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SYSTEM FOR ROTATING AN INFORMATION 
STORAGE DISC AT A VARIABLE ANGULAR 
VELOCITY TO RECOVER INFORMATION 

THEREFROM AT A PRESCRIBED CONSTANT 
RATE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to systems for 
recovering information from a record medium. and. 
more particularly, to systems for recovering informa 
tion from an information storage disc that is rotatable at 
a variable angular velocity. 

Information storage discs having a plurality of sub 
stantially circular and concentrically arranged informa 
tion tracks are becoming increasingly popular. particu 
larly when used for storing video signals. Each informa 
tion track on the disc typically stores one complete 
frame of the video signal, so recovery of the video 
signal at a prescribed constant rate necessary for proper 
reception of the signal by a conventional television 
receiver ordinarily necessitates a rotation of the disc 
relative to a transducer at a substantially constant angu 

lar velocity. 
An example of a servo apparatus for recovering a 

video signal from such a disc is described in a co-pend 
ing and commonly assigned application for U.S. patent 
Ser. No. 890.670, ?led in the name of W. R. Dakin et al 
and entitled “Video Disc Player". The servo apparatus 
described in the application includes a spindle motor for 
rotating the disc, a tachometer coupled to the motor for 
producing a signal having a frequency proportional to 
its angular velocity, and a phase detector for comparing 
the phase angle of the tachometer signal with that of a 
periodic reference signal. The output of the phase de 
tector, which is proportional to the phase difference of 
its two input signals, is suitably ampli?ed and coupled to 
the motor to rotate the disc at the appropriate constant 
angular velocity. 
An example of another servo apparatus for recover 

ing a video signal from such a disc is described in a 
co-pending and commonly assigned application for US. 
patent, Ser. No. 920,701, ?led in the name of J. 5. Wins 
low et a1 and entitled System for Recovering Informa 
tion from a Movable Information Storage Medium. The 
servo apparatus described in the application is similar to 
the apparatus described previously, except that substi 
tuted for the tachometer signal is a pilot signal, which 
has been extracted from the signal recovered from the 
disc. This system operates more effectively to recover 
the signal from the disc at a prescribed constant rate, 
however, since it is not as susceptible to errors caused 
by relative slippage of the disc and eccentricities of the 
disc. 

Since information is recovered from a disc of the type 
described above by rotating it at a constant angular 
velocity, and since each information track extends over 
a full circumference on the disc, a video signal stored in 
tracks at the periphery of the disc is less densely re 
corded than a signal stored nearer the center of the disc. 
The entire information recording capability of the disc 
is thus not utilized to its fullest extent, and, as a result, 
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2 
the playing time of the disc is substantially lower than it 
otherwise could be. 
One technique for increasing the playing time of an 

information storage disc is disclosed in a co-pending and 
commonly assigned application for US. patent Ser. No. 
961.405. ?led simultaneously herewith by the same in 
ventors and entitled System for Recording Information 
on a Rotatable Storage Disc. ln a Substantially Uniform 
Recording Density. In that application, a technique is 
described for recording information onto a storage disc 
of the aforedescribed type. wherein the the disc is ro 
tated relative to a radially movable transducer at an 
angular velocity that is varied according to the radius of 
the particular information track in question. In particu 
lar. a substantially uniform recording density over the 
entire disc can be achieved by rotating the disc at an 
angular velocity inversely proportional to the radius of 
the selected track. The amount of information recorded 
on each information track is thus generally proportional 
to the length of the track. Since known prior apparatus 
for recovering information from rotatable information 
storage discs operate to rotate the disc only at a con 
stant angular velocity relative to a transducer. they are 
generally incapable of recovering information from 
discs of the type having such a uniform recording den 
sity. 

It will thus be appreciated that there is a need for a 
method and apparatus for rotating an information stor 
age disc of the type described above at a variable angu 
lar velocity relative to a transducer, to recover informa 
tion from the disc at a prescribed constant rate. More 
over, there is a particular need or a method and appara 
tus for recovering information from a disc having a 
uniform recording density. The present invention ful 
?lls these needs. 

SUMMARY OF THE INVENTION 

The present invention is embodied in apparatus and a 
related method for controllably rotating an information 
storage disc relative to transducer means for recovering 
information stored thereon. The information is stored in 
a plurality of substantially circular and concentrically 
arranged information tracks, and the transducer means 
is radially movable relative to the disc to recover the 
information from a selected one of the tracks. The re 
cording density of the stored information is such that, to 
recover the information at a prescribed constant rate, 
the disc must be rotated at an angular velocity that 
varies according to the radius of the selected track. 
The apparatus includes means for producing a coarse 

