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VIDEO RECORDING AND REPRODUCING SYS-
TEM WITH PHOTOCONDUCTIVE SWITCHING
OF TRANSDUCING ELEMENTS

Marvin Camyas, Glencoe, Iil,, assignor to IIT Research
Institute, Chicago, I, a corporation of Illinois
Filed Oct. 7, 1963, Ser. No, 314,327
42 Claims., '(Cl. 178—6.6)

This invention relates to a multiple channel recording
and/or a playback system and particularly to an elec-
tronic image recording and playback head for recording
and reproducing with the use of a scanning electron
beam.

Present commercial magnetic video recorders utilize a
mechanical scanning system wherein a series of magnetic
heads rotate in a plane disposed transversely to the direc-
tion of movement of a magnetic record tape so that each
head moves across the width of the tape in succession in
scanming contact therewith, Such mechanical scanning
systems have the disadvantage of rapid wear of tape and
heads.

An electron beam scanning system is proposed in my
U.S. Patent No. 2,900,443, issued Aug. 18, 1959, which
provides greatly reduced wear since this system utilizes a
series of stationary head units disposed across the width of
the magnetic tape instead of moving heads. Experimental
work with the electron beam scanning system is discussed
in a paper entitled “Experiments With Electron Scanning
for Magnetic Recording and Playback of Video,” pre-
sented before the Institute of Radio Engineers in March
1963 and published in the IEEE Transactions on Audjo,
May-June 1963. As discussed in this paper, one of the
most difficult problems from the constructional standpoint
is the sealing of the multiplicity of fine wires which con-
duct the beam current from the interior of the special elec-
tronic tube to the respective head units at the exterior of
the tube.

Video recorders have also been proposed involving dis-
tribution of the video signal over a series of channels of
a magnetic record medium by means of electronic switch-
ing with individual gating circuits and the like for each
channel, but such systems have been too complex and
expensive to supplant mechanical video recorders.

It is an important object of the present invention to pro-
vide an electronic type recording and playback system
which does not require the conducting of electric signal
currents or magnetic signal fields through a wall of an
electronic tube and yet which avoids the need for indi-
vidual gating circuits and the like in association with each
of the transducer head units.

Another object of the invention is to provide an elec-
tronic type area recording and/or playback system of
simplified construction and reduced cost.

A further object of the invention is to provide a single
electronic transducer assembly capable of both recording
and playback operation.

Still another object of the present invention is to pro-
vide a simple and economical electronic type of magnetic
recording and playback system capable of being con-
structed largely from readily available components. -

A still forther object of the invention is to provide a
multiple channel magnetic transducer head capable of
manufacture by greatly simplified procedures.

Yet another object of the invention is to provide an
improved method of making a multiple channel transducer
head comprising a series of head units having individual
windings coupled therewith.

Still another and further object of the present inven-
tion is to propose an improved video recording and play-
back system capable of transducing television signals hav-
ing a line rate of the order of 15,750 cycles per second
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with reduced head and tape wear as compared to present
mechanical systems.

A feature of the present invention resides in the pro-
vision of a radiant energy coupling between a modulated
scanning beam within an electron tube and a series of
transducer head units exterior to the tube with the radiant
energy being transmitted through a structural wall of the
tube and varying in intensity in accordance with the sig-
nal to be recorded.

Another feature of the invention resides in the pro-
vision of a playback head wherein a scanning beam with-
in an electronic tube conirols the sequential activation
of a series of head units exterior to the tube by means of
a radiant energy coupling between the scanning beam and
a series of radiant energy responsive switch elements in
series with the windings of the respective head units.

A further feature of the invention resides in the pro-
vision of a multiple track magnetic head assembly hav-
ing a magnetic core part on which a series of individual
windings may be wound simultaneously by rotation of
the magnetic core.

While it is contemplated that the present inventicn is
particularly advantageous in recording and reproducing
signals ‘on a magnetic record medinm, it will be apparent
that the system is directly applicable to other modes of
recording such as electrostatic recording as disclosed in
my U.S. Patent No. 3,040,124, issued June 19, 1962.

Other objects, features and advantages of the present
invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings, in which:

FIGURE 1 is a composite diagrammatic view illustrat-
ing a magnetic recording system in accordance with the
present invention;

FIGURE 2 is a fragmentary perspective view illustrat-
ing details of one form of transducer system in accord-
ance with the embodiment of FIGURE 1,

FIGURE 3 is a fragmentary diagrammatic view illus-
trating the system of FIGURE 1 as applied to playback
operation;

FIGURE 4 is a fragmentary somewhat diagrammatic
plan view of a preferred magnetic recording and playback
system in accordance with the embodiment of FIG-
URE 1;

FIGURE 5 is a fragmentary somewhat diagrammatic
vertical sectional view taken generally along the line
V—YV of FIGURE 4;

FIGURE 6 is a fragmentary diagrammatic vertical sec-
tional view taken generally in the direction of tape move-
ment and at right angles to the sectional view of FIG-
URE 5; and

FIGURE 7 is a partial elevational view illustrating a
step in the formation of the preferred magnetic head
assembly for use in the system of the present invention.

FIGURE 1 illustrates a magnetic recording system in
accordance with the present invention. In this system,
a magnetic tape 10 is moved in the direction of arrows
11 and 12 at constant speed past a magnetic transducer
head assembly indicated generally by the reference numer-
al 14. The transducer head assembly comprises a series
of magnetic head units such as indicated at 15-21, each
comprising a pair of pole portions having tape contact~
ing surfaces engaging the active undersurface of the mag-
netic tape 10 and separated by a non-magnetic gap.

Each of the head units 15-21 is coupled with an elec-
tric’ circuit comprising conductor parts such as 15¢-21a.
The conductors 154-21a are indicated as being coupled
with the respective head units 15-21 and being connected
to a bus bar 24 while further conductors such as 22 and
23 are indicated as being spaced from the conductors
15a-21a and connected to a bus bar 25. The conductors
15a-21a may link the head units with a single turn
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or with multiple turns in the form of a coil or winding
encircling a portion of the magnetic core of the head
unit. A current supply means is indicated at 27 for
establishing a potential difference between the bus bars
24 and 25. In the illustrative embodiment, the spaces
between the successive conductor pairs extending from
bus bars 24 and 25 are occupied by photoconductive
material such as indicated at 30 and 31. By way of ex-
ample, the recording system may further comprise a
cathode ray tube 33 for generating successive line type
light images such as indicated at 34a-34g suitable for
activating the photoconductive material such as indicated
at 30 between the successive conductor pairs such as 15a
and 22 in sequence.
indicated at 35 for enclosing the fluorescent face 36 of
cathode ray tube 33 and the target of photconductive ma-
terial such as indicated at 30. In the illustrated embodi-
ment, the greatest practicable amount of light emitted
by the fluorescent face 36 may impinge on only a single
photoconductive region such as indicated at 30 or on a
pair of such regions as 30 and 31 at a given instant of
time.

By way of example, the signal to be recorded may be
supplied from a signal source 37 to the control grid 38
of the cathode ray tube 33 to modulate the infensity
of the electron beam within the cathode ray tube so as
to correspondingly modulate the intensity of the light
image directed onto each of the photoconductive regions
such as 30.

For increasing the light output from the cathode ray
tube, the cathode ray beam may be broadened in the
vertical direction by a very high frequency vertical sweep
or preferably by the use of a beam of sheet configura-
tion such as is produced by a cathode indicated at 39
within the cathode ray tube of elongated vertical dimen-
sion corresponding to the vertical dimension of the
photoconductive material such as indicated at 30. The
photoconductive regions may be arranged on the fluo-
rescent face 36 of the cathode ray tube directly, or a lens
such as the cylindrical lens indicated at 4¢ may be used
between the tube face 36 and the regions of photoconduc-
tive material such as indicated at 30 for fine line focus
of the light energy on the successive photoconductive
regions such as 30, or for accommodating a different
size of photoconductive regions as compared with the
lines of light energy such as indicated at 34a-34g pro-
duced on the face 36 of the cathode ray tube.

The pattern of magnetization of the tape 10 (at the
undersurface thereof) has been indicated in FIGURE 1.
Thus, if the scanning beam of the cathode ray tube 33
moves from right to left as viewed in FIGURE 1 as
indicated by the arrow 41 during its active sweep, head
unit 15 is first energized when the scanning beam is pro-
ducing a fluorescent output such as indicated at 34a
on the face 36. If a lens such as 40 is not used then the
scanning direction of the cathode ray beam will be op-
posite to .that indicated by the arrow 41 in order to se-
quentially energ'ize the head -units 15-21. The light
energy may impinge successively on regions of photo-
conductive material such as indicated at 3¢ and 31 lo-
cated respectively between conductor 22 and conductor
15q and between conductor 15z and conductor 23. The
photoconductive material at regions 3¢ and 31 when
illnminated exhibits a relatively low impedance, and cur-
rént supply 27 produces an activating current in the
electric circuit extéending from bus bar 24 through con-
ductor 15a, through conductors 22 and 23 to bus bar 25.
By way of exaiple, the intensity of the electron beam in
the cathode ray tube 33 may be modulated in accordance
with the signal 16 be recorded so that the head unit 15
will produce a recorded field such as indicated at 50 on
the magnetic tape 10 havmv an intensity in accordance
with the value of theé Signal to be recorded at the in-
stant that the electron beam is produeing the light
image indicated at 34a:
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At a succeeding instant of time, the electron beam of
the cathode ray tube 33 is producing a light image as
indicated at 34b at the fluorescent face 36. Correspond-
ingly, the regions of photoconductive material on either
side of conductor 18§« may be illuminated so as to provide
for activation of the head unit 16. The intensity of the
recorded trace indicated at 51 and produced by the head
unit 16 will reflect the instantaneous intensity of the sig-
nal supplied from signal source 37 to the control grid 38
of the cathode ray tube 33. Similarly, when the eleciron
beam of the cathode ray tube is producing successive light
images as indicated at 34c-34g, head units 17-21 respec-
tively will be activated.

