radial gaps may be |eft
at 20 intery/al's in Phes Seda And Ul ‘ﬂ%&hﬁ%ka%%cﬁhoaftefﬁaﬁigérdéQhﬁJ:JcOW the

fluid to distribute 1tself evenly. very high viscosity is required to

contral the Veré&:z%ri%ézﬁ&@@ﬂ%éifiﬂ@&h%ﬂ%%ieﬂeéoﬁ@énﬁiﬁp&?liﬂdfﬂ&ﬁﬁct di sk
recording, but suitable fluids are readily 25 .obtainable, tfor exanple the

fluids sold undssctiwndr ancompoRentslysf skighyaBrand sdb Setresponaihgd. - and

available in a range of viscosities. In order to fill the structure with

fluid, the viscositlyosé ofieFigui 3a and 3b are indicated by the same
reference numerals. As can be seen from Fig. 4b,

10 however, the static cylindrical sections 38 are
vertical, és are the moving vanes 39. Again, if this
dashpot is used in the embodiment of Fig. 1, the shaft
32 may correspond to the shaft 8 so that the dashpot
forms the damper unit 18.

15 The cylindrical geometry: of Figs. 4a and 4b is
preferred because is allows freedom of adjustment of
the movable elements in a vertical direction and
because it is easier to fill the structure with fluid
without causing bubbles. Radial gaps may'be left at

20 intervals in one. set of cylindrical sections, in order
to allow the fluid to distribute itself evenly. A
very high viscosity is required fo control'thé very
slow speeds of motion required for examplé in compact
disk recording, but suitable fluids are readily

25 obfainable, for exgmple the fluids .sold under <the

| brand name "Hyvis" by British Petroleum Ltd. and
available in a range of viscosities. 1In order to fill

the structure with fluid, the viscosity of the fluid



26 may be reduced by heating it. A further feature of the use of a rotary
bearing in conjunction with a rotary dashpot according to this enbodi nent
of the present invention is that rapid changes to the 5 position of the
novabl e el enents may be effected by raising the clanp 34 to free the entire
dashpot. assenbly so that the outer dashpot elenent 31 rotates withinits
nmounti ngs 30. The driving force to prod%ge the relative notion 10 of
noving and fixed parts may, as stated above, be generated by a direct-drive

el ectric not OhaySiHy FdBudEYi BY- 68kkinEDVIt]- NRIZG NI ULd QO of
hysteresi s principles. In accordancé wth the principles expressed

above the not themusse noff. conroithuye oy g f Hinc tdemj tRcthenr eliald ve noti on;
this is readily achieved if the noving part of the notor has no bearings of
its own but i Fohaoyt edashpett lbgcording shaf tth sof embedineaty off r theari ng.

I f commutation of the drive current is required (as in conventional 20

movi ng- coi | dPFes@sttor hvendian siultthale gesridt echehgesr obbcakhg by any
of a variety of known neans, rather than by mechanical sw tching.

Al ternati v8l y PAsiHian REnthgAevakls ipkerentserey: e reEtested byr que on

t he novi ng system.by 25 neans of pring,_ for exanple a coil spring whose
further end i §a§z§€d{%d%hﬁor029.§‘ﬁp?g t‘(')‘.’t HESut e s PR X6 Qaﬁg@&’é’t i on
02l 0%, o' AW do Undl e 'Sl VERsRYoR SPENEAL' 890 clael O It

within its mountings 30. . o

The driving force to produce the relative motion

10 of moving and fixed parts may, as stated above, be
generated by a direct-drive electric motor using the
moving-coil, moving-magnet, induction or hysteresis
principies; In accqrdance with the  principles
expressed above the motor must not contribute any

15 friction to the relative motion; this is readily
achieved if the moving part of the motor has no
bearings of its own but is mounted directly on the
shaft 8 of the rotary air bearing. If commutation of

the drive current is required (as in conventional

20 moving-coil d.c. motors) then it shéuld be generated
electronically by any of a variety of Kknown means,
rather than by'mechaniéél switching.

Alternatively, it has been found possible to
exert the neceééary torque on the moving system by

25

means of a spring, for example a coil spring whose
further end is secured, for example, to the output
shaft of a reduction gearbox, the input shaft of which

is driven by .a conventional d.c motor. It is apparent



27 that even if the said output shaft is held in a fixed position, the
spring will exert a torque which changes only slowy as the noving parts of
the*air bearing and danper assenbly rotate; thus it is in the nature of 5
this arrangenent to produce a substantially constant relative notion by
purely .passive neans, and any adjustnent2y to the speed of relative notion
can be perfornmed by driving the gearbox in a relatively crude manner. 10

" Thus, Fig. 5 stioas ¢t ifietb@asaid ohtpht shafitbkarhaddOinnaFEgxed i s
connected to a spring 40, which in turn is connected to the output shaft 41
of a gearbox 42osimien, g‘élaq'ﬁ BRRT 429 ot @xenthe $Reahue4vhighachangess3. It
is found advantageous to place the 15 notor/gearbox assenbly in an inner
servo | oop haw‘thaer%‘vhm%Wh%m‘fl%m af hhe aif HegEingoaRtke this

possi bl e, the €haft 41 al so _extends to ghrotary potenté
e

t 44. Th th
out put si gnal %’P??roF‘SFﬁg‘ &t SRR PP &6 ASs gdh gggng%}érﬁo?f‘t :Jgn ofe
the 20 shaft 41 Fi

which the s raln |na?ﬁg FF%% b|I%égﬁégéﬁsggbngg£ngiivec%;r&@g&ﬂent o

In or e | nner

| f 5 2
servo | 0op. Coppenents 6EPoﬁ°rt§n§ESn§Qx%l§o Fggéﬁvg nﬁégnﬁe il 2% has a

I ndi cat ed by t e sane reference rals

flat” section, - ggguathbhdish RUgRe4Gdeed ! Qaltak&%aonuo&oﬁ Scﬁho“hﬁa in more
detail in Fig. 6 the strain gauge is connected via flexible

performed by driving the gearbox in a relatively crude
.manner.