speed control signal that varies according to the radius 
of the selected information track. means responsive to 
the coarse signal for producing a composite speed con 
trol signal representative of the prescribed speed at 
which the disc is to be rotated, and means responsive to 
the composite speed control signal for rotating the disc, 
accordingly. In accordance with the invention, the 
apparatus further includes means for comparing a peri 
odic signal included in the information recovered from 
the disc with a periodic reference signal. and for pro 
ducing a corresponding ?ne speed control signal that is 
coupled to the means for producing the composite 
speed control signal, to adjust such composite signal in 
a prescribed fashion, accordingly. As a result, the angu 
lar velocity of the disc is controllably adjusted. such 
that the information is recovered therefrom by the 
transducer means at the prescribed constant rate. 
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More particularly. an apparatus constructed in accor 
dance with the present invention is especially adapted 
for use in recovering a video signal from an information 
storage disc having a substantially uniform recording 
density over its entire information-bearing surface. To 
properly recover the video signal. the angular velocity 
of the disc relative to the transducer means must be 
maintained substantially inversely proportional to the 
radius of the information track from which information 
is being recovered by the transducer means. 
The coarse speed control means preferably comprises 

a potentiometer mechanically coupled to the transducer 
means. which is movable radially relative to the disc. 
An electrical signal produced by the potentiometer is 
substantially proportional to such radius and is coupled 
to the means for producing the composite speed control 
signal, which, in the preferred embodiment comprises a 
voltage-controlled oscillator (VCO). The composite 
speed control signal produced by the VCO has a fre 
quency substantially inversely proportional to the ra 
dius of the selected track. and is coupled to a conven 
tional servomechanism for rotating the disc at a corre 
sponding angular velocity. Thus, as a result of the 
coarse speed control means, alone, the angular velocity 
of the disc will be controllably adjusted as the trans 
ducer means moves from track to track, and, depending 
on the linearity of the potentiometer and the VCO. the 
resultant velocity will be within a prescribed tolerance 
of the precise velocity necessary for recovering the 
information at the prescribed constant rate. 
A fine adjustment of the angular velocity of the disc 

is accomplished by the fine speed control means, which 
operates to compare the timing of the video signal re 
covered from the disc with a periodic reference signal. 
The fine speed control means preferably includes a 
phase-locked loop for detecting a pilot signal included 
in the video signal recovered from the disc and produc 
ing a periodic signal having a corresponding frequency, 
along with a stable reference oscillator for generating 
the periodic reference signal. The respective periodic 
signals are suitably frequency divided and compared to 
each other in a phase detector to produce the ?ne speed 
control signal, which has an average voltage propor 
tional to the difference in the phase angles of the respec~ 
tive signals. 
The ?ne speed control signal is transmitted to a sum 

ming amplifier, where it is combined with the coarse 
speed control signal, for coupling to the VCO. As a 
result, the frequency of the composite speed control 
signal produced by the VCO will be adjusted automati 
cally, to cause the servo to rotate the disc at an appro 
priate angular velocity such that the video signal is 
recovered from the disc at the prescribed constant rate. 
By way of example, if the coarse speed control means, 
by itself, operated to rotate the disc at too low an angu 
lar velocity, the ?ne speed control means would detect 
a relative phase lag in the recovered video signal and 
would adjust the average voltage level of the ?ne speed 
control signal it produces, accordingly. The voltage 
applied to the VCO would thus be controllably ad 
justed, whereby the frequency of the composite speed 
control signal would be increased and the angular ve 
locity of the disc increased, accordingly, until the 
proper speed were achieved. The apparatus would op 
erate in a similar fashion to decrease the angular veloc 
ity of the disc if a phase lead in the recovered video 
signal were detected. 
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Other aspects and advantages of the present inven 

tion will become apparent from the following descrip 
tion of the preferred embodiment taken in conjunction 
with the accompanying drawings, which disclose, by 
way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a prior video disc, showing. 
in schematic form. two information tracks, each extend 
ing over one complete circumference and containing 
one frame of a video signal; 
FIG. 2 is a plan view of the video disc of FIG. 1. 

showing, in enlarged form, the successive light-reflec 
tive and light-scattering regions forming the two infor 
mation tracks; 

FIG. 3 is a simplified block diagram of a prior art 
apparatus for rotating the video disc of FIG. 1 at a 
constant angular velocity, to recover the video signal 
therefrom; 
FIG. 4 is a plan view of a video disc for use with 

apparatus of the present invention, showing, in sche 
matic form, a plurality of frames of a video signal re 
corded on the disc, each of the frames having substan 
tially the same length; 
FIG. 5 is a plan view of the video disc of FIG. 4, 

showing, in enlarged form, the successive light-re?ec 
tive and light-scattering regions for two information 
tracks, one located near the periphery of the disc and 
the other near the center of the disc; and 
FIG. 6 is a simpli?ed block diagram of apparatus of 