It will be understood that a group of seven head units
has been illustrated solely by way of example, and that
the number of head units may be selected in accordance
with the desired application. For example, there might
be sufficient head units to récord a line of a television sig-
nal with adequate resolution. The decay time or screen
persistence of the fluorescent face 36 should be related to
the scanning rate of the series of head units such as 15-21
so that the first head unit 15 will be deactivated at the
beginning of a further cycle. Thus, in the case of a tele-
vision signal having a line frequency on the order of
15,750 cycles per second, the fluorescent material at end
wall 36 should have a decay time or screen persistence on
the order of Y45 oo0 second or less so as to be ready for the
next sweep, aithough a slower decay with some blurring
might be tolerable. Similarly the decay of photoconduc-
tivity of the photoconductive material must be fast enough
so that a given region such as indicated at 30 will be ready
for the next sweep of the scanning beam of the cathode
ray tube 345750 second later. Satisfactory pictures may
be obtained where decay in the conductivity of the photo-
conductive regions such as 30 to 10% of maximum con-
ductivity occurs within %45 750 second, but the rate of de-
cay of the fluorescent face and photoconductive regions
may vary over a wide range depending on conditions
of use.

The magnetic fields recorded by the successive head
units 15-21 have been indicated at S6-56 for a single
scan of the electron beam of cathode ray tube 33. When
the electron beam of the cathode ray tube is scanned across
the tube face cyclically at a rate synchronized with the
line rate of a television signal, the successive head units
such as 15-21 will record columns of magnetic fields ex-
tending in the direction of movement of the tape as indi-
cated in FIGURE 1. The successive magnetic fields on
the tape such as represented at 56-56 will vary in in-
tensity in accordance with the variation in the signal in-
tensity to be recorded. g

A magnetic head is indicated at 6@ having a longitudi-
nal gap which extends for the entire width of the magnetic
tape 16. The head 60 may constitute an erase head ener-
gized by high frequency alternating current or may con-
stitute a direct current erasing head for saturating the tape
in the longitudinal direction, after which the tape can be
biased to a desired operating point, as for example by the
average direct current from source 27 through the ener-
gizing electric circuits 15a—21a of the head units 15-21,
or by the use of a separate biasing winding linking all of
head units 15-21 in common. Alternatively, alternating
current high frequency bias can be employed.

The reference numerals 61 and 62 diagrammatically
indicate a tape driving means for driving the tape in the
direction of arrows 11 and 12, for example at constant
speed, or in synchronism with the horizontal line rate of a
video signal being recorded during the recording process.

FIGURE 2 illustrates details of an embodiment in ac-
cordance with the general system of FIGURE 1 where the
electric circuits extend through the gaps such as indicated
at 70 of the head units such as 16, and link the head units
with only a single turn. - The conductors such as 16a are
indicated as comprising thin strips of conductive material
of rectangular cross section having first length portions
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such as 71 connected to the bus bar 24, second length por-
tions such as 72 extending through the gap 78 and third
length portions such as 73 extending in a plane generally
parallel to the direction of tape travel indicated by the
arrow 11. The conductors such as 22 and 23 connected
with the bus bar 25 are also indicated as being of strip
conductive material of rectangular cross-section and rela-
tively thin in comparison with the thickness of the head
units such as indicated at 16. The photoconductive mate-
rial separating the successive conductors such as indicated
at 30 and 31 may be in the form of rectangular blocks
with respective rear faces exposed to the scanning light
beam generated by the cathode ray tube 33. By way of
example, the enclosure 35 has been illustrated as being pro-
vided with slots receiving the successive head units and
the associated conductor length portions such as 73. The
slots are of course sealed so as to prevent entrance of light
to the interior of the enclosure 35. Within the enclosure
35 is located the photoconductive material such as indi-
cated at 3¢ and 31 and the end face 36 of the cathode
ray tube 33 so that illumination of the photoconductive
material from sources exterior to the enclosure 38 is pre-
vented. Where the photogrid is in contact with the scan-
ning tube face 36, or a lens system such as indicated
at 40 is not used, optically conductive fibers may be
utilized to keep the light from dispersing and to concentrate
it on the desired regions such as indicated at 39 and 31.

By way of example, the head cores such as indicated
at 16 may be made of “Permalloy” having a composition
of 4% molybdenum, 79% nickel and the remainder iron
and impurities. By way of example, with a single length
of conductor such as indicated at 72 in FIGURE 2 linking
the gap of each of the head units such as 16, a momentary
peak current of about .1 ampere is required to activate
the head unit. This is readily obtained from cadmium
sulfide or cadmium selenide which in this configuration
may have an illuminated resistance of less than 100 ohms
and -a dark resistance in the megohm range. Proportion-
ately less current is needed for heads having multiple turn
windings on the head units. The non-magnetic gap 70
may have a dimension in the scanning direction of 0.0005
inch which js provided by making conductor length por-
tion 72 of non-magnetic material having a thickness of
0.6005 inch. Thicknesses from 0.00004 to 0.001 inch
may be used. The conductor portions 71 and 73 prefer-
ably curve downwardly from gap conductor portion 70 so
that bus bar 24 and the upper edge of conductor portions
71 and 73 are substantially spaced below the path of the
tape 16. - Alternatively the arrays of FIGURES 1, 2 and 3
may be made by printed circuit or photo-etching tech-
niques.

Instead of modulating the intensity of the cathode ray
beam at the control electrode of the cathode ray tube 33,
the video signal may be supplied at terminals 81 and 82
in FIGURE 1 upon opening of a switch 83, and making
the voltage of source 27 equal to zerc unless bias is
desired. In this mode of operation the beam is swept
horizontally but is unmodulated except for being extin-
guished during the return sweep. While not considered
preferable, it would also be possible to apply the video
signal to all of the head units by means of a common

. winding linking each of the head units separately from
the conductors 152-21a. The signal supplied by such a
common signal winding linking all of the head units would
not in itself be sufficient to produce an effective recording
on the magnetic tape 10, but the recording would become
effective when a head unit was activated upon energiza-
tion of the associated electric circuit such as 15¢-21a by
means of the light beam such as represented in its suc-
cessive positions by lines 34a-34g in FIGURE 1, the
activation being accomplished when the currents in con-
ductors 15a-21a supplied the correct bias to the respec-
tive head units, or set a control winding to the cperating
point,

FIGURE 3 illustrates the head of FIGURE 1 con-
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nected in a circuit for playing back 4 fécording on the
tape 10 such as produced by the system of FIGURE 1.
During playback, the recorded tape 10 is moved over the
series of head units such as indicated at 15 in the same
direction as during recording operation. The cathode
ray tube electron beam is scanned across the fluorescent
face 36 in synchronism with the signal recorded on the
tape. For this purpose, horizontal synchronizing signals
may be recorded along one margin of the tape 10 and re-
produced during playback to control the sweep of the
electron beam of cathode ray tube 33, The speed of the
tape drive system represented at 61 and 62 in FIGURE
1 may also be controlled during playback mode so that
the successive head units such as 15-21 are exactly reg-
istered with the respective recorded fields such as indicated
at 50 and 56 at the respective instants of activation of
the successive head units during the playback operation.
As a given recorded field such as indicated at 3¢ on the
tape 10 moves into registration with the gap of the asso-
ciated head units such as 15, a voltage is induced in the
associated conductor 154 which is a function of the maxi-
mum magnetic field intensity recorded at the portion 50
of the tape 10. When a given electric circuit is activated
by means of the light beam impinging on the associated
photoconductive material such as indicated at 30 and 31
in FIGURE 3, an effective electric circuit is completed
through bus bar 24, terminal 98, primary 91 of output
transformer 92, terminal 93 and bus bar 25 to induce an
output voltage at the secondary 95 of transformer 92
which is the function of the instantaneous signal on the
tape 10. If necessary a bias supply may be connected
as indicated at 96 and switch 97 opened. A load resistor
may be substituted for the transformer 92 in the output
circuit. The output from the transformer 92 or load re-
sistor will be an electric signal which is a function of the
electric signal supplied to the control electrode 38 of
the cathode ray tube 33 during the recording operation.
The electron beam of the cathode ray tube is, of course,
not modulated in intensity during the playback opera-
tion. The electron beam may be broadened in the ver-
tical direction as viewed in FIGURE 1 by a very high fre-
quency sweep applied to vertical deflection electrodes or
preferably by the use of a vertically elongated beam such
as represented by the lines 344-34¢ in FIGURE 1. While
head units with windings are shown, Hall-effect or other
flux sensitive types of units may be used. Hall-effect
head units are illustrated in a pending application U.S.
Ser. No. 644,641, filed Mar. 7, 1957, and assigned to the
assignee of the present application.