10 Thus, Fig. 5 shows that the shaft 8 of the main
bearing 9 in Fig. 1 is connected to a spring 40, which
in turn is connected to the output shaft 41 of a
gearbox 42, which gearbox 42 connects the shaft 41 to
a motor 43. It is found advantageous to place the

15 motor/gearbox assembly in an inner servo loop having
a relatively short response time. In order to make
this possible, the shaft 41 also extends to a rotary
potentiometer 44. Thus, the qutput signal V, of the
potentiometer 44 corresponds to the position of the

20 shaft 41.

Figs. 6a and 6b illustrate an alternative
arrangement, in which the strain in the spring itself
is sensed 311 order to drive the inner servo loop.
Components which correspond to those of Fig. 5 are

- 25 indicated by the same reference numerals. In Fig. 6a,
the spring 45 has a flat section, aﬁd a strain gauge
46 is mounted thereon. As is shown in more detail in

Fig. 6b, the strain gauge is connected via flexible



28 connections 47 to an output anplifier 48, which generates an out put
signal [serr]. Fig. 7 shows the inner servo |loop referred to above. In Fig.
7, the gearbox shaft position sensor 5 (fromFig. 5) or the spring torque
sensor (fromFigs. 6a and 6b) is shown at 50. The output signal [err] from
this sensor is fed to a differential anpljfier 51. That differential
anplifier 51 also receives a control volf%be [err] and generates an out put

52 which drives_the 10. gearhox nnotor 43. . Thus this j.nner ,servo.l.oop
causes the sens%?mbetﬁf)’u?’g erﬁ) 8 £ A oR TR o AR B ad 'VQ.Wh'T'ﬁg‘ si gnal

VQ i s gener at es%é}y is\?]{élétggfoég ye EQQRaﬁ.""Qi ch will be discussed in nore
I C e,

detail |ater) as a sl ow respon soPthat the position of the 15

gear box out put shafty;@nd7hedies,d henkborsiy | Belkhs IRWdNIr8bdrhgaced he
speed of notion of the novable elenents (nanely the nmain air bearing rotor,

t he novabl e parébé¥et hergashigat BNkHdegePRPbLL ehhtnpaklie ibearddisor
assenbly), is controlled by conparing an 20 external control voltage

. [err] with % ybrdageigl ebn] orephesepirdngyeoriquehasesmead (FfrovwtHigs and
obtained from position sensing nmeans for exanple as descri bed bel ow.

Turni ng now to 6aeandabd Jofisestxivy aheSPesMheoptduwl signabveblfrgmrt s,
which may formthe sensor unit 19 in Fig. 1, it is proposed that a

capacitive el ecthigalsengns n§sd&@dcet? sprbhvdiirprkiah prgligdeanPBn. In
the arrangenent illustrated, the shaft 8 : .
That differential amplifier 51 also receives a control
voltage V, and génerates an output 52 which drives the
10 gearbox motor 43. Thus this inner servo loop causes
the sensor output V, to follow the control voltage V,.
The signal Vb:is generated by a further servo loop
" (which will be discqssed in more detail later) which
has a slow response, so that the position of thé
15 gearbox output shaf£, and hence the torsion in the
spring and hehce the speéd of motion of the movable
elements (namely the main .air bearing rotor, the
movable part of the dashpot and the complete turntable
beéring assembly), 'is controlled by comparing an
20 external control wvoltage V., with a voltage V,
representative of the speed 6f motion and obtained
from position sensing means for example as described
below. .
Turning now to the means of sensing the position
25 of the movable parts, which may form the sensor unit |
19 in Fig. 1, it 1is proposed that a capacitive
electricallsénsing device is provided as in fig. 8a

and, 8b. In the arrangement illustrated, the shaft 8



29 of the sain bearing 9 carries an insulating disk- shaped rotor 60.

This rotor carries on both its surfaces conducting sectors 61 occupying

part of each

surface. This rotor is nmounted between insulating plates -

62,63 attached to the fixed framework, each of which carries on its
I nwar d-faci ng surface conducting sector? (AB) separated by narrow gaps.

nunber of such sectors depends on the a

ul ar range of rotation which it

desired to sensg Pyt bgigh%e%&ggﬁgegfg%g;qe%Llgﬁtgg&ggﬁﬁgg{ @i sk ei ght

sectors allow ng a maxi num novene

e rotor

arries on each

The
'S

face four sectodtagel £y s8bt endirRds4Srdtot heagelldse SR il L ¥sspaced

apart so that the spaces between them al so subtend 45.