the present invention for rotating the video disc of FIG. 
4 at a precisely controllable angular velocity, such that 
the video signal is recovered from the disc at a pre 
scribed rate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, and particularly to 
FIGS. 1 and 2, there is shown a typical prior art record 
disc 10 for storing information, such as a video signal. 
As shown in FIG. 1, the signal is recorded in a plurality 
of substantially circular information tracks fonning a 
spiral pattern on the disc, with each track containing 
one frame of video information. The even ?elds for ‘all 
of the tracks form a sector indicated by the reference 
numeral 12, while the odd ?elds form a sector indicated 
by the numeral 14 and the vertical blanking intervals 
form sectors indicated at 16 and 18. It will be apparent 
that an information track located at the periphery of the 
video disc 10, such as the track indicated by the numeral 
19, is of considerably longer length than is an informa 
tion track located nearer the center of the disc, such as 
the track indicated by the numeral 20. 

FIG. 2 is another schematic view of the disc shown in 
FIG. 1, wherein indicia of the recorded video signal are 
shown in enlarged form. The form of this video disc is 
described in more detail in a co—pending and commonly 
assigned application for US. patent Ser. No. 890,407, 
filed in the name of John S. Winslow and entitled “Mas 
tering Machine“. The video signal is ordinarily stored 
on the disc 10 in the form of a frequency modulated 
carrier and it comprises an alternating sequence of light 
reflective and light-scattering regions, 24 and 26, re 
spectively. The light-scattering regions 26 normally 
have a uniform width in the radial direction, and the 
lengths of adjacent light-scattering and light-re?ective 
regions are essentially equal, because, together, they 
represent a single cycle of the frequency modulated 
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signal. Since the same amount of information is re 
corded on each track. i.e.. one video frame. the size of 
the successive light-scattering regions changes as a 
function of its radial position. This can be observed in 
FIG. 2 by noting the relative sizes of the light-re?ective 
and light-scattering regions. 24 and 26. respectively. for 
a track near the periphery of the disc 10. and the light 
reflective and light-scattering regions. 24' and 26', re 

. spectively. for a track near the center of the disc. 
FIG. 3 is a simpli?ed block diagram of a prior art 

system utilized in rotating the disc 10 of FIGS. 1 and 2 
at a constant angular velocity of 30 revolutions per 
second. The system includes an oscillator 30 for gener 
ating a reference frequency that is frequency divided by 
a divider circuit 32 to produce a speed reference signal. 
a spindle motor 28. and an AC tachometer 34 coupled 
to the spindle motor for producing a signal having a 
frequency proportional to the actual angular velocity of 
the disc 10. The system further includes a phase detec 
tor circuit 36 for comparing the respective phase angles 
of the tachometer signal and the speed reference signal 
and for producing a corresponding control signal. The 
control signal is, in turn, processed in a lead/lag com 
pensator 38 and an ampli?er 40 for coupling to the 
motor 28 to controllably adjust its angular velocity to 
properly rotate the disc 10 at 30 revolutions per second. 

Referring now to FIGS. 4 and 5, there is shown a 
video disc 110 for use with apparatus of the present 
invention. FIG. 4 shows, in schematic form. one frame 
112 of a video signal, extending over one complete 
information track near the center of the disc, along with 
a plurality of consecutive video signal frames 114. 116, 
118, and 120 extending over a pair of tracks located near 
the periphery of the disc, each of these latter frames 
extending over substantially less than a complete cir 
cumference of the disc. The length of each frame on the 
disc is substantially the same. 

FIG. 5 shows, in enlarged form, the successive light 
reflective and light-scattering regions 122 and 124 for a 
portion of the video signal frame designated 118, along 
with corresponding regions 122’ and 124' for a portion 
of the frame designated 112. It should be noted that, 
since each video signal frame recorded on the disc is 
substantially of equal length, the nominal lengths of the 
respective light-scattering regions 124 and 124' are, 
likewise, substantially equal. 

Referring now to FIG. 6, there is shown a simplified 
block diagram of apparatus for controllably rotating the 
disc 110 of FIGS. 4 and 5 at a variable angular velocity 
relative to an optical transducer 128. such that the video 
signal is recovered from the disc at a prescribed con 
stant rate. The optical transducer is movable radially 
relative to the disc to recover the video signal from a 
selected one of the information tracks, and the appara 
tus operates to rotate the disc such that the selected 
track is moved at a substantially constant linear velocity 
relative to the transducer. The prescribed constant rate 
at which the video signal is recovered from the disc 
corresponds to conventional broadcast format stan 
dards, whereby the signal can be properly received and 
displayed by a conventional television receiver (not 
shown). 
The apparatus includes a coarse speed control poten 

tiometer 130 mechanically coupled to the transducer 
128 for producing a coarse speed control signal, which 
is generally proportional to the radius of the particular 
information track from which information is being re 
covered, a voltage-controlled oscillator (VCO) 132, 
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6 
responsive to the coarse speed control signal. for pro 
ducing a composite speed control signal having a fre 
quency that corresponds thereto. along with a spindle 
motor servo 134. responsive to the composite speed 
control signal, for rotating the disc 110 at the corre 
sponding angular velocity. The coarse speed control 
signal. being generally proportional to the radius of the 
selected track. thus yields a coarse approximation of the 
particular angular velocity required for recovery of the 
video signal at the prescribed constant rate. 