The photoconductive grid assembly may be formed
as indicated in FIGURE 2 by stacking strips of conduc-
tive material with blocks of photoconductive materijal, or
the grid may be formed by photoetching and evapora-
tion techniques. Multi-turn coils may be formed on the
successive head units 15-21 and the multiple turn coils
may be automatically fabricated, enabling a closer match
between head and photo-grid impedance for improved ef-
ficiency, and in some cases eliminating the matching trans-
former 92 during the playback operation.

FIGURES 4 through 7 illustrate details of a preferred
embodiment of the system generally indicated in FIG-
URES 1 and 3.

In the embodiment of FIGURES 4-7, the magnetic
tape 10 is moved in the direction of the arrow 11 at con-
stant speed. A magnetic transducer head assembly in-
dicated generally by the reference numeral 160 comprises
a series of magnetic head units such as indicated at 100a—
180¢ in FIGURE 4. The head units are formed by
means of a common core part 181 and a series of individ-
ual core parts such as indicated at 162-106, FIGURE 5.
Each of the transducer head units comprises a pole por-
tion provided by one of the core parts 162-196 and having
a tape contacting surface as seen in FIGURE 4 engaging
the active undersurface of magnetizable layer 10 of the
magnetic tape 10 and separated from the common polar
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edge face 101a of common core part 101 by a non-mag-
netic gap defined by the non-magnetic gap spacer 168.
The gap spacer 108 may, of course, comprise a non-mag-
netic electrically conductive material deposited on the
edge face 101a, FIGURE 6, of the core part 181 or may
comprise a separate strip of electrically conductive non-
magnetic material, in either case having a thickness of the
order of 0.0001 to 0.001 inch or less for example. The
end face 181b of the core part 101 remote from the active
layer 10a of the tape 10 may also be continuous for the
entire length of the core part 10% and may be in direct
contact with the lower ends of the core parts such as
102-106 as indicated in FIGURE 6 for the core part 183.

The head units 1006a~188e¢ are coupled with respective
electric circuits including electric windings 112-116.
Each of the windings encircles a diagonally extending por-
tion of the core parts 102-106, the diagonally extending
portion of core parts 162 and 103 being designated by the
reference characters 1024 and 1034, The windings such
as winding 113 indicated in FIGURE 6 which links diag-
onally extending portion 103« thus may each be located
generally in a vertical plane at right angles to the active
surface of the tape as indicated in FIGURE 5. This core
construction facilitates simultaneous winding of the core
parts 102-106 as will hereinafter be described.

As indicated in FIGURE 6, one end of each of the
windings 112-116 is connected with a bus bar 124 which
extends for the entire length of the magnetic transducer
head assembly 1086 (which length approximately equals
the width of the magnetic tape 10). The bus bar 124
and the successive core parts 162-106 are carried by an
elongated support strip 139 of electrically non-conductive
non-magnetic material which also extends for the length
of the transducer head assembly 100. The supporting
strip 130 is preferably of rigid construction so as to pro-
vide support for the relatively thin core parts 102-1906.
The windings 112-116 may be formed simultaneously by
connecting one end of each of a series of wires to the
-bus bar 124 and then rotating the assembly comprising
-the bus bar 124, supporting strip 130 and core parts 102—
106 on the central longitudinal axis of the supporting strip
130 to wind the wires as coils in the spaces between the
successive core parts 102-106. The wires forming the
windings 112-115 have been indicated at 1126-115z in
FIGURE 5, and the wires have been indicated as being
conductively connected at points such as 132-134 to verti-
cally elongated conductors such as 142-144 respectivaly.
The conductors such as 142-144 are preferably disposed
in overlying relation to a layer of photoconductive mate-
rial indicated generally by the reference numeral 150 in
FIGURE 6 which in turn is deposited on a plate 151’ of
electrically non-conductive material which is opaque to
light of the wavelengths to which the photoconductive
material is responsive. By way of example, the plate
151’ may be of a rigid ceramic material. The photosen-
sitive Jayer 150 may have an area corresponding to the
active area of the fluorescent coating 152’ on the end wall
3% of the cathode ray tube 33, FIGURE 6, which is to
be scanned by the cathode ray beam 174. The conduc-
tors 142-144 along with conductors 151-153 are prefer-
ably deposited on the photoconductive layer 150 by evapo-
ration through a photoetched mask. Alternatively the
layer 156 may be formed by printing, silk screening, and
the like. The conductors such as 142-144 and 151-153
divide the photoconductive layer 150 into successive re-
gions such as 161166 to form a photo-grid entirely analo-
gous to that illustrated diagrammatically in FIGURE 1.

The conductors 151-153 are connected to a common bus .

bar 1760 which in turn is diagrammatically indjcated in
FIGURE 6 as being connected with a terminal point 171
by means of a conductor 172.

The dash lines 174 in FIGURE 6 represent an instan-
taneous position of the scanning electron beam within the
cathode ray tube 33 and may be considered as represent-
ing the instant of time when the electron beam is cavsing
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8 .
light energy such as indicated at 175 in FIGURE 6 to
impinge on the photoconductive region 163 shown in
FIGURE 5. A suitable lightproof enclosure is indicated
at 188 for enclosing the region between the end wall 36
of the cathode ray tube 33 and the target of photocon-
ductive material indicated at 150 in FIGURE 6. In the
illustrated embodiment, the majority of collected light
emitted by the fluorescent layer 152’ may impinge on only
a single photoconductive region such as indicated at 163
at a given instant of time.

7t will be understood that the showing in FIGURE 35
is of a diagrammatic nature and that there might be 200
or more regions such as indicated at 161 along a distance
corresponding to the radius dimension of the tube end
face 36. The view of FIGURE 5 may be thought of as a
vertical sectional view taken through the layer 158 with
portions of the layer 158 broken away to show the con-
ductor parts 142—-144 and 151-153 in section. Where the
photoconductive grid is broken away in FIGURE 5, the
lens 4@ would be visible but the lens 46 has not been
shown in FIGURE 5 in order to avoid complicating this
view. The photoconductive grid inciuding material 150
and conductors such as 142-144 and 151-153 might de-
fire a square area having a length on each side of 2.5
inches. For the case where a total of 250 head units is
to be utilized, there would be 500 photoconductive re-
gions such as indicated at 161-166 successively exposed to
light energy such as indicated at 175 in FIGURE 6.

A uniform intensity of light energy may be directed
over the entire area of the photoconductive grid so as to
bias the photoconductive material to a desired operating
level. A source of light for this purpose has been dia-
grammatically indicated at 184 and may be of circular.
configuration such as a circular fluorescent lamp. The
lamp 184 would be located where it will give uniform
illumination of the photoconductive regions such as 161-
166, taking into account the presence of lens 40 in the
illustrated embodiment.

The electric circuits of the respective head units may
be connected to recording and playback circuitry such as
indicated in FIGURES 1 and 3, and corresponding refer-
ence numerals have been applied to similar parts in FIG-
URES 1, 3 and 6. As indicated in FIGURE 6, the bus
bar 124 may be connected with a terminal 186 by means
of a conductor 187, and a selector switch 190 may selec-
tively connect terminal 186 with the recording circuit in-
cluding current source 27 and the playback circuit includ-
ing the primary 91 of output transformer 92.

As has been indicated in FIGURE 1, the signal to be
recorded may be supplied from a signal source 37 to the
control grid 38 of the cathode ray tube 33 to modulate
the intensity of the electron beam indicated at 174 in
FIGURE 6 so as to correspondingly modulate the inten-
sity of the light beam indicated diagrammatically at 175
in FIGURE 6 which impinges on the successive photo-
conductive regions such as indicated at 161-166 in FIG-
URE 5.

In place of the elongated cathode 39 indicated in FIG-
URE 1, which generates a sheet type electron beam, ver-

-tical deflection electrodes may be provided which are sup-

plied with a very high frequency vertical sweep potential
s0 as to broaden the cathode ray beam in the vertical direc-
tion as indicated at 174 in FIGURE 6. The range of
vertical deflection of such a pencil type electron beam
would at least correspond to the vertical height of the
regions 161-166 (e.g. 2.5 inches) so that the fluorescent
output from the cathode ray tube would excite the entire
acitve region of the photoconductive grid. Instead of

interposing a cylindrical lens such as indicated at 40 in

FIGURE $, the photo conductive regions may be arranged
directly on the exterior surface of the end wall 36 of the
cathode ray tube 33. Optical fibers may be used to con-
centrate the light as previously mentioned. The cylin-
drical lens 40 may be used between the tube face 36 and
the regions of photoconductive material 161-166 for fine
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line focus of the light energy on the succesive photocon-
ductive regions, or for accommodating a different size of
photoconductive regions as compared with the instanta-
neous lines of light energy such as indicated at 34a—34g in
FIGURE 1 produced on the face 36 of the cathode ray
tube.

