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EXEMPLARY CLAM 

6. In combination in a system for reproducing video 
information from a rotatable medium where the me 
dium has characteristics at progressive positions along a 
spiral path for modifying energy directed at the medium 
in representation of video information previously re 
corded on the medium where the information recorded 
on the medium at each successive position along the 
spiral path represents substantially less than a complete 
visual image, 
means operatively coupled to the medium for pro 
ducing a continuous rotation of the medium, 

pickup means disposed relative to the medium includ 
1ng, 
means for directing energy a beam of energy 

having a radius not greater than approximately one 
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micron to enable the reproduction of the video in- of the means for directing energy and the means 
formation at the medium at each instant to obtain responsive to the modified energy in a direction 
a modification of the energy passing from the having a radial component to obtain a coarse track 
medium at that instant in accordance with the ing at each instant of the characteristics at the pro 
variations in the characteristics of the medium at gressive positions along the spiral path on the me 
the progressive positions along the spiral path, 
and 

means responsive to the modified energy at each 
instant for producing signals having characteristics 
representative at that instant of the information 
recorded at the progressive positions along the 
spiral path on the medium, and 

means operatively coupled to the pickup means for 
varying in synchronism at each instant the position 13 Claims, 6 Drawing Figures 

dium, and means for varying in synchronism at each 
instant the position of the signal producing means 
relative to the energy directing means to obtain a fine 
tracking along the spiral path on the medium. 
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PRODUCTION OF TELEVISION SIGNALS FROM 
PHOTOGRAPHC DSC RECORDINGS 

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

This is a continuation-in-part The original Pat No. 
3,381,086, upon which this reissue application is based, 
issued Apr. 30, 1968, upon application Ser. No. 217,408, 
filed Aug. 16, 1962, which was a continuation-in-part of 
then copending application Ser. No. 181,392 filed Mar. 
21, 1962, by Wayne R. Johnson for Transducing Sys 
tem, and now abandoned. 

FIELD OF THE INVENTION 

This invention relates to a system for recording infor 
mation such as video and audio information on a storage 
medium, such as a disc or tape, and for reproducing 
such information from the storage medium. 

BACKGROUND TO THE INVENTION 

Systems have been devised in recent years for record 
ing high frequency information on a storage medium 
and for attaining a subsequent reproduction of the infor 
mation from the storage medium. For example, infor 
mation has been recorded on a magnetic tape where the 
information constitutes video and audio signals having 
characteristics which respectively represent at each 
instant an image being viewed and the sounds emanat 
ing from the environment of the image. Signals are also 
recorded on storage media in representation of different 
scientific and mathematical information, including the 
readings of instruments and the values obtained from 
computations performed by digital computers. 
For the recording of high frequency information, the 

systems now in use generally employ magnetic tapes as 
the storage medium. These tapes have, in general, 
proved fairly satisfactory in recording signals represen 
tative of information and in obtaining the reproduction 
of the information. However, the fidelity of the record 
ing and reproduction is dependent upon the magnetic 
structure of the tape so that the magnetic tapes have to 
be manufactured with considerable precision. How 
ever, the information recorded on the magnetic tapes 
has a limited density of information packing so that a 
relatively great amount of tape is required to store the 
information represented, for example, by a television 
program having a duration of approximately a half 
hour. The limited density of information packing on the 
tape has resulted from limitations in the speed of re 
sponse of the magnetic transducer heads which are 
disposed in contiguous relationship to the tape. It has 
also resulted from limitations in the frequency at which 
information can be transferred between the magnetic 
transducer heads and the magnetic layers on the tape. 
The systems now in use generally dispose the trans 

ducing head adjacent to the tape to record information 
in magnetic form on the tape and to reproduce such 
magnetic information as electrical signals from the tape. 
The adjacent relationship between the transducing head 
and the tape causes the tape to rub occasionally against 
the head so that magnetic particles become removed 
from the tape and are deposited on the head to affect the 
operation of the head. The magnetic particles removed 
from the tape also tend to produce an abrasive action on 
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2 
the head so that the response characteristics of the head 
become permanently affected. 

It is difficult to use a magnetic tape as a master for the 
reproduction of a large quantity of identical tapes be 
cause of the wear on the tape and the adjacent heads 
and because of the considerable length of the tape re 
quired for the master. 

Systems using discs as the master would probably be 
more desirable than tapes since they tend to store infor 
mation in a more compact form than tapes. However, 
the disc systems of the prior art have generally involved 
a groove cut in a disc of plastic material, with variations 
in the walls of the groove representing the electrical 
information. 
The disc systems of the prior art have had certain 

important deficiencies. For example, the reproducing 
means has generally been in contiguous relationship 
with the disc. Actually, the reproducing means has 
constituted a needle which has contacted the groove in 
the disc to reproduce the information on the disc. This 
contact between the needle and the groove has tended 
to wear the disc after some copies have been made. 

SUMMARY OF THE INVENTION 

This invention provides a system using a storage 
medium such as a disc which is responsive to informa 
tion to be recorded so as to vary the light transmission 
characteristics of the disc in accordance with such in 
formation. For example, the light transmission charac 
teristics of the disc are varied in a spiral track during the 
recording operation by an electron beam whose charac 
teristics are controlled by signals representative of the 
incoming information. By way of illustration, the inten 
sity of the electron beam may be varied by adjusting the 
potential on the grid of an electron gun in accordance 
with the characteristics of the information to be re 
corded. Since the electron beam is projected toward the 
disc from a position removed from the disc, no fric 
tional forces are produced on the disc by the transduc 
ing action. 
The signals are reproduced from the disc by directing 

at the disc a light beam and by modifying the light beam 
in accordance with the light transmission characteristics 
previously provided at successive positions on the spiral 
track in the disc. The modified light beam is detected to 
obtain a recovery of the information previously re 
corded on the disc. By directing a light beam at the disc, 
the information on the disc can be reproduced without 
having any members directly engage the disc. In this 
way, no wear is produced on the disc during the repro 
duction of the information on the disc. 

In addition to the inventive features discussed above, 
the system constituting this invention also includes 
means for controlling the tracking of the reproducing 
means across the disc as information is received from 
the disc. A coarse control is provided for following the 
spiral track on the disc as the information is reproduced 
from the disc. A fine control is provided to center the 
reproducing means relative to the track as the informa 
tion is reproduced from the disc. 
Another important feature of the system constituting 

this invention results from the inclusion of electrical 
circuitry for insuring that the information is reproduced 
from the disc at substantially the same rate as the infor 
mation is recorded on the disc. This eliminates problems 
which have resulted from variations in the speed of the 
disc during the reproduction of information from the 
disc relative to the speed of movement of the disc dur 
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ing the recording of information on the disc. Such rela 
tive variations in the speed of movement of the disc 
have been designated as "flutter' and “wow.' These 
relative variations in the speed of movement of the disc 
have occurred for a number of reasons including instan 
taneous variations in the operation of the motor driving 
the disc. 