In accordance with the invention. the apparatus fur 
ther includes ?ne speed control circuitry 136 for com 
paring the phase angle of a periodic signal included in 
the information recovered from the disc 110 with that 
of a periodic reference signal derived from a crystal 
oscillator 138. The circuitry 136 produces a ?ne speed 
control signal for combination with the coarse speed 
control signal in a summing ampli?er 140 and coupling 
to the VCO 132. The frequency of the composite speed 
control signal and. in turn. the angular velocity of the 
disc 110 are thus properly adjusted such that the peri 
odic signal from the disc and the periodic reference 
signal from the oscillator have synchronous frequen 
cies. and the video signal is therefore recovered from 
the disc at the prescribed constant rate. 
The periodic signal that is recovered from the disc 

110 and detected by the ?ne speed control circuitry 136. 
preferably comprises a pilot signal. having a predeter 
mined constant frequency, that is additively combined 
with the video signal. Alternatively. many other peri 
odic signals can be utilized. such as. for example. the 
successive vertical or horizontal synchronization pulses 
or the successive chrominance bursts in the video sig 
nal, itself. 
The coarse speed control potentiometer 130 is me 

chanically coupled to the optical transducer 128 and is 
adapted to produce an electrical current signal substan 
tially directly proportional to the radius of the informa 
tion track from which the transducer is recovering 
information. This current signal is transmitted over line 
140 to the summing amplifier 140, where it is combined 
with the fine speed control signal supplied over line 142 
from the ?ne speed control circuitry 136 and converted 
to a composite voltage signal for transmission over line 
144 to the VCO 132. The VCO. in turn, produces the 
composite speed control signal for transmission over 
line 146 to the spindle motor servo 134, which operates 
to rotate the information disc 110 at an angular velocity 
corresponding to the frequency of the composite speed 
control signal. For reasons that will become apparent 
subsequently, the potentiometer 130 and the VCO 132 
and preferably sufficiently linear that, disregarding the 
effects of the fine speed control signal, the instantaneous 
frequency of the composite speed control signal will 
always be within a tolerance of approximately 5% of 
the actual frequency necessary for recovery of informa 
tion from the disc at the prescribed constant rate. 
The spindle motor servo 134 includes a spindle motor 

148 for rotating the disc 110. an AC tachometer 150 
coupled to the spindle motor for producing a tachome 
ter signal having a frequency proportional to its angular 
velocity, and a phase detector 152 for comparing the 
phase angle of the tachometer signal with that of the 
composite speed control signal. The phase detector 
produces a control signal proportional to the detected 
phase difference. for processing by a lead/lag compen 
sator 154 and amplification by an amplifier 156 and. in 
turn, coupling to the spindle motor 148 to control its 
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angular velocity. The servo 134 operates in a conven 
tional manner to synchronize the respective frequencies 
and phase angles of the composite speed control signal 
and the tachometer signal, whereby the angular veloc 
ity of the spindle motor 148. and. therefore, the disc 110. 
are made to follow the varying frequency of the com 
posite speed control signal. 
The fine speed control circuitry 136 receives on line 

158 the pilot signal included with the video signal re 
covered from the disc 110, and produces the ?ne speed 
control signal for use by the apparatus in precisely ad 
justing the angular velocity of the disc to result in a 
recovery of the video signal at the proper rate. The 
circuitry 136 includes a phase-locked loop circuit 160 
for detecting the pilot signal. along with a phase detec 
tor 162 for comparing the phase angle of the detected 
signal with that of the periodic reference signal derived 
from the crystal oscillator 138. 
The phase-locked loop 160 operates in a conventional 

manner to detect the successive cycles of the pilot sig 
nal supplied on line 158 and to produce a periodic signal 
having the same frequency. Use of a phase-locked loop 
insures that. under ordinary circumstances, spurious 
pulses or signal dropouts will be eliminated and a sub 
stantially noise-free periodic signal will be produced. 
The “pull-in range“ of the phase-locked loop must ex 
ceed the maximum range of frequencies over which the 
frequency of the recovered pilot signal is expected to 
vary. Since, as previously mentioned, the tolerance on 
the linearity of the coarse speed control potentiometer 
130 and the VCO 132 is 5%, it follows that the pull-in 
range of the phase-locked loop must exceed 5% of the 
nominal pilot signal frequency. The periodic signal 
produced by the phase-locked loop 160 is transmitted 
over line 164 to a conventional edge detector 166, 
which produces a short duration pulse for each transi 
tion of a particular polarity, for transmission over line 
168 to a ?rst input terminal of the phase detector 162. 
The crystal oscillator 138 produces a periodic clock 