The conducti ng

sectors 61 on tdurfhzeWeohaaeting s8etb0E06168caupyahyopadtt ogeeélen and are
all electrically connected to a conducting cylinder 65 and a fl exi bl el ead
64. The conduchinfgceect oTsisomrctioe ti®m mboxatdepl detsedshy 63nankaglingned in
opposite- facing pairs which are electrically connected, and in 20
addition altermates 628¢68r etteghedath thkaféxedr éremewbrkcakhghcofinect ed,

so that there are in all two sets of alternate sectors (A and B) each
sharing a commoihigheeprrégs epnisst invavd-facingosurifageprandycting3. 25

Alternative

but functionally equivalent nethods O construction w |l

of

course be apparSHtors (feoBd SRPPAFRECHNPY RALFPYW 93RS exdff &U®SOPH e t her
the fixed conducting sectors, or .the . ng_ones
such %ec% de he"d

20

25

ors pends oOn ngular %ran%%t %’f rotation
which it is desired to sense, but in the arrangement
illustrated there are eight sectors allowing a maximum
movement of 45°. The rotor 60 carries on each face
four sectors 61, each subtending 45° at the centre and

equally spaced apart so that the spaces between them

- also subtend 45°. The conducting sectors 61 on the

two faces of the rotor 60 are aligned together and are
all electrically-connecteq to a conducting cylinder 65
and a flexible, lead 64. The conducting sectors on
the two fixed plates 62,63 are aligned in opposite-
facing pairs which are electrically connected, and in
addition alternate sectors on each plate are
electrically connected, so that there are in all two
sets of alternate sectors (A and B) each sharing a
common electrical connection on the two fixed plates
62,63.

Alternative, but functionally équivalent methods
of construction will of course be apparent to fhose
skilled in the art, for example to form either the

fixed ccr.ducting sectors, or the moving ones, or both,



30 fromnetallic material in ways other than by form ng themon the surface
of an insulating material, and in particular for all the noving sectors to
form one sel f-supporting piece of netal. 5 Then equal and opposite
alternating electrical voltages [err]. and [err] are applied to the two sets
of ,fixed sectors. Preferably, these voltages are square waves of anplitude
for exanple 30 volts peak-to-peak. As a result of capacitance between the
conducting 10 sexdmrsetallbe matering dinslkayd anthdéihetlsast bys formiihg fi xed
pl ates 62,63, an alternating voltage appears on the conducting sectors on

t he di sk 60, ofthencnriheisurfaceof han bhsuhatiopt agserappl.i endt dnt he
sectors of the fixed plates 62,63 and of magni tude and phase 15 depending
on the azinutPRItigwka¥| &P ofllt Hde sSBPYIRENRRFIFTIRS sdet of_rmn onee
rotating disk 60 jn relation to the sectors on the fixed plates 62,63.

Thi s voltage neSehe PUPPRFEINEaRECERt PonTRt P Lanpl i fied) by, for exanple, an
operational anplifief, of | ow gain and 20 I gh_j pput | ppedance, connected
by the erxi%I e Iead'ji‘%ﬁr,1 SHF rmgt REPOTIHE t%iggﬁﬂatgg eﬁgieﬁ% ect or

nput 15 the wetg bPOREDlihed e ek SYPPREA, kL A PHBCEAE HANT

. S .
e fixed sec S shown in

Fig. 9. 25 Fro &aia.ssaeaa%s%enf»&&kg%a%qg;cttge& dzocltéq%%hgﬁéeg daolifét e

obt ai ned, whi ¢ is representative, he orienta err
moving sectors {ghaki ¥¢ bRplheubex¢drSewehfple 30 volts peak-to-peak.

As a result of capacitance between the conducting
10 sectors on the rotating disk 60 and the sectors on the
fixed plates 62;63, an alternating voltage appears on
the conducting sectors on thé disk 60, of waveform
similar to that of the voltages applied to the sectors
of the fixed plates 62,63 and of magnitude and phase
15 depending on the -azimuthal position of the said
conductihg sectors on the rotating disk 60 in relation
to the sectors on the fixed plates 62,63. This
-
voltage may be buffered (and optionally amplified) by, -
for example, an operational amplifier of low gain and
20 high input impedaﬁce, connected by the flexible lead
64, and forms the input to a phase-sensitive detector
(essentially a multiplier followed by a loﬁ—pass
filter) whose reference input is the waveform appliea
to one set of the fixed sectors as showﬁ in Fig. 9.
25 From this phase-sensitive detector a d.c. output Ve,
is, _obtained, which is representative of the

orientation (e) of - the moving sectors relative to the

fixed sectors.



311t may readily be shown that the d.c. voltage [err] is substantially
proportional to [err] CA + CB 5 where [err] and [err] are the capacitances
bet ween t he novabl e sectors and one or other set of fixed sectors
respectively. If the disk and the fixed plates are flat and parallel at
all-times then these capacitances are in 3urn proportional to the areas of
overlap 10 between the novable sectors and the respective fixed sectors.
I f the sectors have Etreavarepdddy ded shawsy wifesthe n@nct headtageay, are

| i near functions of the azinuthal angle jerﬁé, and [err] + [err] is a
constant. It cabStfehstpetisddy poeportiQnaly %0 voltage [err] is a 15
substantially linear function of .[err], except near the points ([err] and