The pattern of magnetization of the magnetizable layer
18a of the tape has been indicated diagrammatically in
FIGURE 4 as successive regions of magnetization such
as 192-196 produced successively by the head units 190a-
1§8e. A row of such lines of magnetization is produced
across the tape by the successive head units during each
successive horizontal sweep of the scanning beam 174.

The further details of construction and operation and
alternatives described in connection with the system of
FIGURES 1 and 3 are directly applicable to the embodi-
ment of FIGURES 4-7 and such description is hereby in-
corporated with respect to the embodiment of FIGURES
4-7.

In each of the embodiments, cadmium sulfide, cadmium
selenide, cadmium telluride, lead sulfide, lead selenide,
lead telluride, gallium arsenide and gallium phosphide are
examples of photoconductive materials which may be
used. Photosensitive materials which generate voltage
and current such as silicon, selenium, copper oxide, or
similar barrier layer cells, and cells where a voliage is
generated by the PEM effect are also applicable, in which
case the energizing supply voltage indicated at 27 is not
necessary unless used for forward bias, or reverse bias of
the cells. The photosensitive array may also be formed
as a set of photo-transistor or photo-diode junctions uti-
lizing germanium, indium antimonide, or silicon to give
inherent amplification, resulting in higher currents during
recording and higher sensitivity during playback together
with faster response than would otherwise be obtained.
Where the signal is applied other than by modulation of
the intensity of the electron beam 174, or where a “gray
scale” in the signal is not important, the photosensitive
regions may be of the triggered type, acting as on-off
switches.

The most sensitive materials such -as cadmium sulfide
or cadmium selenide are also the slowest in response. In
facsimile work they are completely adequate since the
transmission rate may be about one picture per minute.
The speed of response in such photoconductors can be
increased by using very high illumination levels, by biasing
the elements with background illumination as indicated
at 184 in FIGURE 6, or by choosing a shorter wavelength
of light excitation.

Faster response is secured with lead sufide or selenide,
the n-type being faster but less sensitive than the p-type
or intrinsic material. Gallium arsenide or phosphide give
even faster speed. Speed is obtained however at the cost
of sensitivity.

Silicon cells and photo-junction cells are extremely fast,
but are more complex, or may have a disadvantageous
gpectral sensitivity.

As previously indicated, the speed requirement is not
too great in recording. The response must be very fast
for playback, however, particularly if standard television
signals are to be reproduced with high resolution. Here
the sensitivity can be sacrificed, and outputs of the order
of a millivolt are adequate during playback as long as
the signal to noise ratio is good. Different photo mate-
rials may be chosen, with relatively slow relatively sensi-
tive semiconductors for recording, and relatively fast rela-
tively insensitive ones for playback. The phosphor layer
152" of end face 36 of the cathode ray tube 33 must have
intense output of a color matched to the spectral range
of the photoconductor material. The speed of light decay
of the phosphor should be very high for playback, but
may be moderate for recording, for example providing a
decay to 10% of its maximum excited intensity within
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V45,750 second. Fast decaying phosphors in cathode ray
tubes are the P15, P16 and P24. These materials and a
description of their characteristics are available from the
RCA Corporation, for example. The P16 phosphor has
maximum output at a wavelength of about 3650 angstroms
which is in the near ultraviolet region. Cadmium sulfide
materials were found to respond to the P16 phosphor with
some mismatch, and with better speed than at longer wave-
length light. Silicon cells were found to be relatively
insensitive to the P16 phosphor, since their best sensi-
tivity was near the wavelength of red or infrared light.
The P24 phosphor has a peak response in the green portion
of the spectrum (5100 angstroms) and its light is better
matched particularly to cadmium sulfide and to many
other photoconductors. The P15 phosphor is interme-
diate, with peaks of response at 3900 and at 5100 ang-
stroms, = Considerable variation is possible with special
phosphor, or with special doping of the photoconductive
material to bring its color of maximum response within
the color ocutput of the scanning tube phosphor.

By way of example, the scanning or electronic discharge
tube 33 may be an RCA type SAUP24 or National Video
type 5SBKPV24 cathode ray tube, swept horizontally with
a saw tooth waveform at the desired line rate which might
be 15,750 cycles per second for a television signal, or
15.75 cycles per second for slow rate facsimile. The ver-
tical sweep applied to the vertical deflection electrodes of
this cathode ray tube may be a 20 megacycle per second
sine wave, or other frequency chosen to be above the high-
est picture frequency components. Both the horizontal
and the vertical sweep amplitudes are set to give a pattern
on the tube face 36 which is 2.5 inches square or at the
maximum size at which distortion is not serious.

During recording the beam is intensity modulated by
supplying the picture signal to the control electrode indi-
cated at 38 in FIGURE 1. During playback, the control
electrode 38 may receive a constant voltage so as to main-
tain the scanning beam 174 at a constant high brightness
level consistent with fine resclution corresponding to the
elements or regions 161-166 on the photo-grid. Alter-
natively the voltage supplied to control electrode 38 dur-
ing playback may be at a controlled level to compensate
for irregularities in the photo-grid and thus to switch the
photoconductive region of each head unit electric circuit
to the same level of conductivity as the other regions dur-
ing the active intervals thereof.

During both recording and playback the beam is
blanked out during the return portion of the sweep, for
example by means of a blanking voltage supplied to the
control electrode 38 by signal source 37. By way .of
example, the conventional composite video signal includ-
ing the picture component and the horizontal and vertical
blanking pulses may be supplied to the control electrode
38 during recording. The signal source 37 may include a
suitable equalizer circuit for the picture component of
the signal being recorded, for example to provide re-
corded field intensities on the record medium bearing
substantially a linear relationship to the signal being re-
corded. The cathode ray beam 174 would, of course, be
blanked out during the entire vertical blanking interval
of a conventional composite video signal. Thus, the suc-
cessive fields of the television signal recorded on the
magnetic tape 10 will have a spacing therebetween in the
direction of movement of the tape generally correspond-
ing to the distance the tape travels during the vertical
blanking intervals.

For the playback process, a suitable equalizer network
would be connected across the terminals of the secondary
winding 95 of transformer 92. The equalizers can be
cascaded, but it is desirable to include at least a portion
of the equalization in the later amplifier stages to reduce
hum and noise. The equalizer may be selected to pro-
vide a six decibel per octave rise from 10 kilocycles per
second fo 5 megacycles per second, for example. Equali-
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zation from 3 to 12 decibels per octave was found to be
useful over a frequency range from about one kilocycle
per second to 10 megacycles per second.

In the example utilizing the RCA type 5SAUP24 cathode
ray tube, the photosensitive layer 15¢ is a cadimum sul-
fide coating with the active region of the coating having
the same dimensions as the pattern on the scanner tube

face 36. The coating is on an insulating backing 151" -

and is manufactured in a standard manner known to
those skilled in the art, examples of companies in com-
mercial production being Clairex Corporation of New
York, N.Y., and RCA Corporation of Camden, N.J.
The spectral response of the cadmium sulfide layer may
peak at 5150 angstroms as is typical of Clairex type §
material, matching closely the 5AUP24 phosphor peak
of 5100 angstroms.

For faster response, the Clairex type 3 cadmium sele-
nide may be chosen. Although this is most sensitive at
7350 angstroms it has considerable sensitivity in the 5000
to 7000 angstrom region where the P24 phosphor gives
reasonable output. Thus the spectral peak of light from
the P24 phosphor (5100 angstroms) is of shorter. wave-
length than the spectral peak in sensitivity of the type 3
cadmium selenide (7350 angstroms).

Over the photoconductive coating which may be cad-
mium sulfide or calmium selenide, a metallic grid of
indium metal as indicated at 142-144 and 151-153 is
placed, for example by evaporation through a thin photo-
etched mask, or by printing, silk screening, and the like.
For the head described below, the grid would have 250
elements such as indicated at 151-153 connected to the
lower bus 170 and 250 clements such as indicated at
142-144 in between the elements such as 151-153. As
illustrated in FIGURE 5, the grid elements such as 142~
144 are electrically fastened to the respective windings
such as 112-116 of the head units 160a-100e¢, as for
example by microsoldering with indium at points such as
indicated at 132-134, or by connecting the grid elements
and windings with a commercial conductive silver ce-
ment. The “comb” part 101 of the magnetic head core
assembly is preferably formed from a sheet such as in-
dicated at 260 in FIGURE 7 of “Permalloy” having a
composition of 4% molybdenum, 79% nickel and the re-
mainder iron and minor constituents, the sheet having a
thickness of .002 inch, a height of .125 inch and a length
of two inches. If the teeth such as indicated at 201 and
202 in FIGURE 7 are .004 inch wide and separated by a
space having a length of .004 inch, the sheet 200 may be
sub-divided into a series of about 250 core parts such as
indicated at 102-106 in FIGURE 5 by removing the
portions such as indicated by shading at 210-212 in FIG-
URE 7. It will be understood that the upper edge face
of tooth 201 will correspond to the upper edge face of
core face 102 which is visible in FIGURE 4 and both
reference numerals have been applied in FIGURE 4.
The diagonal portion indicated at 203 in FIGURE 7
connecting the teeth 201 and 202 will correspond to the
diagonal portion 102¢ indicated in FIGURE 5. Similar-
ly, teeth 205 and 206 together with diagonal portion 207
indicated in FIGURE 7 will provide the core part 193
of FIGURE 5 after removal of the regions indicated by
the sectioning at the opposite sides of the diagonal por-
tion 207. The core strip 200 is preferably secured to the
supporting strip 139, FIGURE 6, before the shaded por-
tions thereof such as indicated at 210, 211 and 212 in
FIGURE 7 are removed. The windings 112-116 pref-
erably contain 50 to 100 turns of fine wire (e.g. No. 50
to No. 56 A.W.G.) such as indicated at 1124-1%154 in
FIGURE 5. The inner ends of the wires such as 112a-
1154 are connected to bus bar 124, FIGURE 6, and
then gang wound by rotation of support member 130
-on its central longitudinal axis as previously described.
The support member 136 may be of glass fiber impreg-
nated epoxy material.