signal for transmission over line 170 to a divide-by-N 
circuit 172, where it is frequency divided to produce the 
periodic reference signal having the same frequency as 
the nominal frequency of the periodic signal produced 
by the phase-locked loop circuit 160. This periodic 
reference signal from the divide~by-N circuit is trans 
mitted over line 174 to a conventional edge detector 
176, which produces a short duration pulse for each 
transition of a particular polarity, for transmission over 
line 178 to a second input terminal of the phase detector 
162. 
The phase detector 162 compares the respective 

phase angles of the two input pulse sequences it receives 
from the two edge detectors 166 and 176, and produces 
the ?ne speed control signal, which has an average 
voltage proportional to the phase difference. The ?ne 
speed control signal is transmitted over line 142 to the 
summing ampli?er 140, where it is combined with the 
coarse speed control signal for transmission to the VCO 
132. When a phase lead in the pilot signal is detected by 
the phase detector, indicating that the video signal is 
being recovered from the disc 110 at a rate too high, the 
average voltage of the ?ne speed control signal will 
automatically increase in value, thereby causing a cor 
responding decrease in the frequency of the composite 
speed control signal produced by the VCO, and a corre 
sponding decrease in the angular velocity of the disc, to 
correct for the phase lead. Conversely, when a phase 
lag in the pilot signal is detected, indicating that the 
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video signal is being recovered at a rate too low. the 
average voltage of ?ne speed control signal will auto 
matically decrease in value, thereby causing the angular 
velocity of the disc to be increased. accordingly, to 
correct for the phase lag. 
The phase detector 162 preferably comprises a bidi 

rectional counter in the form ofa S-stage shift register in 
which the input from one edge detector 166 or 176 is 
applied to the left stage. the input from the other edge 
detector is applied to the right stage, and the output 
(i.e.. the line speed control signal) is produced by the 
center stage. During normal operation. a pulse received 
on one input will cause a positive-going transition in the 
output signal, and a pulse received on the other input 
will cause a negative-going transition in the output 
signal. Thus, if the pulses in the two input signals are 
received in an alternating fashion, indicating that they 
have the same frequency, the output will comprise a 
pulse sequence whose average voltage is proportional 
to the phase difference of the two inputs. This bidirec 
tional counter is described in more detail in an article 
written by R. A. Millar, entitled "Digital Control of 
Shaft Speed and Position“, published in IEEE Spec 
trum, January, l968. 
From the foregoing description. it should be apparent 

that the present invention provides an effective appara 
tus and related method for recovering information from 
an information storage disc having a plurality of sub 
stantially concentrically arranged information tracks, 
with the information being recorded on the tracks at a 
substantially uniform recording density. The apparatus 
includes both coarse and ?ne speed control circuitry for 
effecting a precise control of the angular velocity of the 
disc, such that the information is recovered from the 
disc at a prescribed constant rate. 
Although the invention has been described in detail 

with reference to its presently preferred embodiment, it 
will be understood by one of ordinary skill in the art 
that various modi?cations can be made without depart 
ing from the spirit and scope of the invention. Accord 
ingly, it is not intended that the invention be limited, 
except as by the appended claims. 
We claim: 
1. Apparatus for recovering a video signal from a 

rotatable information storage disc, wherein the video 
signal is stored on the disc in a plurality of substantially 
circular and concentrically arranged information 
tracks, each track having a substantially uniform re 
cording density, said video signal being recovered from 
the disc at a substantially constant rate by a transducer 
that is movable radially relative to the disc to be in a 
prescribed relationship with a selected information 
track, said apparatus comprising: 

a potentiometer coupled to the transducer for pro 
ducing a coarse speed control signal that varies 
substantially linearly with the radius of the selected 
information track from which the video signal is 
being recovered by the transducer; 

oscillator means for producing a periodic reference 
signal having a prescribed constant frequency that 
corresponds to the rate at which the video signal is 
to be recovered from the disc; 

?ne speed control means for comparing the phase 
angle of a periodic pilot signal included with the 
video signal recovered from the disc, with the 
phase angle of the periodic reference signal, and for 
producing a fine speed control signal having an 
average value that corresponds to the difference in 



Re. 32,431 

the respective phase angles. said ?ne speed control 
means including a phase-locked loop for detecting 
the periodic pilot signal; 

means for summing together the coarse speed control 
signal and the ?ne speed control signal, to produce 
a composite voltage signal: 

voltage-controlled oscillator means for producing a 
composite speed control signal having a frequency 
that corresponds to the composite voltage signal; 
and 

means for rotating the disc at an angular velocity 
corresponding to the frequency of the composite 
speed control signal; 

said [coarse speed control means] potentiometer and 
said voltage-controlled oscillator means being con 
structed with sufficient linearity that the composite 
speed control signal will always have a frequency 
that causes the disc to be rotated at an angular 
velocity that results in the recovered pilot signal 
having a frequency within the pull-in range of said 
phase-locked loop, whereby said ?ne speed control 
means is always operable to produce the ?ne speed 
control signal for effecting a ?ne adjustment of the 
angular velocity of the disc, and whereby the video 
signal is recovered from the disc substantially at 
the prescribed constant rate. 