[err] at which the rotating seﬁ?e?sgwre aligned with one or other set of
fixed sectors. Fig. 10 shows tha aeﬁendence of [err] on [err] for the case

where the segtor bt end aj. t centre. ' I ts metrjca
constructi on,g tﬁgegéns@hga e%vi E::é rol'(ri‘rﬁ:i %%'.e Sg%gqgégf%‘st oﬁgFg'%%ng the
si tuati ons wher ot.ar ' t I | di.st Rt alle
to, the fixed p gﬁlggl%Z%%g.t@%ée% yotrﬁgf(?é o%%ﬁ%n%gng?ngiggg} %géﬁgggbe 25

modi fied in a nyghgactiiways. obyroune @idlosandkichkedied hs1atds Eok
exanpl e, the nunber of sectors may be increased so as to subtend | ess than

45[err]; the semlialy wndyparadldihat atle eimekaspenoth¥sewchpatetbhceiss t hen
i ncreased but the |linear working range [err].

are in turn proportional to the areas of overlap

10 between the_movable sectors aqd the respective fixed
sectors. If the sectors have circular'inner and outer
edges, then these areas are linear functions of the
azimuthal angle 0, and C, + C; is a constant. It can
then be seen that the d.c. voltage V, is a

15 substantially linear function of 6, except near the
points (6, and 6,;) at which the rotating sectors are
aligned with one or other set of fixed sectors. Fig.
10 shows the dependence of V, on © for the case where
the sectors subtend 45° at the centre. Owing to its

20 symmefrical construction, the sensing device of Figs.
8a aAa 8b is tolerant of situations where the rotor 60
is not exactly equidistant from, or parallel to, the

fixed plates 62,63.

Clearly this rotation sensing device may be
25 modified in a number of ways obvious to those skilled
in the art. For example, the number of sectors may be
increased so as to subtend 1less than 45°; the

sensitivity, i.e. the rate of change of V, with 8, is

then increased but the linear working range (86,-6,)



32 becones |l ess. When this rotation sensing neans is applied to the

enbodi meAt of the invention shown in Fig. 1 so as to neasure the azinuthal
position of the swinging 5 turntable bearing assenbly in its arclike -
notion, it may be objected that, although the voltage [err] is a
substantially linear function of e, it is not thereby a linear function of
t he di stance of the recording head fromthe centre of the master disk. The
latter 10 distance may be expressed as [errpy sin [err] where [err] is the
radius of the notion of the turntable bearing assenbly on its swinging arm
and [err] is the wisboemes Lfess] when the recording head lies over the 15
centre of the master disk (assumng that the systemis aligned so that
there is such a positioWhenattisi rdtatrion ssewsingl means fimcappbied &o
However, a geonetry 20 may be chosen for which the linearity is adequately
good for the presebhepempodimentroéxthgl énvehtRper shown2@6 Frigand sb es
desired to record conpact disks with a radius of 60 mm then [err] = 17
maxi mum and at thFQ MEASHER e¥b8r SBHMUERaY opogddijan r P£dithHer swipgdmioy
0.4% 25 fromthe val ue I'Eea |y extrapol ated fromsmall values of [err]. A
correction for hiEuﬁ?FB# fra 9%5199d€S§F€$9ﬁbﬂFba&¢§ aFchikeseatyon, nit

general it wll be found desirabl ositiqn the rotati sensj ng, neans

such that a zero V%?%eq% 5%3ec€é§ %Ra%, aléhoug tge vé%%age b, 1; a
substantially linear function of 6, it is not thereby
a linear function of the distance of the recording

head from the centre of the master disk. The latter

10 distance may be expressed as 2R, sin (e—e }
. _ 5

where R, is the radius of the motion of the turntable
bearing assembly on its swinging arm and 6, is the
value of 6 when the recording head 1ies“over the
15 centre of the master disk (assumin§ that the system is
aligned so that there is such a position), and

sin (e-eo)
2

is not a linear function of 6.' However, a geometry
20 may be chosen for which the linearity is adequately
'good for the present purpose. For example, if R. = 200
mm ahd it is desired to record compact disk; with a
radius of 60 mm, then (6-6,) = 17° maximum, and at this
maximum excursion.tﬁé voltage V, differs by only 0.4%
25 from the value linearly extrapolated from small values

o

of (6-8,). A correction for this error may be made
electronically if necessary.
In general it will be found desirable to position

the rotation sensing means such that a zero value of



33 [err] does not correspond to-zero recorded radius (i.e. the position )
where thé recording head lies. directly over the axis of the turntable). A
vol tage VR whi ch does so correspond may be obtained by adding a 5 suitably
chosen fixed reference voltage [err] as shown in Fig. 9. It is found

experimental ly that a very good signal-t@3noise ratio nmay be obtained with
this arrangenent, and in particular that it is possible to 10 obtain

el ectronical | y &y seeenchautporrespoagde tperejrofraeserdedderdbeel {i-e.
representative of the rate of change of V8 (in other words, representative
of the speed ofthexdp@pifdenomhesR othe hEeF@é‘Qllagnd‘er?éladl+%$-afiFgch&Ydt 15
the master disk) to be used in a servo |loop to control the r