It may be noted that while a particular direction of
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tape movement has been indicated in FIGURES 4 and
6, in an actual operating system the tape would probably
be driven in the direction opposite to the direction of
arrow 11 so as to cross the individual pole parts 180a—
10¢e first and then to cross the pole of common core
part 101.

The current in the successive windings 112-116 during
recording may be of the order of one to five milliamperes
in order to produce desirable signal levels on present day
standard audio recording tapes. With such recorded sig-
nal levels on standard audio tapes, the playback output
voltage from the windings will be of the order of 0.5 milli-
volt. The small electric current required in the succes-
sive windings during recording leaves ample margin for
losses in the photoconductive system. For playback at the
facsimile rate the same cadmium selenide materials as
just described for recording have a sufficiently fast re-
sponse; but at standard television rates a faster respond-
ing and less sensitive photomaterial may be required and
this will still be adequate for recording because the head
winding current requirements are small,

The biasing light level supplied by the light source in-
dicated at 184 in FIGURE 6 may be of longer wave-
length than the exciting light indicated at 175. For ex-
ample, the source 184 may produce light '‘which is filtered
to transmit long wavelengths which have the effect of
shortening the response time of the photoconductive ma-
terial 158. The overall illumination from the bias source .
184 may be in the form of infrared radiation or heat radia-
tion which speeds the release of trapped charges, decreas-
ing the sensitivity of the photoconductive material 158,
but making the response faster,

In another arrangement a conductive area on the back
side of the photoconductive layer 150 might be used for
the common connection in place of bus bar 176 and con-
ductors 142-144. With this arrangement only the set of
independent 'grid wires 151153 would be present at the
front side of the photo-grid on which the light energy in-
dicated at 175 in FIGURE 6 impinges. =This would re-
duce the number of grid wires by a factor of one-half for
a given number of head units, but isolation between the
head unit electric circuits would be reduced.

As a further alternative, the photoconductive materials
such as indicated in FIGURES 1-3 and 5 and 6 may be
activated directly by electron impingement on the sensi-
tive surface instead of utilizing light radiation; or other
non-visible radiation may be used to excite the photo-re-
sponsive materials.

Cadmium sulfide and cadmium selenide have been con-
sidered to be far too slow in response to anticipate that
they could be used successfully in the system of the pres-
ent invention for recording and playback of standard tele-
vision signals. The following are the published rise and
decay times for Clairex type 7 cadmium sulfide and type
3 cadmium selenide.

Time Constant (to 63% of Final
Level)

Material Light Level
Foot Candles
Rise (seconds) Decay
(seconds)

Cadmium Sulfide____ 0.01 L1 0.12

Do e 100 0. 002 0. 005
Cadmium Selenide._. 0.01 0.29 0.03

Dol 100 0. 601 0. 002

A rise or decay time of .001 second corresponds to a
useful alternating current frequency of about 250 cycles
per second which has generally been considered the order
of upper frequency limit of these sensitive cells even at
high light levels. .

In connection with the present invention it has been
discovered that under certain conditions such photo-sen-
sitive cells can be made to have useful response at fre-
quencies 1000 to 10,000 times greater than the previously
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accepted limits. These conditions correspond to the ex-
amples given in the present specification. With an equal-
ization in the playback circuits corresponding to a rise of
approximately six decibels per octave from 10 kilocycles
per second to 5 megacycles per second an excellent video
picture was reproduced of a pattern scanned by a type
5BKPV-1 cathode ray tube flying spot scanner having
P16 phosphor. The modulated light from the flying spot
scanner was picked up by Clajrex 807 or 505L cadmium
sulfide cells, or Clairex 803 cadmium selenide cells. The
cells were energized in a series circuit including a bias
source such as indicated at 96 in FIGURE 6 consisting
of a 45 volt battery and a 4000 ohm load resistor in place
of the transformer 92 (with the negative terminal of the
battery grounded). The ountput was taken from across
the load resistor and fed into an RC equalizer such as in-
dicated at 250 in FIGURE 3 having a series capacitor of
50 micro-microfarads followed by a shunt resistor of 4000
ohms having one terminal connected to ground. Another
RC equalizer section was used after the preamplifier
with 25 micromicrofarads in series followed by a 2000
ohm resistor in shunt to ground. For adjustment of low
frequency response, resistors of 25,000 to 50,000 ohms
were connected across each capacitator. Equalization
from 3 to 12 decibels per octave was found to be useful
over a frequency from about one kilocycle per second to
10 megacycles per second. The equalizer circuits can
be cascaded, but it is desirable to include at least a portion
of the equalization in the later amplifier stages to reduce
hum and noise. After equalization the signal to noise
ratio was adequate for excellent video reproduction.

The mechanism of this fast response time which has
been determined experimentally is not fully understood,
but it is believed that the photoconductor regions operate
in a different. mode from that during normal usage. The
fast response mode is also useful for other applications,
for example the reproduction of light modulated at audio
frequencies to 20 kilocycles per second where other de-
vices are presently used.

The following Example I is a specific presently pre-
ferred example of materials to be utilized in the embodi-
ment of FIGURES 4-7 where the system is to carry out
a recording function with respect to standard television
signals.

’ Example I

(1) National Video type SBKPV24 cathode ray tube
having a radiation emitting layer 152 of P24 phosphor.

(2) Radiation responsive layer 150—Clairex type 5
cadmium sulfide material.

The following Example II is the presently preferred
example for a playback system for standard television
signals.

Example 11

(1) National Video type SBKPV-1 cathode ray tube
which has a P16 phosphor.

(2) Radiation responsive material 150—cadmium sele-
nide, Clairex type 3 material,

Where the same system is to be. utilized both for re-
cording and playback of standard television signals, the
following Example 1II gives the presently preferred com-
ponents.

Example I

(1) National Video type 5BKPV24 cathode ray tube
with P24 phosphor.

(2) Radiation responsive material 158, cadmium sele-
nide, Clairex type 3 material.

For the case of recording and playback of facsimile sig-
nals having a line rate of the order of 15.75 cycles per
second, for example, the presently preferred example
corresponds to Example I above,

In each of the foregoing examples I through III the
other parameters are as in the preferred embodiment de-
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scribed preceding said examples. The other preferred
conditions may be summarized as follows:

(1) Magnetic record tape 10-—standard type of com-
mercially available audio frequency recording tape, but
approximately two inches wide.

(2) Magnetic head assembly 100-—250 head units made
as shown in FIGURES 4-7 from a sheet 200 of “Perm-
alloy” having a thickness of .002 inch, a height of .125
inch and a length of two inches; strip 130 of glass fiber
reinforced epoxy.

(3) Gap spacer 188—copper strip of .00025 inch thick-
ness.

(4) Direction of tape movement—-first over individual
poles 1804-10%e and then over common pole of core 101.

(5) Tape speed—approximately 15 inches per second.

(6) Recording circuit — head unit electric circuit as
shown in FIGURE 6 with switch 83 closed; signal source
37 supplying a standard television picture signal having
a line rate of 15,750 cycles per second and 60 fields (inter-
laced)—30 frames per second, and having conventional
horizontal and vertical blanking signals, with the picture
signal snbjected to an equalization circuit of conventional
design emphasizing the high frequencies to give an effi-
cient recording current in the head windings particularly
at these high frequencies.

(7) Playback circuit—head electric circuit as shown
in FIGURE 6; and signal source 37 providing a constant .
voltage level during active scans and horizontal and ver-
tical blanking signals during retrace intervals of the scan-
ning beam.

(8) Photo-grid conductors 142-144, 151-153 are
formed of indium metal, evaporated through a thin photo-
etched mask, and are microsoldered to wires 112a-115a
using indium solder.

(9) Magnetic recording bias—direct current bias uti-
lizing direct current saturation by means of head 60 and
selection of the desired direct current operating point by
means of source 27, FIGURE 6.

(10) Vertical deflection of cathode ray beam by means
of a 20 megacycles per second sine wave.

(11) Horizontal and vertical sweep amplitudes to give
a 2.5 inch square pattern on the tube face 36.

Although an example of a preferred photoconductive
construction has been described in detail, it will be appar-
ent to those skilled in the art that the sensitive grid may
also be constructed of small p—n junctions, barrier layers,
and of other materials as previously mentioned.