In addition to the inventive features in the system as 
described above, the disc used in conjunction with the 
system is also novel. In one embodiment, the disc is 
provided with a backing made from a suitable material 
to have characteristics of transmitting light. A thin 
coating of photographic emulsion is placed on the back 
ing. The photographic emulsion is sensitive to electrical 
energy so as to become exposed when subjected to an 
electron beam. The degree of exposure at each instant 
depends on the intensity of the electron beam at that 
instant. Because of this, the disc contains at progressive 
positions on the spiral track light transmission charac 
teristics which represent the variable intensity of the 
electron beam. 
The information is retrieved from the disc by direct 

ing a light beam through the disc. Since the disc has 
variable characteristics of transmitting light at succes 
sive positions on the disc, the intensity of the light beam 
passing through the disc at each instant is varied in 
accordance with the light transmission characteristics 
of the disc. 

It will be appreciated that the disc may be provided 
with variable characteristics of reflecting light rather 
than transmitting light. Under such circumstances, the 
reproducing means is operative upon the light reflected 
from the disc rather than the light transmitted through 
the disc. It will also be appreciated that other informa 
tion storage means such as a cylinder or even a tape may 
be used instead of the disc without departing from the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a circuit diagram, partly in block form, of a 

system for obtaining a recording of information on a 
disc and of apparatus for driving the disc; 
FIG. 2 is an enlarged sectional view of the storage 

medium such as the disc illustrated in FIG. 1; 
FIG. 3 is an enlarged fragmentary sectional view 

schematically illustrating the characteristics of the sig 
nals recorded on the disc; 
FIG. 4 is a circuit diagram, partly in block form, of a 

system for obtaining a reproduction of the information 
previously recorded on the storage medium, including a 
schematic representation of the apparatus for control 
ling the tracking of the reproducing means; 

FIG. 5 is a somewhat schematic elevational view of 
the mechanical details in the reproducing means to 
show how the reproducing means is disposed relative to 
the disc to obtain a reproduction of the information on 
the disc; and 

FIG. 6 is a somewhat schematic fragmentary per 
spective view further illustrating the apparatus for con 
trolling the tracking of the reproducing means. 

DETAILED DESCRIPTION 

In the recording system of FIG. 1, a disc 10 is driven 
by a motor 12 to rotate at a substantially constant speed. 
The disc is subjected to a beam of charged particles 14 
as it rotates. This beam 14 of charged particles is ob 
tained from an accelerating gun such as an electron gun 
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4. 
generally indicated at 16. The electron gun 16 includes 
a filament 18 which is constructed from a suitable mate 
rial to emit charged particles such as electrons when 
current flows through the filament. The current may be 
provided by a suitable source of direct voltage such as 
a battery 20, The filament 18 is shaped to direct the 
electrons in a bean toward the disc 10 as the disc ro 
tates. For example, the filament is provided with a pair 
of walls which converge in a direction toward the disc 
O. 
The electron gun 16 also includes a grid 22 which is 

disposed between the filament 18 and the disc 10 at a 
position adjacent to the filament. The grid 22 is adjust 
ably biased by connecting the grid to the movable arm 
of a high impedance potentiometer 24 and by connect 
ing the potentiometer 24 in series with a suitable source 
of voltage such as a battery 26. One terminal of the 
potentiometer 24 and the positive terminal of the bat 
tery 26 may be connected to a suitable reference poten 
tial such as ground. The grid 22 is provided with an 
aperture 28 at a position adjacent to the converging end 
of the filament 18 to provide for a shaping of the beam 
14 of charged particles. 
The electron gun also includes an anode 30 which is 

provided with an aperture 32 to further shape the beam 
14 of electrons. The anode 30 is connected to a voltage 
dividing network including a pair of resistors 34 and 36 
to receive a positive voltage of relatively great magni 
tude from a source 38 of direct voltage. For example, 
the voltage applied to the anode 30 may be in the order 
of -- 10,000 volts. 

In addition to the focusing action on the bean of 
electrons by the aperture 28 in the grid 22 and the aper 
ture 32 in the anode 30 further focusing actions may be 
produced as by magnetic lenses 40 and 42. Each of the 
lenses 40 and 42 may constitute a permanent magnet 
which is shaped as a hollow annular ring. The axis of 
the magnets 40 and 42 corresponds to the center of each 
of the apertures 28 and 32. 
With respect to the track to be recorded on the disc 

10, a first direction of the electron beam 14 is controlled 
by a pair of coils 44 and 46. A second direction of the 
electron beam 14 perpendicular to the first is controlled 
by a pair of coils 48 and 50. 
A final focusing action of the beam 14 is produced by 

magnetic lenses 52 and 54. Each of the lenses 52 and 54 
may constitute a permanent magnet which is shaped as 
a hollow annular ring. The axis of the magnets 52 and 54 
corresponds to the center of each of the apertures 28 
and 32 and to the axis at the lenses 40 and 42. 
As the disc 10 rotates it is driven in a radial direction 

by the driver 56. The driver may be a lead screw or a 
rack and pinion arrangement so as to impart the radial 
motion to the motor 12. The motor 12 is connected to 
the disc 10 and any motion of the motor 12 is transmit 
ted to the disc 10. The combination of the rotation of 
the disc 10 plus the radial motion produces a spiral track 
on the disc 10. 
The intensity of the beam 14 is controlled by varying 

the potential on the grid 22 of the electron gun in accor 
dance with the variations in the signal representing the 
information to be recorded on the disc 10. The video 
information is introduced to the grid 22 of the electron 
gun 16 through a coupling capacitor 58. 
The beam 14 impinges on the disc 10 to change the 

surface characteristics of the disc. As illustrated in FIG. 
2, the disc 10 has a backing member 100 which usually 
consists of a translucent plastic material. Deposited on 
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the backing member 100 is a photographic emulsion 
102. This emulsion is sensitive to energy from the elec 
tron beam 14 so as to become exposed where the elec 
tron beam hits the emulsion. The amount of exposure of 
the photographic emulsion 102 at each instant is depen 
dent upon the intensity of the beam 14 at that instant. 