[ .notion.
The second out RYeXothage*is Af die verghtaR iy byAaVEilftfagreeﬁgz g’#ﬁ’%& on

circuit as shown in Fi

. 11. As di d.ab ' [ it ' ,
there is a snmal#O%8di -a%%ﬁ%%ﬂ?rl‘ (r:lrj'{és)%?l rPaT g\reﬁiéa(r%'orgﬁo&ng(ifc%l ?"@W g8

geonetry
of the swinging armijn t enbodi of . Fl Yy Y, _bey garrected
el ect roni cal$y S‘i’?’@ﬁéggsg}}%@#hﬁ%ﬁ e%%ﬁ%ig%%%ﬁg beha %lrjnra 8¥*Fhis circuit
is primarily de 1.N [egr] and [err]. The optional 25 conponents.
R2 and C2 each %@?Q@ ?g P%ﬁit©the hi gh- frequency response of the circuit

by introducing first@rdeg | QYRS exRsIMssaMy htha® eonséapt gdedr] and
[err] thus reducing the high frequency noi se which
signal-to-noise ratio may be obtained with this
arrangement, and in particular that it is possible to
10 obtain electronically a second output voltage V., which
is adequately representative of the rate of change of
V, (in other words, representative of the speed of
radial motion, d_R of the recording head relative to
dt
15 the master disk) to be used in a servo loop to con1;rol
the radial motion. The second output voltage Vs may be
obtained by a differentiating circuit és shown in Fig.
11. As discussed above in connection with V,, there is
a small radius-dependent error in V, (owing to the
20 geometry of the swinging arm in the embodiment of Fig
1), which may be corrected electronically if
necessary.
The differentiating behaviour of this circuit is
primarily determined by C;, and R,. The optional
25 components, R, and C, each serve to limit the high-
frequency response of the circuit by introducing
first-order low-pass responses with time const‘:ants R,C,

and R,C,, thus reducing the high frequency noise which



34 appears in the output. It has been found possible to control the said
‘'speed of *radial notion in a systemfor recording conpact disks in the
manner herein described, notw thstanding that the said speed is only 5 of
the order of a few mcrons per second. Fig. 12 shows the structure of a
sui-t abl e servo anplifier for controlling the speed of the radial notion.
The voltage Vs representative of the speed of radial notion is conpared
with a control voltage [err] 10 -repreé%%tative of the desired speed,

and the diff 2r 1 o] e input _to,an anplifjer. The oytput VQ of
Thi's anpli {1 ciPERaEslEAT tnb bRk Rs, | PR hal®pBES FouAd Bopaihie i

control1ing t88ntebIURhPAARS dfeda’ GEAMACA IR0 24R! ¢ dARAG DY a 15

dashpot, for exanple by a direct-drive electric notor or alternatively by

rotating the ese epscofdangOidonpidg dahaes akheknandnisnétt aplidijo the

novabl e el enent.. The action of the servo systemis such as to tend to

mai ntai n [ errflesqgudbetio hetwlithsthadiagyehamplhbi 88id0speBaWsichiy 9. 12
has an integrating response, and by adjusting the values of the resistors r
and t he capacpfothe virdesvefald fiess pdusmrs meofseébender vo system may be
set to a suitable value, for exanple 5 to 10 seconds, such a val ue being
found to be a goodFiS-cdidrdmwe the wetnuatborgofesposisictabe sexsdng t he
systemto be too_slowin_settling down and a short response tine all owi ng

t 0o nuch noi s@™PdhiETe FOFatlSVHEINSHI t $he FREPEsRE &heo ¥@izhdi al

motion. The voltage V; representative of the speed of
radial motion is compared with a control voltage V.

10 representative of the desired speed, and the
difference (V,-V.) forms the input to an amplifier.
The output V, of this amplifier controls the speed of

. radial motion, for example by controlling the torque
applied to a rotary bearing system damped by a

15 dashpot, for example by a direct-drive electric motor
or alternativelyAby rotating the one end of a coil
spring whose other end is attached to the movable
element. The action of the servo system is such as to
tend to maintain V, equal to V.. The servo amplifier

20 shown in Fig. 12 has.ah integrating response, and by
adjusting the values of the resistors r and the
capacitor C the overall response time of the sServo
system may be set to a suitable value, for example 5

to 10 seconds, such a value being found to be a good

25 compromise between a long response time causing thé
system to be too slow in settling down and a short
response time allog}ng poo much noise from the

rotation sensor to be impressed onto the radial



35 motion. Fig. 13 shows a servo systemfor controlling the disk recording
systemof Fig. 1. In Fig.. 13, a radius sensor 108 generates both a radius
voltage [err] and a 5 radial velocity voltage [err]. The sensor 108 thus
may operate on the basis of information fromthe position sensing unit 19
of, Fig. 1 which has been discussed in detail wth reference to Figs. 8, 9,
10 and 11. In a sinmilar way, the rotati o®3of the turntable 2 in Fig. 10 1
is nmonitored by the turntable strobe 13 and sensor 14, which generates a

pul se train si fPHCMH2 (ideally a square wave) representative of [err] and
a del ayed pulse tra

in si | .104. These signals 102,104 are. bot assed
to two nultiplying c}:i[}s%'r %rgfrﬁﬂcﬁ’?ss alﬁfrlvfz.syé:eenﬁfoxf iq%tﬁ‘?a@c"\"?% or 110
al so. receives g4 ' vol f a i . VR.fromthe radius_s or 108.
rom VR andt 4 pER A A Al b8 g 1 DB EEgT 8] S S e s o
voltage [err] | 4 S1980 ' rgl Q%%% [rrd.d s
conpared with \z,igarrg‘berence \E/’%f’thggga e_trﬂra]t[hgoEI fg%?gée&?g'ti e o‘?“t r:ad d%si red

linear vel 0gj t radidhev&EDHREEY SPH1LEgEAVL | edTREt sBhsdrSaow @nps | hagr 111,
and this generates an output acting as the DC drive to the notor 11 which

rotates the turseddie on |tha sdslid a3f Viaysodnieet Soxs ofcorli B¢ | poeatodnl1l2 25
receives the signals fromthe sensor 14, and also a reference voltage 113.