The simple equalizer described is illustrative of the
general characteristic desired. Other or more elaborate
networks may be designed for an even closer fit to the
desired response.

Along each of the recorded channels on the record
medium the waveform corresponds to the light modula-
tion along a vertical line of the television picture fields.
It is obvious that the maximum frequency that need be
handled by one channel is 15,750 cycles per second since
this is the number of horizontal lines per second that inter-
sect any vertical line. The system need not be confined to
this format, and others are possible.

To give a rough estimate of the illumination falling on
the photogrid using the National Video type SBKPV-1
cathode ray tube with P16 phosphor, an illumination of

‘one-half foot candle was measured utilizing a Luckiesh

and Taylor brightness meler made by the General Electric
Company. In the experimental arrangement utilizing this
cathode ray tube described herein, only a low level of
ordinary light was present and no special bias light source
such as indicated at 184 was utilized.

By way of example of an arrangement for compensat-
ing for irregularities in the photo-grid during playback, if
the photoconductive material 150 is more sensitive on one
side thereof as compared to the other due to irregularities
in manufacture, for compensation a bias waveform is
applied by signal source 37 between the control electrode
38 and cathode 39 which increases the beam intensity
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when scanning the region corresponding to the less sensi-
tive side of the photoconductive material. The compen-~
sation or bias waveform applied to the picture signal
components of the successive lines of the television signal
which are supplied by signal source 37 to control elec-
trode 38 can be tailored to compensate for more complex
variations in the sensitivity of the photoconductive layer
15¢ by conventional means as will be apparent to those
skilled in the art.

As indicated in FIGURE 6, during the playback op-
eration, the output load may comprise either transformer
92 or an output load resistor 260 as determined by the
position of switch 261. With the switch 261 in the po-
sition shown, the output signal is delivered from the sec-
‘ondary 95 of transformer 92 to an equalizing network
indicated at 250 in FIGURE 3. The output of the equal-
izer network 250 is connected to the input of a pream-
plifier, and the output of the preamplifier includes fur-
ther equalization. The equalization is preferably dis-
tributed so that the maximum equalizer loss in each
equalizer section is approximately proportional to the
gain of the associated amplifier. Thus, the loss in the
equalizer section 250 would be roughly proportional to
the gain in the preamplifier stage following the equalizer
section 250. Exactly the same type of equalizer and
preamplifier arrangement is indicated in FIGURE 6 for
the case of utilization of a load resistor 260 in the out-
put circuit. of the playback system. Thus, with switch
261, FIGURE 6, in the left hand position, the bias source
96 may be connected with switch 97 open. The nega-
tive terminal of battery 96 may be grounded. The first
equalizer stage may have a series capacitor 263 foilowed
by shunt resistor 264 having one terminal 264 connected
to ground. This equalizer is connected to the input of
a preamplifier 266 having an amplification generally pro-
portional to the maximum equalizer loss in equalizer
section 263, 264.. A second RC equalizer section is
shown connected to the ountput of preamplifier 266 and
may.comprise a capacitor 268 followed by resistor 269
with its terminal 2694 connected to ground. The ampli-
fier stage following the second equalizer section may
have an amplification generally proportional to the maxi-
mum loss in the second equalizer section. For adjust-
ment of low frequency response, resistors 270 and 271
are shown connected across capacitors 263 and 268.

Equalization rising from three to twelve decibels per
octave may be useful over a frequency range from about
one kilocycle per second to ten megacycles per second,
a rise of 6 db per octave being considered advantageous
from 10,000 cycles to 5 megacycles. An example of an
equalizer giving a rising response might comprise a series
capacitor 263 of 500 micromicrofarads and a shunt re-
sistor 264 of 5000 ohms, with a 100,000 ohm resistor
substituted for variable resistor 270 across capacitor 263
and with a further equalizer section provided subsequent
to preamplifier 266. The equalization would be distrib-
uted such that the maximum equalizer loss in each equal-
izer section would be somewhat proportional to the gain
of the succeeding amplifier stage. A rise of 6 db per
octave is considered advantageous in the frequency band
including 15,000 cycles.

The output circuitry of the playback system of the
present invention may comprise an integrating circuit or
other means for providing an output signal proportional
to magnetic flux from the record medium rather than pro-
portional to rate of change of such flux where windings
are used on the playback head units instead of flux re-
sponsive elements such as a Hall elements. Such inte-
grating circuit or other means may be used in place of
the equalizer circuits such as 250; 263; 264; 270; and 268,
269, 271, or may be used following a stage of amplifi-
cation having its input connected across the second equal-
izer stage, for example across resistor 269.

Where it is desired to use a relatively high bias voltage
for source 27 during recording, for example in order to.
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obtain a relatively high amplitude of signal current vari-
ation, a bias winding may be provided on the common
core 181 which receives a steady direct current of polari-
ty to produce a magnetic bias flux in the head units at
least partially offsetting the effect of the average direct
current supplied to the head unit windings 112-116 by
source 27.

On the other hand where the average bias current pro-
duced by source 27 is below a desired level, additional
bias flux may be produced in the head units by supplying
aiding direct current to a bias winding on the common
core 161,

The other features of the preferred system given herein
may be of -a conventional nature such as would be obvious
to those skilled in the art. Thus, a recording and play-
back head may be provided at one margin of the tape 10
with its longitudinal gap in transverse alignment with the
longitudinal gaps of the head units defined by the spacer
198. This recording and playback head may record on
the tape 10 a suitable synchronizing signal such as the
horizontal sweep signal supplied to the horizontal deflec-
tion circuit of the cathode ray tube 33 during recording.
During playback, the same recording and playback head
may reproduce the recorded control signal and the re-
produced control signal may be utilized to control the
movement of the tape 10 in the direction of the arrow
11 so that the head assembly exactly scans the recorded
signal on the tape line-for line. Alternatively the re-
produced control signal may be utilized to control the
horizontal deflection circuits of the cathode ray tube 33
during playback. The circuitry for accomplishing these
functions forms no part of the present invention and is of
a conventional nature and will be apparent to those skilled
in the art. ‘

By way of example, where playback should be carried
out with a precise horizontal sweep rate of 15,750 cycles
per second as in broadcasting of the reproduced signal, a
comparator may have its inputs connected respectively to
the output of a precisely controlled horizontal sweep gen-
erator and to the output of the control recording and
playback head, and any error signal from the comparator
may control the speed of a capstan motor driving the
tape to maintain a precise scanning relationship between
the video playback head and the recorded video signal on
the tape. The horizontal sweep generator would have its
output connected to the horizontal deflection electrodes
of the cathode ray tube 33 and to the circuits controlling
the horizontal sweep in the visual display of the rtepro-
duced signal. :

Where the frequency of the horizontal sweep generator

" need not be precisely 15,750 cycles per second, the tape
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may be driven at constant speed and the horizontal synch
signal reproduced from the control channel on the tape
may be used to control the frequency of the horizontal
sweep generator. The output of the horizontal sweep
generator would be connected both to the horizontal de-
flection electrodes of the cathode ray tube 33 and to the
video display device receiving the reproduced picture sig-
nal, such as an ordinary television receiving set.

An audio recording and playback head may have a lon-
gitudinal gap aligned with the gap spacer 108 and co-
operate with a second channel of the record medium along
one margin thereof. The audio signal recorded on the
tape will thus correspond in time with the laterally ad-
jacent recorded line of the television signal for ease of
editing. The audio head during playback operation will
reproduce the audio signal simultaneous with reproduc-
tion of the recorded picture signal. The video section of
the head may be somewhat less than 2 inches wide so as
to provide space for audio and control channels on a 2
inch wide tape.

A feature of the present invention resides in the pro-
vision of a cadmium sulfide or cadmium selenide photo-
conductive material utilized in an output circuit having a
characteristic where the voltage or current output rises in
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direct proportion to frequency in a high frequency band
extending substantially above the normal useful upper
limit of 250 cycles per second for these materials and at
least up to frequencies of the order of 15,000 cycles per
second.

Summary. of operation

Summarizing the operation of the illustrated system,
during recording switch 190, FIGURE 6, is in the left
hand position.” Signal source 37, FIGURE 1, supplies a
picture signal to the control grid 38 of the cathode ray
tube 33, FIGURE 1, during successive scans of the cath-
ode ray beam of the tube to prodtce successive light pat-
terns such as indicated at 34a-34g at face 36 of the cath-
ode ray tube 33. These light patterns 344-34g are di-
rected by lens 49, FIGURE 1, onto the photoconductive
regions such as 3¢ and 31 in FIGURE 1 or 161-166 in
FIGURE 5 to successively activate the head unit electric
circuits comprising conductors 15z-21a in FIGURE 1
and comprising windings 112-116 in FIGURE 6. The
modulation of the intensity of the light patterns repre-
sented by the successive lines 344-34g in FIGURE 1 re-
sults in a corresponding variation in the impedance of the
successive photoconductive regions to modulate the mag-
netic' recording fields produced at the successive head
units 15-2%, FIGURE 1, or 1064-180¢, FIGURE 4, The
resultant pattern on the tape 10 is indicated diagram-
matically in FIGURE 1, a line of magnetization on the
tape produced by head units 15-21 being indicated at 50—
§6. A similar line of magnetization is diagrammatically
indicated at 192196 for the head units 160a—100e¢ in FiG-
URE 4.