FIG. 1 also includes circuitry for obtaining instanta 
neous corrections in eccentricity or off-center rotation 
of the disc 10. The disc 10 is provided with an outer 
coating of metal 60 around its peripheral edge. The 
coating of metal 60 serves as a common plate for two 
capacitors. The other plates are provided by elements 
62 and 64 which are angularly displaced from each 
other by 90 degrees around the periphery of the disc 10. 
As the disc rotates any eccentricities in the rotation 

varies the capacitance of the capacitor formed by the 
plate 62 and the coating 60 and the capacitor formed by 
the plate 64 and the coating 60. The capacitance formed 
between the plate 62 and the coating 60 is included in a 
frequency modulator 66 to control the modulator by 
varying the frequency of the output signal of the fre 
quency modulator 66 in accordance with variations in 
the value of the capacitance. Since the value of the 
capacitance varies at a frequency related to the speed at 
which the disc 10 is rotated, the signals produced by the 
modulator 66 are modulated at a frequency correspond 
ing to the speed of the rotation of the disc 10. 
The frequency modulator 66 is connected to a fre 

quency demodulator 68 to demodulate the frequency 
modulated signal. This causes the control signal from 
the frequency demodulator 68 to have an instantaneous 
amplitude in accordance with any eccentricities in the 
disc 10 and at each instant of time along the radial line 
extending from the center of the disc 10 to the plate 62 
and to have a frequency related to the speed of rotation 
of the disc 10. The control signal from the frequency 
demodulator 68 is, therefore, in synchronism with the 
rotation of the disc 10. 
The control signal passes through an adjustable atten 

uator 70 which is initially adjusted to provide a proper 
positioning of the beam and to compensate for any fixed 
errors which may be present in the system and the con 
trol signal is applied to the deflection coils 44 and 46. 
The signal supplied from the attenuator 70 to the coils 
44 and 46 provides indication of any eccentricity in the 
rotation of the disc 10 in the radial direction of the disc 
10. The coils 44 and 46 shift the beam on an instanta 
neous basis in the radial direction to compensate for any 
eccentricity in the rotation of the disc 10 along the 
radial line so that the beam is recorded on the disc 10 in 
a spiral path. 
The disc 10 is also corrected for eccentricity in rota 

tion in a direction substantially perpendicular to the 
radial line upon which the beam 14 is directed. This is 
accomplished by placing the plate 64 substantially 90 
degrees from the plate 62 so that the value of the capaci 
tance between the plate 64 and the coating 60 varies 
with eccentricity in rotation of the disc in the direction 
from the center of the disc 10 to the plate 64. Since the 
capacitance between the plate 64 and the coating 60 is 
included within a frequency modulator 72, variations in 
the value of the capacitance produce corresponding 
variations in the frequency of a signal from the modula 
tor 72. The signal is demodulated by a frequency de 
modulator 74 to produce a control signal in accordance 
with the magnitude of the eccentricity. The frequency 
demodulator 74 operates in a manner similar to that 
described above for the demodulator 68. 
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6 
The control signal from the demodulator 74 is applied 

to an adjustable attenuator 76. The adjustable attenuator 
76 operates in a similar manner to the adjustable attenu 
ator 70. The signal then passes to the deflection coils 48 
and 50 which are at right angles to the deflection coils 
44 and 46 to provide an instantaneous correction in the 
position of the beam 14 as it strikes the disc 10. This 
direction is along the spiral track on the disc 10. By 
instantaneously varying the position at which the beam 
is directed to the spiral track, the information becomes 
recorded at a substantially constant rate on the track in 
the spite of any eccentricities in the rotation of the disc 
10. 

It will be appreciated that other methods of determin 
ing eccentricity in the rotation of the disc 10 may be 
used. For example, magnetic means may be used to 
determine off-center rotation. Also, the field for deflect 
ing the electron beam 14 is illustrated as being produced 
by magnetic coils. However, it will be appreciated that 
the field may be produced by other means without 
departing from the scope of the invention. For example, 
the deflected field may be produced by capacitive plates 
which provide electrostatic action. 
FIG. 3 shows a fragmentary view of a portion of the 

surface pattern on the disc 10 to represent information 
which is recorded on the disc. The beam is focused to 
strike the disc in an area of approximately 1 micron 
radius, and the intensity of the beam determines 
whether the exposed area is light or dark. FIG. 3 shows 
variable density gradations in the exposure of the photo 
graphic emulsion 102. In the areas where the beam 14 
has a relatively high intensity, the photographic emul 
sion 102 has an optimul exposure and the track is trans 
parent to light, as indicated at 110 in FIG. 3. In other 
areas where the beam has a relatively low intensity, the 
exposure is slight and the track is relatively dark, as 
indicated at 12 in FIG. 3. 
As the information on the disc is reproduced, the 

light areas pass a relatively great amount of light in the 
beam 14 directed toward the disc, and the dark areas 
pass a relatively small amount of light in the beam. This 
causes the light beam to be modulated such that a light 
signal representative of the information on the disc is 
produced. It will be appreciated that the disc 10 is only 
illustrative of the information member which may be 
used. For example, cylinders and tapes may also be 
used. 
FIG. 5 shows a schematic elevational view of the 

mechanical structure used in obtaining a reproduction 
of information on the disc. The disc 10 is positioned on 
a turntable 200 which is driven by a motor 202 to rotate 
at a substantially constant speed. A U-shaped member 
20 is used as a pickup arm to house the reproducing 
equipment. The U-shaped member is driven by a rack 
and-pinion arrangement 206 in a direction substantially 
parallel to the flat face of the disc, as indicated by ar 
rows 209 in FIG. 5. The motion of the arrangement is 
provided by a motor 207. It will be appreciated that 
other means such as a lead screw arrangement may be 
used to drive the U-shaped member 204. This motion is 
provided to obtain the reproduction of the information 
on the spiral track on the disc. 
Also mounted on the U-shaped member 204 is a 

source of light 208. The source 208 includes a light bulb 
208a and a reflecting member 208b to direct a beam of 
light through a lens 210. The lens 210 focuses the light 
from the light source to a radius of approximately 1 
micron at the surface of the disc 10. The beam of light 
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passes through the disc 10 at each position with an 
intensity dependent upon the characteristics of the in 
formation recorded on the disc 10 at that position. The 
modulated beam of light then passes through a lens 
system 212 which enlarges the beam of light to a radius 5 
of approximately 100 microns. 
The modulated light beam is reflected by a polished 

mirror 214 which directs the beam of light to a mirror 
216 having two sides disposed at an acute angle relative 
to the beam and having a total height in FIG, 4 of ap- 10 
proximately 100 microns and having a width of approxi 
mately 100 microns. The modulated light beam is re 
flected from the mirror 216 in two directions to impinge 
on photocells 218 and 220. The photocells give an elec 
trical indication of the information on the disc 10. The 15 
signals received from the photocell 218 and from the 
photocell 220 are compared to control the operation of 
a driver 222. The driver 222 determines the position of 
the mirror 216and. This comparison also controls the 
movement of the rack-and-pinion 206 to provide a 20 
tracking of the information on the disc 10. 