The di scri m natsendii®y iwnis el taf dekg v el fwhuich Has dhaepud sectisaed anvol t age
[err] proportional to [err] alone, which is conpared with the

' detail with reference to Figs. 8, 9, 10 and 11. 1In a
similar way, the rotation of the turntable 2 in Fig.
10 1 is monitored by the turntable strobe 13 and sensor
14, which genérates a pulse train signal 102 (ideally
a square wave) representative of w and a-delayed pulse
train signal 104. These signals 102,104 are both
passed to two multiﬁlying discriminators 110,112. The
15 first discriminator 110 also receives the radius
voltage signal V, from'the radius sensor 108. From V,
and the signals 102; 104, the discriminator. 110
generates a voltage V, which is proportional to V..
That voltage‘vlis compa:ed with a reference voltage V,

20 representative of the desired linear velocity. The .
comparison is carried out by-a éervo amplifier 111,
and this generates an output actihg as the DC drive.to

the motor 11 which rotates the turntable 2.

.In a similar way, the second discriminator 112
25 receives the signals from the sensor 14, and also a
reference voltage 113. The discriminator 112 is used
to derive- from the said pulse train a voltage Ve

proportional to ®w alone, which is compared with the



36 voltage [err] which is representative of and substantially proportional
to dR dt *The difference between the voltages [err] and [err] drives a 5
servo anplifier 114 whose output causes radial notion. Thus the action of
this second servo loop is such as to tend to hold [err] equal to [err]. If
the sensitivity of the discrimnator circ3t is suitably chosen in
proportion to the desired track pitch P. then [err] can be 10 made
represent ati ve ¥PltRgeq¥ambich LerFepropentapsne] ef rand rabstandiadfly his -
second servo Ioog I s sych as to hold the radial velocity dR equal to the
desi r-ed val ue dP ?BorﬁéPPF & BR 11 the arrangement of Fig. 13,

sui tabl e adj ustnent of the gaingtand frequency responses of the servo

anplifiers 111 apd giééf@zjehc'éoﬁa@u&énbech%o Voqbqica%sessar‘y, abg gv%n‘feés ka{lovvn to

persons skilled'in art, to ensure a suita accura r esponse

consistent Wit Ber$b@Rinbhli¥ier ééé'g%ogéréﬂrxlﬁgh@rcaﬁgésa%%éi:ﬁréo%.”%

have the characteristics discus ove | onnection wt

Fig. 14 illustrahes anyd rEtie 9B CRide¥eb8nlSedrie 1ddHf i dlisidn dat or
110. The structure of [err] discrimnator 112 nay be simlar, wth

the reference vabl agndlid hepled Ngqhae €60val FE the Mdhsidivety of
el ectronic swtch 101 is
the discriminator circuit is suitably chosen in
proportion to the desired track pitch P, then V_, can be

10 made representative of the quantity P®w, whereupon
2n

the action of this second servo loop is such as to
hold the radial veiocity dR equal to the desired value
dt

15 Pw
2n

In the arrangement bf Fig. 13,  suitable
adjustment of the gains and frequency responses of the
servo amplifiers 111 and 114 will normally be

20 necessary, in a manner known to persons skilled in the
art, to ensure a suitably accurate overall response
consistent with stability. In particular the
amplifier 114 may have the characteristics discussed

- above in connection with Fig. 12.

25 Fig. 14 illustrates a structure which may be used-
for the discriminator 110. The structure of ¢
discriminator 112 may be similar, with the reference
voltage 113 replacing the signal Vi

In Fig. 14, an electronic switch 101 is

36 controlled by the pulse train 102 from the sensor 14.

The switch 101 generates a voltage signal 103 which



/

30 controlled by the pulse train 102 fromthe sensor 14. The switch 101
generated a voltage signal 103 which 37 alternates between the radius
voltage [err] and ground, at the frequency of the pulse train 102. The
voltage transitions of the waveform of- the signal 103 cause current pul ses

.to-flow through a capacitor 105 to a 5 second electronic swtch 106, which
is controlled by the del ayed strobe si@fal 104 fromthe turntable strobe.

That del ay should be | ess than half a cycle. _The del ayed strogg s%gnal 104
may be gener @kteEyaheseetiedptiReiraddisovodtreryVeAtheT oM Gneli sk 13,

10 - but may alternatively be gengrated by el ectropically del ayi t he
strobe si gnal theofreqrency; e%gl Fget I‘?é‘qéa?l Rt ?ggé si%g(trl]%l v%%ﬁgggt es the
current pulses_arriying_fr Ltor 105, 1 [ b

alternately b fﬁ%%ﬁ¥ﬁ?gﬁnéﬁghgﬂgﬁggﬁﬁgh190?%a%hfﬁnggﬁg?%f?g? %89%6 Thus, a

mean: vol t age %@%ﬁgnop%q;sn%éatté hﬁl&k't PHEoQEN! ke Aipiditer 169 wBigh is

proporti onal t to the repetition rate of the strobe signa

102. Hence [g%%bnhs eeRRdH 1N aly 1eh/AD6 Then LaRagst @ontiblieavey t o
attenuat e ?he transitions in the waveformof the voltage [err] which are