During playback, switch 190, FIGURE 6, is in the right
hand position to provide a circuit similar to that of FIG-
URE 3. Signal source 37, FIGURE 1, supplies a con-
stant voltage level during successive active scans of the
cathode ray beam of tube 33 to successively activate
photoconductive regions such as 3@ and 31, FIGURE 3 or
161166, FIGURE 5, to activate the successive head units
15-21, FIGURES 1 and 3 or 1002-106¢, FIGURE 4, for
reproducing the signal recorded on the tape 10 during the
recording operation,

The terms “modulating” and “variable amplitude” are
utilized in the claims to refer to signals such as television
signals whose amplitude is variable over a spectrum of
values, and are used to exclude digital or on-off signals
having only a zero or “off” value, and a “one” or “on”
value. Thus the phrase “means for modulating the in-
tensity of the radiant energy” requires that the intensity
be variable by said means over a spectrum of values and
not simply turned on and off.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of the present invention.

I claim as my invention:

1. A recording system comprising:

a series of head units for coupling to a record medi-

um to record a variable amplitude signal thereon,

a series of electric circuits each coupled to one of said
head units for producing variable recording field in-
tensities in the record medium in accordance with the
amplitude of current flow in the respective electric
circuits, -

said electric circuits each having a radiant energy re-
sponsive material controlling the amplitude of cur-
rent flow therein and varying in impedance in accord-
ance with the intensity of the radiant energy imping-
ing thereon,

means for generating radiant energy capable of con-

. trolling the impedance of said radiant energy respon-
sive material and for supplying said radiant energy
to the radiant energy responsive material of each
of said electric circuits in sequence, and

means for modulating the intensity of the radiant ener-
gy in accordance with a variable amplitude signal
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to be recorded to control the recording field inten-
sities produced in the record medium by the succes-
sive head units of said series.

2. A recording system comprising:

a series of head units for coupling to a record medium
to record a variable amplitude signal thereon,

a series of electric circuits each coupled to one of said
head units for producing recording field intensities at
the record medium in accordance with the amplitude
of current flow in the respective electric circuits,

said. electric circuits each having a radiant energy re-
sponsive material controlling the amplitude of cur-
rent flow therein and varying in impedance in ac-
cordance with the intensity of the radiant energy

- impinging thereon,

means for generating radiant energy capable of con-
trolling the impedance of said radiant energy respon-
sive material and for supplying said radiant energy to
the radiant energy responsive material of each of
said electric circuits in sequence,

said radiant emergy generating means comprising an
electronic discharge device having a scanning beam
for deflection along ‘a predetermined path- and a
radiant energy emitting material disposed along said
predetermined path for sequential energization of suc-
cessive regions thereof by said scanning beam dur-
ing deflection thereof,

said radiant energy emitting material emitting radiation
of intensity which varies in accordance with the in-
tensity of said scanning beam, said electric circuits
being external to said discharge device,

said discharge device having a wall thereof permeable
to said radiant energy and through which said radiant
energy is supplied to said radiant energy responsive
material of said electric circuits, and

means for modulating the intensity of the scanning
beam in accordance with a variable amplitude: sig-
nal to be recorded to correspondingly contro] the re-
cording intensities produced in the record medium
at the successive head units of said series.

3. A transducer head assembly comprising:

a series of transducer head units having respective head
unit conductors for coupling to respective channels
of a record medium for transducing signals between
the form of a signal current flow in the head unit
conductor and the form of a recorded signal field
on the associated channel of the record medium,

said head unit conductors each having a region of

photoconductive material connected in a direct cur-
Tent electric circuit therewith and controlling current
flow therein and responsive to a change in the in-
tensity of radiant energy impinging thereon to acti-
vate the associated head unit for carrying out a
transducing operation with Tespect to the associated
channel of the record medium, and )
means for sequentially changing the intensity of radiant
energy impinging on the regions of photoconductive
material of the respective head units to sequentially
activate said head uniis to carry out a transducing
operation, wherein the improvement comprises
a record medium coupled to said head units capa-
ble of storing intelligence in the form of recorded
fields of intensity which is variable over a con-
tinuous spectrum of values, :

a- signal source supplying intelligence as a variable
amplitude signal assuming a multiplicity of different
amplitude values and having frequency components
in the megacycle range,

means for operating said sequentially changing means
to activate said head units sequentially in each cycle
and cyclically activating said head units at a scan-
ning frequency of the order of 15 kilocycles per
second,

said photoconductive material having response char-
acteristics so as to be capable of activation and de-
activation at said scanning frequency, and
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fiieans connected with said head units and with said
signal source for modulating the recording field in-
tensities recorded on said record medium by the suc-
¢essive head units in accordance with the time varia-
tion of said variable amplitude signal including said

~ frequericy components in the megacycle range.

4. A transducer head assembly comprising:

4 series of transducer head units having respective head
unit conductors for coupling to respective channels
of a record medium for producing recording field
ititensities inn the record medium in accordance with
the cutrent flow therein, '

said head unit conductors each having a region of
photoconductive material connected in a direct cur-
rent eléctric circuit therewith and controlling cur-
rent flow thetein and responsive to a change in the
intensity of radiant energy impinging thereon to acti-
vate the associated head unit conductor,

mesns for sequentially changing the radiant energy in-
tensity imipinging on the regioms of photoconduc-
five material associated with the successive head units
of iaid seties to sequentially activate said head units,
an

means for modulating the recording field intensities
produced by the successive activated head units in
accordance with a variable amplitude signal to be
recorded.

5. A transducer head assembly comprising:

-a series of transducer head units having respective head
unit condiictors for coupling to respective channels
of a record medinm for producing an electric signal
current in the respective head unit conductors in ac-
cordaficé with the signal fields recorded on the re-
spective channels of the record medium,

said head unit conductors each baving a region of
photocoriductive miaterial connected in a direct cur-
rent eléctfic circuit therewith and controlling current
flow theréin and responsive to a change in the in-
ténisity of radiant efiergy impinging thereon to acti-
vate the associated head unit conductor,

fieans for sequentially changing the radiant energy in-
tensity imipinging on the photoconductive regions of
the successive head units of said series to sequentially

_ activate said head units, and

signial output means connected with the head unit con-
ductors -of said head units for receiving the electric
signal currents from the successive activated head
units to deliver an output signal in accordance with
the signal fields recorded on the channels of the
record medium.

6. A transducer head assembly comprising:

a series of transducer head units having respective head
unit c¢onductors for coupling to respective channels
of a record medium to produce recording field in-
ténsities in the record medium in accordance with
variable amiplitude signal current flow in the respec-
tiye head unit conductors,

said heat ufiit conductors each having a region of
photoconductive material connected in a direct cuor-
rent electric circuit therewith and controlling current
flow therein and respofisive to a change in the inten-
sity of radiant energy impinging thereon to activate
the associated head unit conductor,

a signal input means connected to the head unit con-
duictors of the respective head units under the con-
¢rol of the respective regions of photoconductive ma-
ferial for supplying variable amplitude electric sig-
hal cufrent to the activated head unit, and

edris for sequentially changing the intensity of ra-
diant energy ifpinging on the regions of photocon-
ductive material gif the successive head units of said
series to sequentially activate said head units so as
to record the Variablq afiiplitude signal from the sig-
nal input means on the técord medium.

7. A transducer -head assémbly -comptising:
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a series of transducer head units having respective
head unit conductors for coupling to respective chan-
nels of a record medium and for producing a vari-
able amplitude recording field intensity in the rec-
ord medium in accordance with signal current flow
in the associated head unit conductor.

said head unit conductors each having a region of

- photoconductive material connected in a direct cur-
rent electric circuit therewith and controlling cur-
rent flow therein in response to a change in the in-
tensity of radiant energy impinging thereon to acti-
vate the associated head unit conductor,

means for sequentially changing the intensity of radiant
energy impinging on the regions of photoconductive
material of the successive head units of said series
to sequentially activate said head units, and means
for modulating the intensity of the radiant energy
impinging on the regions of photoconductive mate-
rial of the successive head units in accordance with
a variable amplitude signal to be recorded to modu-~
late the current flow in the head unit conductors of
the successively activated head units.

8. A magnetic recording head comprising:

a series of magnetic head units for coupling to respec-
tive channels of a magnetic record medium to record
a signal thereon, :

a series of electric circuits each coupled to one of said
head units for activating the head unit in response
to current flow in the electric circuit, said electric
circuits each having a region of photoconductive ma-
terial therein and having an electric potential sup-
ply for producing an activating current flow in the:
clectric circuit in response to a predetermined itlu-
mination of the photoconductive region associated.
therewith,

a cathode ray tube having a scanning beam for pro-
ducing a luminescent output external to said tube:
and impinging on the regions of photoconductive:
material of the successive head units of said series in:
sequence to sequentially activate said magnetic head
units, and _

means for controlling the amplitude of the recorded
field produced by the successive activated head units
no the magnetic record medium in accordance with
a signal to be recorded.