FIG. 4 shows in block form the electrical stages for 
controlling the tracking of the information on the disc 
10. The reproducing apparatus is the same as that 
shown in FIG. 5 and has the same reference numerals, 25 
The signals from the photocells 218 and 220 pass respec 
tively through DC video amplifiers 300 and 302. The 
signals from the DC video amplifiers 300 and 302 are 
applied to a differential amplifier 304 which produces 
an output signal having an amplitude in accordance 30 
with any difference in the amplitude of the signals from 
the photocells 218 and 220. 
The amplitude of the signals applied to the differen 

tial amplifier 304 is dependent upon the position of the 
mirror 216. If the mirror 216 should be reflecting equal 35 
portions of the beam of light to the photocells 218 and 
220, it would be positioned in the center of the beam. 
Under such circumstances, there would be no output 
from the differential amplifier 304 to indicate that the 
reproducing means would have to be adjusted in posi- 40 
tion relative to the spiral groove on the disc 10. How 
ever, since the track on the disc 10 is spiral, the radial 
position of the track is constantly varying as the disc 
rotates. This causes an output signal to be constantly 
produced by the differential amplifier 304. This signal is 45 
applied to the tracking motor 207 which controls the 
movements of the rack-and-pinion arrangement 206. 
The arrangement 206 accordingly moves the reproduc 
ing means, including the light source 208, the lenses 210 
and 212 and the mirror 214, in a direction substantially 50 
parallel to the flat surface of the disc 10. The reproduc 
ing means are moved by the arrangement 206 in a direc 
tion for reducing the amplitude of the output signal 
from the differential amplifier 304. Since the tracking 
motor 207 has a relatively slow operation, it provides a 55 
coarse control over the tracking of the information on 
the disc 10. This corresponds to the progressive de 
crease in the radius of the track on the disc 10 because 
of the spiral configuration of the track. 
As a means of fine control over the tracking of the 60 

information on the disc 10, the two signals from the DC 
video amplifiers 300 and 302 are applied respectively to 
tubes 306 and 308. These tubes respectively receive 
plate potentials through resistors 310 and 312 from a 
source of voltage shown as B+. The output potentials 65 
on the plates of the tubes are applied to the driver 222, 
which controls the movement of the mirror 216. This is 
illustrated in FIG. 6. 

8 
The driver 222 includes a pair of mechanical linkages 

400 and 402 coupled to the mirror 216 and respectively 
coupled to control members 404 and 406. The control 
members 404 and 406 receive signals from the plates of 
the tubes 306 and 308 illustrated in FIG. 5. The mechan 
ical linkages 400 and 402 are connected to the mirror 
216 with an acute angle between the mechanical link 
ages and the beam of light passing from the mirror 214 
to the mirror 216. The mechanical linkages 404 and 
406 400 and 402, also extend in a direction substan 
tially parallel to the planar surface of the disc 10 and 
substantially perpendicular to the direction indicated by 
the arrows 209. The control members can be any form 
of electrical means which produce a mechanical move 
ment upon the introduction of an electrical signal. For 
example, the control members can be electrostatic, elec 
tromagnetic, ceramic or any other suitable means. The 
signals from the plates of the tubes 306 and 308 produce 
a movement of the mechanical members 400 and 402 to 
move the mirror 216. 
When the signals introduced to the control members 

404 and 406 are equal in amplitude, the components of 
the signals produced in the direction indicated as 
"tracking" in FIG. 6 cancel such that no force is pro 
duced on the mirror 216 in the "tracking' direction. 
However, when the signals introduced to the control 
members 404 and 406 are unequal in amplitude, the 
resultant forces produced on the mirror 216 by the 
members 404 and 406 in the direction indicated as 
"tracking' is unequal. This causes the mirror 216 to be 
moved in the direction indicated as "tracking' in FIG. 
6, and the amount of light received by each half of the 
mirror 216 in FIGS. 5 and 6 to become adjusted. In this 
way, an equal amount of light does become received by 
each half of the mirror and the beam 14 becomes 
centered relative to the spiral track on the disc 10 as the 
disc rotates. The centering of the beam is accomplished 
by a fine control provided by the members 404 and 406. 
The signal introduced to the control members 404 

and 406 also causes a force to be produced on the mirror 
216 in a direction indicated as "time' in FIG. 6. This 
corresponds to an annular direction along the flat sur 
face of the disc 10 and further corresponds to a direc 
tion perpendicular to the direction indicated as "track 
ing" and perpendicular to the direction of movement of 
the rack in the arrangement 206. The force is produced 
on the mirror 216 in the "time' direction by the addition 
of the forces produced in the control members 404 and 
406 in this direction and by the cancellation of the 
forces produced in the "tracking' direction. The force 
produced in the "time' direction is used to insure that 
the information in the spiral track on the disc 206 is 
reproduced at a substantially constant rate regardless of 
any instantaneous deviations in the speed of the motor 
202. 
The circuitry for controlling the production of the 

force on the mirror (206. 216 in the "time' direction is 
illustrated in FIG. 4. The circuitry includes an adder 
314 which receives the two signals from the DC video 
amplifiers 300 and 302 and which produces an output 
signal representing the sum of the two input signals. 
Because of this, the output signal from the adder 314 
effectively represents the average of the two signals 
introduced to the adder. Since the output signal from 
the adder is used as the video signal in providing a 
recovery of the information recorded on the disc, aver 
aging the two input signals is advantageous in minimiz 
ing errors. 
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The video signal produced by the adder 314 is also 
applied to a gate 316, the operation of which is con 
trolled by a pulse former 323. The signal passing 
through the gate 316 is introduced to a phase detector 
318 which also receives signals from an oscillator 320. 
The oscillator 320 operates generally at the same fre 
quency as the repetition rate of the sync pulse in the 
video signal from the adder 314. The output from the 
phase detector 318 is applied to an integrating circuit 
321 having a relatively long time constant. The output 
from the circuit 321 varies the bias on a control tube 
322. The control tube 322 controls the precise fre 
quency of operation of the oscillator 320. The pulse 
former 323 also receives signals from the oscillator 320 
to produce pulses at the same frequency as the signals 
from the oscillator 320. The pulses from the pulse for 
mer 323 are applied to the gate 316 to provide a gating 
operation, 
The entire video signal is applied to the gate 316. The 