2. Apparatus for recovering a video signal from a 
rotatable information storage disc, wherein the video 
signal is stored on the disc in a plurality of substantially 
circular and concentrically arranged information 
tracks, each track having a substantially uniform re 
cording density, said video signal being recovered from 
the disc at a substantially constant rate by a transducer 
that is movable radially relative to the disc to be in a 
prescribed relationship with a selected information 
track, said apparatus comprising: 

a potentiometer coupled to the transducer for pro 
ducing a coarse speed control signal substantially 
proportional to the radius of the selected informa 
tion track from which the video signal is being 
recovered by the transducer; 

oscillator means for producing a periodic reference 
signal having a prescribed constant frequency that 
corresponds to the rate at which the video signal is 
to be recovered from the disc; 

?ne speed control means for comparing the phase 
angle of a periodic pilot signal recovered from the 
disc along with the video signal, with the phase 
angle of the periodic reference signal, and for pro 
ducing a ?ne speed control signal having an aver 
age value that corresponds to the difference in the 
respective phase angles, said ?ne speed control 
means including a phase-locked loop for detecting 
the relative phase angle of the periodic pilot signal; 

means for summing together the coarse speed control 
signal and the ?ne speed control signal, to produce 
a composite voltage signal; 

voltage-controlled oscillator means for producing a 
composite speed control signal having a frequency 
that corresponds to the composite voltage signal; 
and 

means for rotating the disc at an angular velocity 
corresponding to the frequency of the composite 
speed control signal; 

said [coarse speed control means] potentiometer and 
said voltage-controlled oscillator means being con 
structed with suf?cient linearity that the composite 
speed control signal will always have a frequency 
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10 
that causes the disc to be rotated at an angular 
velocity that results in the recovered pilot signal 
having a frequency within the pull-in range of said 
phase-locked loop, whereby said ?ne speed control 
means is always operable to produce the ?ne speed 
control signal for effecting a ?ne adjustment of the 
angular velocity ofthe disc, and whereby the video 
signal is recovered from the disc substantially at 
the prescribed constant rate. 

3. Apparatus for recovering a video signal from a 
rotatable information storage disc, wherein the video 
signal is stored on the disc in a plurality of substantially 
circular and concentrically arranged information 
tracks, each track having a substantially uniform re 
cording density, said video signal being recovered from 
the disc at a substantially constant rate by a transducer 
that is movable radially relative to the disc to be in a 
prescribed relationship with a selected information 
track, said apparatus comprising: 

coarse speed control means for producing a coarse 
speed control signal that varies substantially lin 
early with the radius of the selected information 
track from which the video signal is being recov 
ered by the transducer; 

oscillator means for producing a periodic reference 
signal having a prescribed constant frequency that 
corresponds to the rate at which the video signal is 
to be recovered from the disc; 

?ne speed control means for comparing the phase 
angle of a periodic signal included in the video 
signal recovered from the disc with the phase angle 
of the periodic reference signal, and for producing 
a ?ne speed control signal having an average value 
that corresponds to the difference in the respective 
phase angles; 

means for summing together the coarse speed control 
signal and the ?ne speed control signal, to produce 
a composite voltage signal; 

voltage~controlled oscillator means for producing a 
composite speed control signal having a frequency 
that corresponds to the composite voltage signal; 
and 

means for rotating the disc at an angular velocity 
corresponding to the frequency of the composite 
speed control signal, whereby the video signal is 
recovered from the disc substantially at the pre 
scribed constant rate. 

wherein said ?ne speed control means includes a phase 
locked loop for detecting the periodic signal recovered 
from the disc; and 

wherein said coarse speed control means and said volt 
age-controlled oscillator means are constructed with 
sufficient linearity that the composite speed control 
signal will always have a frequency that causes the 
disc to be rotated at an angular velocity that results in 
the horizontal synchronization pulses in the periodic 
signal recovered from the disc having a frequency 
within the pull-in range of said phase-locked loop. 
whereby said ?ne speed control means is always opera 
ble to produce the fine speed control signal for effect 
ing a ?ne adjustment of the angular velocity of the 
disc. 

4. Apparatus as de?ned in claim 3, wherein said 
coarse speed control means [included] includes a po 
tentiometer coupled to the radially movable transducer. 