due to the cugpentagub$es as€roneg sfigmall heogapaeobhortids tukitable
discrimnator 112 may be the sane as that of Fig. 14 except that in place

of [err] it usesoberef @hatcdedawshoajd be3 lwsiscithigehaldt av@yElE -t h
radi us., but which may be set in proportion to the desired track pitch P
' The delayed strobe signal 104 may be generated by a
sécond optical sensor acting on the strobe- disk 13,
10 but may alternatively be generated by electronically
delaying the strobe signal 102. As a result, the
delayed strobe signéi-104 gates the current pulses
arriving from the capacitor 105, that gating being
alternately bétween ground and the input of an
15 amplifier 107. Thus, a mean voltage V, appears at the
output of the amplifier 107 which is proportional both
to V, and to the repetition rate of the strobe signal
102. Hence, V, is proportional to V,w.
The capacitor 115 serves to attenuate the
20 transitions in the waveform of the wvoltage V,, which
are due to the current pulses arriving from the
capacitor 105.
The discriminator 112 may be the same as that of
Fig. 14 except.that_in place of V, it uses a reference
25 voltage 113 which does not vary with radius, but which
may be_set in proporfion to the desired traek pitch P
so as to obtain an output voltage representative

of Pw.
2n
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so as to obtain an output voltage representative of PC). 2n 1. A
di sk reeording ggHnggﬁm labg a recording head (10) and a turntable (2)
-which is rotata t axi s, the turntable{2)beingfor——
rotatably suppor wmmlm adj acent the record he
_recordi.ng head ( turntable (2) being nou m Bj’%lﬂwh rst
axis is novable relative to the recording ad (10),% ection
of said novenent of the first axis relativ to the recording head (10) is
defined by an ai tr ?_?#g ng (9), characterised in that said disk recording
system conpri ses means (18) for danmping said novenent. 2. A di sk
recordi ng systemjaccondi dgsik Orebdrdl hgiRfSidhn  BEmP2HBLRG PaARScédeBingS a
vi scous dashpot. 3. A di sk recordlng system according fo claim1 or claim
2, wherein the reedi(N® head (&l Yuaikhble (2P| otdtable abvabl & PDest
reI ative to the other about a second axis generally parallel to, but offset
fromthe first awaxis,4the Aurtditable ¢2)r bedgg fpst eatatablgi sygppdotih@i m
3, wherein the recording head (10) is fixed, and the turntable (2) is
nmounted on at 9 ea@stdigke @ madjagynyi thet hecerddng brad Ka99i:ng t hr ough
said at | east one armat a point renote fromthe turntable (2). 5. A di sk

recordi ng system accor@ﬁi@aQtﬁ’éi%@% Bno'FhéFal m 4, wherein the air bearing
(9) is arotary air

the rgcordlng head (10) and the turntable (2) are
mounted so that the first axis is movable relative to
the recording head (10), the direction of said

10 movement of the first axis relative to the recording
head (10) being defined by an air bearing (9), there
being means (18) for damping said movement.

2. A disk recording system according to claim 1
wherein the damping means (18) is a viscous dashpot.

15 3. A disk récdrding system according to.claim 1 or
claim 2, wherein the recording head (10) -and the
turntable (2) are movable one relative to the other
about a second axis generally paraliel to, but offset
from the first axis.

20 4. A disk recording system'according.to claim 3,
wherein the recording head (10) is fixed, and the
turntable (2) is mounted on at least one arm (6, 7)
with the second axis passing through said at least one
arm at a point remote from the turntable (2).

25 5, A disk recording system according to claim 3 or
claim 4, wherein the air bearing (9) is a rotary air.
bearing and defines the second axis.

6. A disk recording system according to any one of



bearing a Second axis. 39 6. —ﬁ—dm’né—system

according to an eprecedi ng clains S

control | ed tﬂ“s ang 1%3{%043) 7. A disk rerzgmﬂ mmeumnmrdl ng to
claim6, wher ﬁm 12. 43) i s connecte 0ct @ akr bearing via a
spring, (40, 4 recordi ng sgstem according to any one of the
precedi ng cl ai s, haV| ng an apparatus fo 9sensi ng the relative novenent of

t he recording head and t t ur nt ble t ha parat us co r|S|n a flrst set
of conducting it¥he %‘?e'l’rfé%t e‘a Fne BE’eFEé“bocﬁaésd Fird

sets of conductin I t ot her of the bod| es, the first
set of el enent $ ogleim@a%‘fe re(?&% %{?o J?ﬁ?e second and third sets;  neans
for applying adi rstaabisf{n@téé& A 289t 8mS Al aidy ebeEYsh 06, t he

second and third sets and for applying seco ternmating voltage'to

other el enents \Heddith SerENGhoHNE (N2 d 88HS 130 ¢HRhedtbaCd GENBILS

receive different voltages, the first and second vol tages bei ng of opposite
phase; and rpansed®ingletesta ngpiiwg cepagci46yel y i nduced voltage on the

first elenents, and conparing that voltage with either the first or second
al ternating vol8.age,Atdeskbyetordihgr systemha@accadmting fposahy oonef offhe
first elenments and the second and third el enents and so determ ne the
rel ati ve posititha(gr¢¢gﬂtm@iQ@aims, having an apparatus for sensing
the relative movement of the recording head and the
turntable, that apparatus comprising a first set of
10 conducting elements connected to one of the bodies;
second and third sets of conducting elements
connected to the other of the bodies, the first set of
elements being movable relative to the second and
third sets:; |
15 means for applying a first alternating voltage to
some of the elements of the second and third sets and
for applying a second alternating wvoltage to other
elements of the second and third sets so that adjacent
elements receive different voltages, the first and
20 second voltages being of opposite phase; and
means for detecting the capacitively induced
voltage on the first elemeﬂts, and comparing that
voltage with eitﬁer the firat or second alternating
voltage, thereby to detérmine the relative position of
25 the first elements and the second and third elements
and so determine the relative position of the bodies.