gate 316 is biased against the passage of signals having 
amplitudes below a particular level such as the dotted 
line 362 shown in the video signal. Because of this bias, 
the gate can only pass the sync pulse 360 and can pass 
this pulse only upon the application of a gating pulse 
from the pulse former 323. The sync pulse passing 
through the gate 316 is then applied to the phase detec 
tor 318, which also receives sine waves from the oscilla 
tor 320. 
The output from the phase detector 318 has an ampli 

tude representative of the difference in phase from a 
particular relationship between the sync pulse from the 
gate 316 and the sine wave from the oscillator 320. The 
output from the phase detector 318 has a polarity which 
is representative of the direction of the difference in 
phase from the particular relationship of the sync pulse 
from the gate 316 and the sine wave from the oscillator 
320. The signal from the phase detector 318 passes 
through the integrating circuit 321 to control the bias 
applied by the circuit 321 to the control tube 322. Be 
cause of the long time constant of the integrating circuit 
321, the control bias applied to the control tube 322 can 
change only slowly. This causes the frequency of the 
oscillator 320 to change slowly and to maintain at the 
average repetition rate of the sync pulse 316 from the 
adder 314. 
The signal from the phase detector 318 is also applied 

as an error signal to the grid of a tube 324, the plate of 
which receives the B-- voltage through a resistor 326. 
The magnitude of the current flowing through the tube 
324 is dependent upon the amplitude of the error signal 
applied at the grid of the tube. The magnitude of the 
current flowing through the tube 324 controls the sup 
ply voltages for the tubes 306 and 308 since the three 
resistors 310,312 and 326 are all connected at a common 
point. This has the effect, therefore, of varying equally 
the amplitudes of the signals introduced to the control 
members 404 and 406 in the XY driver 222. 

Referring again to FIG. 6, the variations produced by 
the tube 324 in the amplitude of the signals introduced 
to the control members 404 and 406 affect only the 
position of the mirror 216 in the "time' direction and 
not in the “tracking" direction. The reason is that the 
variations in the signals cancel in the "tracking' direc 
tion. By varying the position of the mirror 216 in the 
"time' direction corresponding to the direction of the 
spiral track on the disc, errors resulting from deviations 
in the speed of the motor 202 are compensated. This 
results from the fact that variations in the speed of the 

O 

5 

25 

30 

35 

50 

55 

60 

65 

10 
motor 202 cause corresponding variations in the rate of 
production of the information in the spiral track on the 
disc. The variations in the position of the mirror 216 in 
the "time' direction also affect the rate at which the 
information in the spiral track on the disc 10 is being 
reproduced on an instantaneous basis. The variations in 
the disposition of the mirror 216 in the "time' direction 
affect the date rate of reproduction since the width 
of the mirror in the "time' direction is less than the 
width of the spot size being reflected by the mirror 214 
toward the mirror 216. 

It will be appreciated that the mirror 216 may be 
spring biased in the "time' direction by a member 440 
to impose a constant intermediate force on the mirror. 
When the composite force exerted on the mirror 216 in 
the "time' direction by the control members 404 and 
406 is less than that exerted by the spring 440, the mirror 
216 is moved in one of the two opposite "tracking' 
directions. The mirror 216 is moved in the other of the 
two opposite "tracking' directions when the composite 
force exerted on the mirror by the control members 404 
and 406 exceeds the force exerted by the spring 440. 

It will be apparent to those skilled in the art that the 
disc in the system described above may be provided 
with reflective characteristics rather than light trans 
missive characteristics. Under such circumstances, the 
backing member 100 of the disc 10 may have reflective 
characteristics, and the source 208 of light and the 
pickup means including the mirrors 214 and 216 may 
both be located on the same side of the disc 10. 

It will also be appreciated that other media than the 
disc 10 may also be used without departing from the 
scope of the invention. For example, the medium may 
constitute a cylinder with the track extending in a spiral 
direction around the annular periphery of the cylinder 
and along the axis of the cylinder. It will also be appre 
ciated that the information recorded on the medium 
may be other than visual. For example, digital informa 
tion and information representing variable outputs of 
instruments may also be recorded on the medium. 
Although this application has been disclosed and 

illustrated with reference to particular applications, the 
principles involved are susceptible of numerous other 
applications which will be apparent to persons skilled in 
the art. The invention is, therefore, to be limited only as 
indicated by the appended claims. 
What is claimed is: 

1. In combination for use with a medium having at 
successive positions variable characteristics represent 
ing information recorded on the medium of visual im 
ages to obtain the reproduction of such information 
where the variable characteristics of the medium con 
trol the amount of light passing from the medium upon 
the direction of light toward the medium and where the 
information recorded on the medium at each successive 
position represents substantially less than a complete 
visual image, 
means for providing a continuous movement of the 
medium to present the successive positions on the 
medium for the reproduction of the recorded infor 
mation, 

means disposed on one side of the medium for contin 
uously directing a beam of energy toward the me 
dium at each instant of time to obtain variations in 
the intensity of the energy at the instant passing 
from the medium at one of the successive positions 
in accordance with the characteristics of the me 
dium at that one of the successive positions, 
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means responsive to the variations in intensity of the 
beam of energy passing at each instant from the 
medium at one of the successive positions for con 
verting such energy into signals having character 
istics corresponding to the intensity of such energy 5 
at that instant, and 

means responsive to the energy passing from the 
medium at each instant for controlling the rate of 
presenting at that instant the successive positions 
on the medium for the passage of the energy at that 10 
instant to the converting means to obtain an accu 
rate reproduction of the information on the ne 
dium. 
2. The combination set forth in claim 1 wherein the 

energy is in the form of light and wherein the convert 
ing means include photoelectric means for producing 
electrical signals from the beam of light and wherein the 
medium is in the form of a thin film and wherein the 
means for producing a movement of the medium rotates 
the medium. 