5. Apparatus as de?ned in claim 3, wherein the trans 
ducer is moved radially relative to the disc in a continu 
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ous fashion. and the video signal is recovered from the 
successive information tracks. seriatum. 

[6. Apparatus as de?ned in claim 3. wherein said ?ne 
speed control means includes a phase-locked loop for 
detecting the relative phase angle of the periodic signal 
recovered from the disc] 

[7. Apparatus as de?ned in claim 6. wherein said 
coarse speed control means and said voltage-controlled 
oscillator means are constructed with sufficient linear 
ity that the composite speed control signal will always 
have a frequency that causes the disc to be rotated at an 
angular velocity that results in the horizontal synchro 
nization pulses in the periodic signal recovered from the 
disc having a frequency within the pull-in range of said 
phase-locked loop. whereby said ?ne speed control 
means is always operable to produce the ?ne speed 
control signal for effecting a ?ne adjustment of the 
angular velocity of the disc.] 

8. Apparatus as de?ned in claim [7] 5, wherein the 
periodic signal in the video signal recovered from the 
disc is a pilot signal that is summed with the video sig 
nal. said pilot signal having a predetermined constant 
frequency. 

9. A method for controllably rotating an information 
storage disc relative to a transducer, to recover infor 
mation that is stored on the disc in a plurality of substan— 
tially circular and concentrically arranged information 
tracks. wherein the information is recovered from the 
disc at a substantially constant rate, said method com 
prising the steps of: 

determining the radius of the particular information 
track from which information is being recovered 
by the transducer, and producing a coarse speed 
control signal in accordance therewith; 

producing a periodic reference signal having a prede 
termined constant frequency; 

comparing a periodic signal included in the informa 
tion recovered from the disc with the periodic 
reference signal, to produce a ?ne speed control 
signal representative of the comparison; 

producing a composite speed control signal in accor~ 
dance with the coarse speed control signal and the 
?ne speed control signal, said composite signal 
being representative of the prescribed angular ve 
locity at which the disc is to be rotated; and 

rotating the disc at the prescribed angular velocity, in 
accordance with the composite speed control sig 
nal, whereby the information is recovered by the 
transducer at the prescribed constant rate. 

wherein said step of comparing includes the step of de 
tecting the periodic signal recovered from the disc in a 
phase-locked loop; and 

wherein said steps of producing the coarse speed control 
signal and producing the composite speed control 
signal are performed with sufficient precision that the 
resulting composite speed control signal will cause the 
disc to be rotated at an angular velocity that results in 
the periodic signal in the recovered information having 
a frequency within the pull-in range of the phase 
locked loop. whereby said step of comparing and pro 
ducing the ?ne speed control signal will always e?fect 
a fine adjustment of the angular velocity of the disc. 

10. A method as de?ned in claim 9, wherein the 
coarse speed control signal is substantially directly pro 
portional to the radius of the information track from 
which information is being recovered. 

11. A method as de?ned in claim 9, wherein: 
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said step of producing the composite speed control 

signal includes the steps of 
summing together the coarse speed control signal 

and the ?ne speed control signal, to produce a 
composite voltage signal. and 

producing the composite speed control signal in a 
voltage-controlled oscillator, said composite 
speed control signal having a frequency substan 
tially inversely proportional to the voltage ofthe 
composite voltage signal: and 

the disc is rotated in said step of rotating at an angular 
velocity substantially directly proportional to the 
frequency of said composite speed control signal. 

12. A method as de?ned in claim 9, wherein the com 
posite speed control signal is substantially inversely 
proportional to the radius of the selected information 
track from which information is being’ recovered. 
whereby the information storage disc is controllably 
rotated at an angular velocity substantially inversely 
proportional to the radius of the selected track and the 
disc is moved relative to the transducer at a substan 
tially constant linear velocity. 

13. A method as de?ned in claim 9, wherein: 
said step of comparing includes the step of comparing 

the phase angle of the periodic signal recovered 
from the disc with the phase angle of the periodic 
reference signal; and 

said ?ne speed control signal has an average value 
representative of the difference in the relative 
phase angles of the two periodic signals. 

14. A method as de?ned in claim 13, wherein: 
the periodic signal recovered from the disc is a sepa 

rate periodic pilot signal that is summed with a 
video signal, said pilot signal having a predeter 
mined constant frequency. 