9. A method of controlling the rotation of a

turntable (2) relative to a recording head (10) in a



9. - A disk recording system according to claim1, _further includes
means for geneLaLLng—a—%rrst“§T@nal corresponding to the radi al

di spl acenent of the rec jead fromthe turntabl eeﬁmﬂumnﬂmrmm
generati ng aThs» correspond| ng to the rat he
turnt abl e, rrean g t he product of the fi rst and‘sefond *

signals, and ne ling the rotation of the turntable in
dependence on the dlfference between that pr@duct and a reference val ue.

.210. A'disk recording systemaccording to claim9, having a gate network

conprising first angkseeecondddagesysten, tofmprdeimert ed by a capacitor
(105), the first gate (101) and the capacitor (105) being arranged to

generate pul ses of genemadgingude Hiopbr signal teP¥FRSPERAING| §RaIthehd of

a frequency proportional to the second SI%I’I&N and the secongﬁ%e ( 0
bei ng ‘arranged torpddalat qlﬁéta%}ﬁé“bf Q osEh%uI Zgsording d| ng

system according to_claim10 wherein econd gate (106) is adapted to be

control | ed on t heTBA&TdVE 99u¥@ﬁaﬁﬂﬁ?§3 %%@reby to pass pul ses of one

I t I 12. A disk di t
D iy ng i vpi 11 SRR SEEP %%égégt%%a%as Shiilng Yo AL
generating the avergge aﬂ{@d%ﬂ%x{’fof h&g%,ﬁtmféegzpy t he second gate.

13. A disk recordlng system according to any one of clalms 9 to 12, further
including means.for compa{dfking the product of the first and second

signals, and controlling the rotation of the turntable
(2) in dependence on the diffe;‘ence between that
10 producf and a reference value.
10. A method according to claim 9, wherein the first
signal is a voltage signal and the second signal is a
frequency signal..
11. A method according to claim 9 or claim 10,
15 wherein the product is a voltage signal.
12. A'method according to any one of claims 9 to 11
wherein the generation of the product'of the first and
second signals includes generation ef pulses
proportional in magnitude to the first signal and at
20 a frequency depending on the.second signal.
13. A mefhod according to claim 12 wherein at least
some of the pulses are passed to an amplifier (107)
which generates the average amplitude of those pulses,
representihg the.product.
25 14. A method according to any one of the preceding
claims 9 to 13, wherein a signal corresponding to the
radial velocity of the head is compared with the

second signal for controlling radial .motion of the



41 a 5|gnal correspondln to the radial Ve|OCIty of the t he
second sfg S fol | ng the head m)venﬁm‘ rﬁ ﬂ“g’ “(gonse to

t hat” conpari u heet Has Becn. Repl aced cokdi ng
system accor 16 wherein the second gafe fl i s adapted to be
controlied -on the basis of the second s gnal , thereby to pass pul ses of one

I t I 5 k di im 15
raim b, °Ra§.wﬁ%% f1dr I«iﬁ%e“ic?ﬂm%fés bR RurREdBg Gate (106) for
enerating t ver I by th d .
%9 A dISE re?ﬁ?dlﬁgg§§ Eﬁéééﬁg%ég %V%%gmnégg gﬁ%?ggo ZlaiﬁssigoPo %gte

further including neans.hpdiseResd Ng1 S|gnal corresponding to the radial
vel ocity of the head Ci thégsecondgs?gnal and for controlling the head

novenent nmeans in r55p@@§§t£@léha(290”9@f|SQ@pportlng a disk (1)

5 adjacent the recording head (10) the turntable (2)
being rotatable relative to the recording head (10);
means for moving the recording head (10) relative
to the axis of the turntable (2),
means for generating a first signal corresponding.
10 to the radial displacement of the recording head from
the turntable axis,
means for generating a second signal
corresponding to the rate of rotation of the

turntable,

15 | means for generating the product of the first and

second signals, and

means for controlling the rotation of the
turntable in dépendence on the difference between that
product and a reference value.

20 16. A disk récording system according to claim 15,
having a gate network comprising first and second
gates (101, 106) connected by a capacitor (105), the
first gate (101) and the capacitor (105) being
arfanged to generate pulses of a magnitude

25 broportional to the first signal and of a ftequency
proportional to the second signal, and the second gate

(106) being arranged to pass at least some of those

pulses.
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17. A disk recording system according to claim 16‘

42

wherein the second gate (106) is adapted to be
controlled on the basis of the second signal, thereby
éo pass pulsés of one polarity only.

15. A disk recording system according to claim 15 or
claim.16, having an amplifier (107) connected to the
second gate (106) for generating the average amplitude
of the pulses passed by the second gate.

;9. A disk recording system according to any one of
claims 15 to 18, further ;ncluding means for comparing
a signal corréépdnding to the radial velocity of the
head with the second signal, and for controlling the -

head movement means in response to that comparison.