3. In combination for use with a medium having at 
successive positions on a track variable characteristics 
representing information recorded on the medium of 
visual images to obtain the reproduction of such infor 
mation wherein the variable characteristics of the me 
dium at the successive positions control the intensity of 
energy passing from the medium upon the direction of 
energy toward the medium and wherein the medium is 
in the form of a thin film and wherein the means for 
producing a movement of the medium rotates the me 
dium, 

first means for producing a continuous rotation of the 
medium, 

second means disposed relative to the medium for 
directing energy toward the medium at each in 
stant to obtain variations in the energy passing 
from the medium at each instant in accordance 
with the variations in the characteristics of the 
medium at one of the successive positions along the 40 
track at that instant, 

third means responsive to the energy passing at each 
instant from the track at the successive positions 
for producing signals in accordance with the varia 
tions in the energy passing from the track at that 45 
one of the successive positions along the track at 
that instant, the third means being variably posi 
tioned relative to the medium at each instant in a 
direction having a radial component for obtaining 
the response of the third means only to the light at 50 
the successive positions on the track, and 

fourth means responsive at each instant to the signals 
produced by the third means for varying at that 
instant the position of the third means relative to 
the medium in the direction having the radial com- 55 
ponent for obtaining the response of the third 
means only to the light at the successive positions 
on the track. 
4. In combination for use with a medium having at 

successive positions on a track variable characteristics 60 
representing information recorded on the medium of 
visual images to obtain the reproduction of such infor 
mation wherein the variable characteristics of the me 
dium control the intensity of energy passing from the 
medium upon the direction of energy toward the me- 65 
dium and where the information recorded on the me 
dium at each successive position represents substantially 
less than a complete visual image, 

25 

12 
first means for producing a movement of the medium 

along the track of information recorded on the 
medium, 

second means disposed relative to the medium for 
directing energy at the medium to obtain a modifi 
cation of intensity of the energy passing from the 
medium in accordance with the variations in the 
characteristics of the medium at successive posi 
tions along the track of the medium, 

third means responsive to the modified energy pass 
ing from the medium for dividing the modified 
energy into two component portions each having 
an intensity in accordance with the modification of 
the energy by the medium at successive positions 
along the track of the medium, 

means responsive to the energy in at least one of the 
component portions for converting such energy to 
the information previously recorded on the me 
dium, and 

means responsive to the two component portions of 
the modified energy for positioning the third means 
relative to the medium in a direction transverse to 
the presentation of the successive positions on the 
track in accordance with any difference in intensity 
between the two component portions of the modi 
fied energy to obtain the energy beam passing from 
the track in a particular disposition relative to the 
third means. 
5. In combination for use with a medium having at 

Successive positions on a track variable characteristics 
representing information recorded on the medium of 
visual images to obtain the reproduction of such infor 
mation wherein the variable characteristics of the me 
dium control the intensity of energy passing from the 
medium upon the direction of energy toward the me 
dium and wherein the medium is in the form of a thin 
film and wherein the means for producing a movement 
of the medium rotates the medium, 
means operatively coupled to the medium for rotat 

ing the medium, 
means disposed relative to the medium for directing 

energy at the medium, 
means disposed relative to the medium for detecting 

the energy passing from the successive positions in 
the track on the medium, 

reproducing means operatively coupled to the detect 
ing means for dividing the detected energy into 
two component portions having relative intensities 
representative of the positioning of the detecting 
means relative to the track on the medium, the 
detecting means being variably positioned relative 
to the medium to obtain a tracking by the detecting 
means of the track on the medium, 

means responsive to any difference in intensity be 
tween the two component portions of the detected 
energy for varying the position of the detecting 
means relative to the medium to minimize such 
differences in intensity between the two compo 
nent portions, and 

means responsive to the detected energy for convert 
ing such energy into the information previously 
recorded on the medium. 

6. In combination in a system for reproducing video 
information from a rotatable medium where the me 
dium has characteristics at progressive positions along a 
spiral path for modifying energy directed at the medium 
in representation of video information previously re 
corded on the medium where the information recorded 
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on the medium at each successive position along the spiral track where the information recorded on the 
spiral path represents substantially less than a complete medium at each successive position along the spiral path 
visual image, represents substantially less than a complete visual im 
means operatively coupled to the medium for pro- age, a system for reproducing the information in the 
ducing a continuous rotation of the medium, 

pickup means disposed relative to the medium includ 
ing, 

means for directing energy a beam of energy hav 
ing a radius not greater than approximately one mi 
cron to enable the reproduction of the video informa- 10 signals having characteristics representative of the 
tion at the medium at each instant to obtain a modi- information in the spiral track on the member dur 
fication of the energy passing from the medium at ing the rotation of the member, the second means 
that instant in accordance with the variations in the being movable relative to the medium in a direction 
characteristics of the medium at the progressive having a radial component to obtain a tracking by 
positions along the spiral path, and 15 the second means of the information in the spiral 

means responsive to the modified energy at each track on the annular member, 
instant for producing signals having characteristics differential means responsive to the first and second 
representative at that instant of the information signals for comparing the characteristics of the 
recorded at the progressive positions along the signals to produce a control signal in accordance 
spiral path on the medium, Land 2O with any difference between such characteristics, 

means oEtyey, coupled to EEE fO driving means responsive to the control signal from 
"R", "Etd SA the differential means for varying the position of 

- the second means in the direction having the radial responsive to the modified energy in a direction a a 
havi dial component to obtain a coarse track- 25 component to minimize the control signal and to naving a radial compone obtain a tracking by the second means of the spiral ing at each instant of the characteristics at the pro r track on the member, and 
gressive positions along the spiral path on the me- nsive to at least f the first and sec 
dium, and means for varying in synchronism at each ma. E. S. least one o al 
instant the position of the signal producing means E. signals t aning E. CO. Of the 
relative to the energy directing means to obtain a fine 30 9 tEPE C AEYEd 
tracking along the spiral path on the medium. 1. P s 
7. In Goint i. yer for reproducing infor- Ingmans Posive to at least one of the first and 

mation from a rotatable medium where the medim has second signals the modified energy at achinstant for characteristics along a spiral path for modifying energy varying the position of the second disposition of the 
directed at themedium in representation of information 35 signal Producing mean "elative, to the bear directing 
previously recorded on the medium where the informa- "S" the annular rotatable direction along the 
tion recorded on the medium at each successive position spiral track to obtain a reproduction of information 
along the spiral path represents substantially less than a EE th.R 2. sponding to the recording 
complete visual image, of the information on the track. 