[15. A method as de?ned in claim 13. wherein said 
step of comparing includes the step of detecting the 
periodic signal recovered from the disc in a phase 
locked loop] 

[16. A method as de?ned in claim 15, wherein said 
steps of producing the coarse speed control signal and 
producing the composite speed control signal are per 
formed with suf?cient precision that the resulting com 
posite speed control signal will cause the disc to be 
rotated at an angular velocity that results in the periodic 
signal in the recovered information having a frequency 
within the pull-in range of the phase-locked loop, 
whereby said step of comparing and producing the ?ne 
speed control signal will always effect a ?ne adjustment 
of the angular velocity of the disc] 

17. Apparatus for controllably rotating an informa 
tion storage disc relative to a transducer, to recover 
infonnation that is stored on the disc in a plurality of 
substantially circular and concentrically arranged infor 
mation tracks, said apparatus operating to recover the 
information at a substantially constant rate, said appara~ 
tus comprising: 

coarse speed control means for producing a coarse 
speed control signal that varies according to the 
radius of the particular information track from 
which the information is being recovered; 

means for producing a periodic reference signal hav 
ing a predetermined constant frequency; 

?ne speed control means for comparing a periodic 
signal included in the information recovered from 
the disc with the periodic reference signal, and for 
producing a corresponding ?ne speed control sig 
nal representative of the comparison; 
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means. responsive to the coarse speed control signal 
and the ?ne speed control signal. for producing a 
composite speed control signal representative of 
the prescribed angular velocity at which the disc is 
to be rotated: and 

means. responsive to the composite speed control 
signal. for rotating the disc at the prescribed angu 
lar velocity. whereby the information stored 
thereon is recovered by the transducer at the pre 
scribed constant rate 

wherein the fine speed control means includes phase 
detector means for comparing the relative phase on 
gles of the periodic signal recovered from the disc and 
the periodic reference signal." 

said ?ne speed control signal has an average value repre 
sentative of the difference in the relative phase angles 
of the two periodic signals: 

said ?ne speed control means includes a phase-locked 
loop for detecting the periodic signal recovered from 
the disc: and 

said coarse speed control means and said means for 
producing the composite speed control signal are con 
structed with sufficient precision that the composite 
speed control signal produced thereby will cause the 
disc to be rotated at an angular velocity that results in 
the periodic signal in the recovered information having 
a frequency with the pull-in range of said phase 
locked loop, whereby said ?ne speed control means is 
always operable to produce the fine speed control 
signal for effecting a fine adjustment of the angular 
velocity of the disc. 

18. Apparatus as de?ned in claim 17, wherein: 
said means for producing a composite speed control 

signal includes 
means for summing together the coarse speed control 

signal and the ?ne speed control signal, to produce 
a composite voltage signal, and 

voltage-controlled oscillator means, responsive to the 
composite voltage signal, for producing the com 
posite speed control signal, said composite speed 
control signal having a frequency substantially 
inversely proportional to the composite voltage 
signal; and 

said means for rotating the disc is responsive to the 
frequency of the composite speed control signal. 

19. Apparatus as de?ned in claim 17, wherein the 
coarse speed control signal is substantially directly pro 
portional to the radius of the information track from 
which information is being recovered. 

20. Apparatus as de?ned in claim 19, wherein: 
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said transducer is movable radially relative to the 

disc. to be positioned in a prescribed relationship 
relative to the information track from which infor 
mation is being recovered; and 

said coarse speed control means includes a potenti 
ometer that is coupled to said transducer and that is 
adapted to produce the coarse speed control signal. 

21. Apparatus as de?ned in claim 17. wherein the 
composite speed control signal is substantially inversely 
proportional to the radius of the selected information 
track from which information is being recovered. 
whereby the apparatus operates to controllably rotate 
the storage disc at an angular velocity substantially 
inversely proportional to the radius of the selected track 
and the disc is moved relative to the transducer at a 
substantially constant linear velocity. 

22. Apparatus as de?ned in claim 21, wherein: 
said transducer is movable radially relative to the 

disc, to be positioned in a prescribed relationship 
relative to the selected information track; and 

said coarse speed control means includes a potenti 
ometer coupled to said transducer and adapted to 
produce the coarse speed control signal. 

[23. Apparatus as de?ned in claim 17. wherein: 
said ?ne speed control means includes phase detector 
means for comparing the relative phase angles of 
the periodic signal recovered from the disc and the 
periodic reference signal; and 

said ?ne speed control signal has an average value 
representative of the difference in the relative 
phase angles of the two periodic signals] 

24. Apparatus as de?ned in claim [23] l 7, wherein: 
the periodic signal recovered from the disc is a sepa 

rate pilot signal having a predetermined constant 
frequency. 

[25. Apparatus as de?ned in claim 23, wherein said 
?ne speed control means includes a phase-locked loop 
for detecting the periodic signal recovered from the 
disc] 

[26. Apparatus as de?ned in claim 25. wherein said 
coarse speed control means and said means for produc 
ing the composite speed control signal are constructed 
with sufficient precision that the composite speed con 
trol signal produced thereby will cause the disc to be 
rotated at an angular velocity that results in the periodic 
signal in the recovered information having a frequency 
within the pull-in range of said phase-locked loop, 
whereby said ?ne speed control means is always opera 
ble to produce the ?ne speed control signal for effecting 
a ?ne adjustment of the angular velocity of the disc] 

t l i t ‘ 