first prislysis, he medium for EAE roducing a rotation of the medi 
se E. disposed E. medium for tion recorded on the member at progressive positions in 

directing energy at the medium to obtain a modifi- a spiral track in the annular direction, a system for re 
cation of the energy passing from the medium in producing the information in the spiral track as the 
accordance with the variations in the characteris- 45 annular member rotates, including, 
tics along the spiral path on the medium, means disposed relative to the annular member for 

third means responsive to the modified energy pass- directing energy at the member, 
Ethiopia. "AEEE each having a magnitude in accordance with the 

modification of E. energy by the medium and in 50 the member at the progressive positions in the spi 
accordance with the disposition of the third means ral track on the member, 
relative to the spiral path on the medium, the third eaS E.g. coupled to the E. t S. 
means being movable relative to the medium in a producing information in accordance with the 
direction having a radial component for obtaining a characteristics of the energy received by the re 
EE his means of the information in 55 f ceiving means, led to th 
the spiral path on the medium, irst means operatively coupled to the annular mem 

means responsive to any differences between the two ber for driving the member in the annular direction 
component portions of the modified energy for relative to the receiving means, A. 
positioning the third means relative to the medium second means operatively coupled to the receiving 
in E. its, having Safe Epst in 60 driving the pring Asde a sec accordance with any such difference to obtain a Ond direction transverse to the annular direction 
tracking by the third means of the spiral path on the and defining the spiral track with the annular direc 
medium, and tion, 

means responsive to at least one of the signals in the third means responsive to the received energy and 
pair for reproducing the information previously 65 disposed relative to the receiving means for pro 
recorded in the spiral path on the medium. 
8. In combination for use with a rotatable member 

and having information recorded on the member in a 

5 spiral track as the member rotates, including, 
first means operatively coupled to the annular mem 

ber for producing a rotation of the member, 
second means disposed in spaced relationship to the 

annular member for producing first and second 

ducing first and second signals each having charac 
teristics representing the received energy at each 
instant, 
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means operatively coupled to the second means and 
responsive to any differences in the characteristics 
of the first and second signals for controlling the 
operation of the second means to obtain move 
ments of the receiving means in a direction for 
reducing any such differences and for obtaining a 
tracking by the receiving means of the spiral track 
on the annular member, and 

means operatively coupled to the third means and 
responsive to at least one of the first and second 
signals for varying the positioning of the third 
means in a third direction transverse to the second 
direction and the annular direction and along the 
spiral track in accordance with the characteristics 
of such signals to obtain the reproduction of the 
information in the spiral track at a rate related to 
the recording of the information in the spiral 
track. 
11. The system set forth in claim 10, including, 

means responsive to at least one of the first and second 
signals and operatively coupled to the third means for 
varying the position of the third means in a direction for 
reducing any differences in the characteristics of the 
first and second signals. 

12. The combination set forth in claim 76 wherein 
the second means means for directing a beam of en 
ergy are disposed relative to the medium for directing 
light energy at the medium and wherein the third 
means said means responsive to said modified energy are 
responsive to the modified light energy passing from the 
medium. 

13. The combination set forth in claim 4 wherein 
the second means are disposed relative to the medium 
for directing light energy at the medium and wherein 
the third means are responsive to the light energy pass 
ing from the medium. 

14. The combination set forth in claim 3 wherein 
the medium is in the form of a thin disc. 

15. In combination in a system for reproducing video 
information from a rotatable medium where the me 
dium has characteristics along a spiral path in the direc 
tion of rotation for modifying energy directed at the 
medium in representation of video information previ 
ously recorded on the medium where the information 
recorded on the medium at each successive position 
along the spiral path represents substantially less than a 
complete visual image, 
means operatively coupled to the medium for contin 

uously producing a rotation of the medium, 
means disposed relative to the medium for directing 

energy a beam of energy having a radius not 
greater than approximately one micron at the me 
dium at each instant to obtain a modification of the 
energy passing from the medium at that instant in 
accordance with the variations in the characteris 
tics of the medium along the spiral path, corre 
sponding to the recorded video information, 

means responsive to the modified energy at each 
instant for producing signals having characteristics 
representative of the video information recorded at 
the successive positions in the spiral path on the 
medium, and 

means responsive to the signals produced by the last 
mentioned means at each instant for varying the 
position of the energy-responsive means relative to 
the energy directing means at that instant in a direc 
tion having a radial component to obtain a fine 
tracking by the energy-responsive means of the 
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characteristics at successive positions in the spiral 
path on the medium. 

16. In combination for use with a medium having at 
successive positions variable characteristics represent 
ing video information recorded on the medium of visual 
images to obtain the reproduction of such video informa 
tion wherein the variable characteristics of the medium 
control the amount of energy passing from the medium 
upon the passage of energy from the medium and 
wherein the information recorded on the medium at 
each successive position represents substantially less 
than a complete visual image, 

first means for providing a continuous movement of 
the medium to present the successive positions on 
the medium for the reproduction of the recorded 
information, 

second means disposed on one side of the medium for 
continuously directing a beam of energy having a 
radius of not greater than approximately one micron 
toward the medium at each instant to obtain varia 
tions in the intensity of the energy passing from the 
medium at that instant at one of the successive 
positions in accordance with the characteristics of 
the medium at that one of the successive posi 
tions, corresponding to the recorded video infor 
nation, 

third means responsive to the energy passing from the 
medium at each instant at one of the successive 
positions on the medium for producing information 
in accordance with the characteristics of such en 
ergy, 

fourth means for providing for variations in the posi 
tion of at least one of the second and third means in 
a direction corresponding to the direction of the 
movement of the medium, and 

fifth means operatively coupled to the third means 
and to the fourth means for obtaining at each in 
stant variations in the positions of at least one of the 
second and third means by the fourth means in the 
direction corresponding to the direction of move 
ment of the medium in accordance with the pattern 
of the information produced at each instant by the 
third means. to obtain a substantially constant 
rate of reproduction. 

17. The combination set forth in claim 16 wherein the 
information is recorded in a spiral path on the medium 
and wherein the medium is rotated by the first means 
and wherein means are provided for obtaining move 
ments of the medium relative to the second and third 
means in a direction having a radial component to ob 
tain the reproduction of the information in the spiral 
path on the medium. 

18. In combination for use with a medium having at 
successive positions along a track variable characteris 
tics representing information recorded on the medium 
of visual images to obtain the reproduction of such 
information wherein the variable characteristics of the 
medium at the successive positions along the track con 
trol the amount of energy passing from the medium 
upon the direction of energy toward the medium and 
wherein the information recorded on the medium at 
each successive position represents substantially less 
than a complete visual image, 

first means for providing a movement of the medium 
in a first direction corresponding to the successive 
positions along the track on the medium, 

second means disposed relative to the medium for 
continuously directing a beam of energy at each 
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instant toward the track on the medium to obtain a 
continuous passage of energy from the medium at 
that instant at one of the successive positions along 
the track in accordance with the characteristics of 
the medium at these successive positions, 

third means disposed relative to the medium for re 
ceiving at each instant the energy passing from the 
medium at one of the successive positions along the 
track on the medium and for producing at that 
instant electrical signals having characteristics in 
accordance with the intensity of the energy at that 
one of the such successive positions, 

fourth means operatively coupled to the second and 
third means for producing at that instant a variable 
force on at least one of the second and third means 
to vary the position at each instant of at least that 
one of the second and third means along the track 
in accordance with variations in this force, 

fifth means operatively coupled to the third and 
fourth means and responsive at each instant to the 
pattern of the electrical signals produced by the 
third means for obtaining variations at that instant 
in the force provided by the fourth means on at 
least that one of the second and third means, and 

sixth means operatively coupled to the third means 
for continuously producing information at each 
instant in accordance with the characteristics of the 
electrical signals at that instant. 

19. The combination set forth in claim 18 wherein the 
successive positions along the track define a spiral and 
wherein means are provided for producing a movement 
of the medium relative to the second and third means in 
a direction along the medium but transverse to the suc 
cessive positions along the track to obtain the reproduc 
tion of the information at the successive positions along 
the spiral track. 

20. In combination for use with a medium having at 
successive positions along a spiral track variable charac 
teristics representing information recorded on the me 
dium to obtain the reproduction of such information 
wherein the variable characteristics of the medium at 
the successive positions along the track control the 
amount of energy passing from the medium upon the 
direction of energy toward the medium, 

first means for providing a movement of the medium 
in a first direction corresponding to the successive 
positions along the track on the medium, 

second means disposed relative to the medium for 
continuously directing a beam of energy toward 
the medium at each instant to obtain a passage of 
energy from the medium at that instant at one of 
the successive positions along the track in accor 
dance with the characteristics of the medium at 
that one of the successive positions, 

third means disposed relative to the medium for con 
tinuously receiving the energy passing from the 
medium at each instant at one of the successive 
positions along the track on the medium and for 
producing at that instant electrical signals having 
characteristics in accordance with the intensity of 
the energy at that one of such successive positions, 

fourth means operatively coupled to the second and 
third means for obtaining a movement of the sec 
ond and third means in a second direction trans 
verse to the successive positions along the track but 
substantially parallel to the medium to provide a 
spiral scan of the medium by the second and third 
means, 
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fifth means operatively coupled to the fourth means 
and to the third means and responsive to the pat 
tern of the electrical signals produced at each in 
stant by the third means for obtaining variations in 
the rate of movement of the second and third 
means in the second direction at that instant in 
accordance with the pattern of such signals to ob 
tain a tracking by the second and third means of the 
successive positions along the spiral track of the 
medium, and 

sixth means operatively coupled to the third means 
for producing information in accordance with the 
characteristics of the electrical signals. 
21. The combination set forth in claim 20 wherein 

the third means are variably positioned in a third direc 
tion transverse to the medium to provide adjustments in 
the position at which energy is received by the third 
means from the medium and wherein means are opera 
tively coupled to the third means and are responsive to 
the electrical signals produced by the third means for 
varying the position of the third means in the third 
direction in accordance with the characteristics of the 
electrical signals to maintain the third means centered 
on the spiral track. 

22. In combination for use with a medium having at 
successive positions along a spiral track variable charac 
teristics representing information recorded on the me 
dium to obtain the reproduction of such information 
wherein the variable characteristics of the medium at 
the successive positions along the track control the 
amount of energy passing from the medium upon the 
direction of energy toward the medium, 

first means for providing a movement of the medium 
in a first direction corresponding to the successive 
positions along the track on the medium, 

second means disposed relative to the medium for 
directing a beam of energy toward the medium to 
obtain a passage of energy from the medium at the 
successive positions along the spiral track in accor 
dance with the characteristics of the medium at 
these successive positions, 

third means disposed relative to the medium for con 
tinuously receiving at each instant the energy pass 
ing from the medium at the successive positions 
along the spiral track on the medium and for con 
tinuously producing at that instant first and second 
electrical signals each having characteristics at that 
instant in accordance with the intensity of the en 
ergy passing from the medium at such successive 
positions along the spiral track and each having at 
that instant an intensity relative to that of the other 
signal dependent upon the position of the third 
means relative to the spiral track in a second direc 
tion transverse to the successive positions on the 
track but substantially parallel to the medium, 

fourth means operatively coupled to the third means 
for producing at each instant information in accor 
dance with the characteristics of at least one of the 
first and second electrical signals at that instant, 

fifth means operatively coupled to the third means 
and responsive to the first and second electrical 
signals for producing a control signal at each in 
stant in accordance with the difference in the inten 
sity of the first and second electrical signals at that 
instant of time, 

sixth means operatively coupled to the second and 
third means for producing a movement of the sec 
ond and third means in the second direction, and 
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seventh means operatively coupled to the fifth and 
sixth means for varying the rate of movement of 

20 
duction of information from the track on the medium at 
each instant, 

the second and third means by the fifth means at 
each instant in accordance with the characteristics 

65 

25. The combination set forth in claim 6, including, 
means operatively coupled to the pickup means for vary 

- 5 ing in synchronism at each instant the position of the 
of the control signal produced by the sixth means at E.energy relative to the means Once the 
that instant. modified energy in the direction of the spiral track to 
23. The combination set forth in claim 22, including, obtain the production of the signals at a controlled 

eighth means operatively coupled to the third means rate. 
for obtaining a variable displacement of the third 10 26. The combination set forth in claim 15, including, 
means in a third direction transverse to the medium means responsive to the produced signals at each instant 
and transverse to the successive positions along the for varying the disposition of the energy responsive 
spiral track on the medium for varying the relative means relative to the beam directing ears at that 
characteristics of the first and second electrical instant in the spiral direction to obtain the production 

5 of the information signals at a controlled rate. 
signals, and 27. The combination set forth in claim 19 wherein 

ninth means operatively coupled to the eighth means the fifth means are responsive to the signals produced by 
and to the third means for obtaining variations in the third means at each instant for obtaining varia 
the displacement of the third means by the eighth tions in the transverse direction at that instant in the 
means in the third direction in accordance with the 20 force provided by the fourth means on at least that one 
relative characteristics of the first and second elec- of the second and third means. - 
trical signals to provide substantially equal charac- 28. The combination set forth in claim 19 wherein 
teristics for the first and second electrical signals. the fifth means are responsive to the signals produced by 

- the third means at each instant for obtaining varia 
24. The combination set forth in claim 19 wherein the tions in the spiral direction at that instant in the force 

second means are constructed to continuously direct provided by the fourth means on at least that one of 
the beam of energy toward the track on the medium in the second and third means, 
a controlled direction to obtain the continuous repro 
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