9. A transducer head assembly comprising:

a series of transducer head units having respective elec-
tric circuits for coupling to respective channels of a
record medium for transducing signals between the
form of a signal current flow in the electric circuits
and the form of a recorded signal field on the rec-
ord medium,

‘gaid units having respective pairs of first and second

elongated parallel conductors connected in the re-
spective electric circuits and having elongated regions
of photoconductive material controlling current flow
between the first and second conductors of the re-
spective pairs and thereby controlling the activation
of the respective electric circuits, and

radiant energy scanning means for generating a radi-
ant energy scanning beam of elongated cross section
for successively impinging on said elongated regions
of photoconductive material to activaie the electric
circuits of the respective head units in sequence.

10. A mnultichannel recording system comprising:

a series of head units each having a head unit electri-
cal conductor for producing a recording field at a
channel of a record medium in response to current
flow therein,

a photo-grid comprising aseries of pairs of first and
second conductors extendnig in parallel relation and
having regions of photoresponsive material control-
ling the electrical impedance betwen said pairs of
conductors and shiftable from a first impedance
condition to a second impedance condition in re-
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iponsé to the impingement of radiant énergy there-
on,

means connected with said head unit electrical con-
ductors under the control of the respective regions
of photoresponsive material for supplying activating
current flow to said electrical conductors in response
to shifting of said regions of photoresponsive mate-
rial to said second impedance condition, and

means for supplying radiant energy to said regions of
photoresponsive material of the successive head units
of said series in sequence to successively activate
said head units.

11. A multichannel magnetic transducer sysem com-

prising:

a series of magnetic head units having respective elec-
tric windings for coupling with respective channels
of a magnetic record medium,

a photo-grid having a series of pairs of first and second
conductor means with the first conductor means being
connected with one terminal on the respective electric
windings by means of a continuous direct current
path and having a series of regions of photorespon-
sive material interposed between the first and second
conductor means of the respective pairs and con-
trolling activating current flow to the respective elec-
tric windings, and

means comprising a scanning light beam cyclically and
sequentially impinging on said regions of photo-
responsive material of the respective head units for
cyclically and sequentially activating said head units.

12. A multichannel magnetic playback system com-

prising:

a series of magnetic head units each having a magnetic
fluxresponsive element for coupling to respective
channels of a magnetic record medium and for pro-
ducing an electric output signal in response to signal
flux from the associated channel of the record me-
dium threading said magnetic fluxresponsive element,

output electric circuit means for receiving the output
signals from the magnetic fluxresponsive elements
of the magnetic head units,

a photo-grid having a series of pairs of first and second
conductor means and having a series of photore-
sponsive regions between said first and second con-
ductor means of the respective pairs and controlling
electrical coupling between respective pairs of said
first and second conductor means,

means for connecting the respective magnetic fluxre-
sponsive elements of the series of magnetic head
units with the output electric circuit means under the
control of respective pairs of said first and second
conductor means, and

scanning radiant energy preducing means for cyclically
directing a bearmn of radiant energy onto each of said
photoresponsive regions in sequence to couple the

“magnetic fluxresponsive elements of successive head
units of said series cyclically and in sequence to said
output electric circuit means.

13. A magnetic recording and playback head assembly

comprising:

- a series of magnetic head nnits each having respective
windings for coupling to respective channels of a
magnetic record medium,

a photo-grid having a series of pairs of first and second
conductor means and having a series of photorespon-
sive regions between the first and second conductor
means of the respective pairs for controlling electrical
coupling between -the respective- pairs of first and
second conductor means,

scanning radiant energy means for cyclically directing
a beam of radiant energy onto each of said photo-
responsive regions in sequence to sequentially elec-

" trically ‘couple the first and second conductor means
of the successive pairs of said series, and
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means for connecting said windings of said magnetic
head units with the respective pairs of first and second
conductor means of the photo-grid for sequential
activation of said windings during recording and
playback operation and for producing a signal mag-
netic field at the successive head units in accordance
with a signal to be recorded during recording opera-
tion and for receiving the signals produced in the
windings of the successively activated head units
during playback operation.

14. A recording and playback system comprising:

a series of head units for coupling to a record medium
to record and playback signals thereon, a series of
electric circuits each coupled to one of said head units
for producing recording intensities at the head units
in accordance with the amplitude of current flow in
the respective electric circuits during recording and
for producing an output signal current in accord-
ance with magnetic signal flux threading said head
units during playback operation,

said electric circuits each having a radiant energy re-
sponsive material controlling the amplitude of current
flow therein and varying in impedance in accordance
with the intensity of the radiant energy impinging
thereon,

means for generating radiant energy capable of con-
trolling the impedance of said radiant energy re-
sponsive material and for supplying said radiant en-
ergy to the radiant energy responsive material of
each of said electric circuits in sequence,

means for modulating the intensity of the radiant energy
in accordance with a signal to be recorded to corre-
spondingly contro! the recording intensities produced
at the successive head units of said series during re-
cording, and

means for maintaining said radiant energy at about a
constant intensity level during successive scans of
the radiant energy responsive material of the electric
circuits during playback operation to successively
activate said electric circuits.

15. A recording and playback system comprising:

a series of head units for coupling to a record medium
to record a signal thereon during a recording opera-
tion and to reproduce a signal recorded on the record
medium during a playback operation,

a series of electric circuits each coupled to one of said
head units for producing recording intensities at the
head units in accordance with the amplitude of cur-
rent flow in the respective electric circuits during
recording operation and for producing a signal cur-
rent therein in accordance with a signal recorded
on the record medinm during a playback operation,

said electric circuits each having a radiant energy re-
sponsive material- controlling the amplitude of cur-
rent flow therein and varying in impedance in accord-
ance with the intensity of the radiant energy impinging
thereon,

means for generating radiant energy capable of con-
trolling the impedance of said radiant energy respon-
sive material and for supplying said radiant energy
to the radiant energy responsive material of each of
said electric circunits in sequence,

said radiant energy generating means comprising an
electronic discharge device having a scanning beam
for deflection along a predtermined path and a radiant
energy emitting material disposed along said pre-
determined path for sequential energization of suc-
cessive regions thereof by said scanning beam during
deflection thereof,

said radiant energy emitting material emitting radiation
of intensity which varies in accordance with the in-
tensity of said scanning beam, said electric circuits
being external to said discharge device,

said discharge device having a wall thereof permeable
to said radiant energy and through which said radiant
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energy is supplied to said radiant energy responsive
material of said electric circuits, and

means for modulating the intensity of the scanning beam
in accordance with a signal to be recorded during
recording operation to correspondingly control the
recording intensities produced at the successive head
units of said series and for maintaining the intensity
of the scanning beam during scanning of the succes-
sive electric circuits during playback operation.

16. A recording and playback system comprising:

a series of head units for coupling to a record medium
to record a signal thereon during a recording opera-
tion and for reprcducing a signal recorded on the
record medium during a playback operation,

said head units each having a radiant energy responsive
region controlling activation of the head unit,

means for generating radiant energy capable of activat-
ing the radiant energy responsive regions to activate
the respective head units,

means for controlling the recording field intensity of
the activated head units in accordance with a signal
to be recorded during recording operation, and

means for coupling to the activated head units of said
series during a playback operation to electrically re-
produce the signals recorded on the record mediom.

17. A recording and playback system comprising:

a series of head units for coupling to a record mediom
to record a signal thereon during a recording opera-
tion and to electrically reproduce a signal recorded
on the record medium during a playback operation,

said head units having respective regions of photo-
conductive material controlling activation therecf to
carry out said recording and playback operations,

an electronic discharge device having a scanning beam
for deflection along a predetermined path and a
fluorescent material disposed along said predeter-
mined path for generating light energy scanning said
regions of photoconductive material to successively
activate the same,

said regions of photoconductive material being external
to said discharge device,

said discharge device having a wall thereof permeable
to said light energy and through which said light
energy is supplied to said regions of photoconduc-
tive material, and

means for controlling the recording field intensities at
the suiccessive activated head units in accordance with
a signal to be recorded during a recording operation
and for receiving electric output signals from the
successive activated head units in accordance with a
signal recorded on the record medium during a play-
back operation.

18. A transducer system comprising:

a series of head units comprising respective -magnetic
core parts lying substantially in a common plane for
coupling to respective channels of a magnetic record
medium and disposed successively along a longitu-
dinal axis of the head units extendling generally
transversely to the direction of movement of the
record medium,

said magnetic core parts having respective diagonally -

extending portions extending at respective acute
angles to planes extending at right angles to the
plage of said core parts and at right angles to said
longitudinal axis, and

said head units having electrical ‘windings linking said
diagonally extending portions of said core parts and
having respective turns thereof disposed in sub-
stantially parallel planes at right angles to the plane
of said core parts and substantjally at right angles
to said longitudinal axis of the series of head units.

19. A transducer system comprising:

a series of head units for coupling to a record medium
and comprising respective core parts lying substan-
tially in a common plane and disposed successively
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almg a longitudinal axis of the head units extend-
ing generally transversely to the direction of move-
ment of the record meduim,

said head unit core parts comprising respective diago-
naily. extending core portions extending at an acute
angle to the longitudinal axis of the head units,

said head units having respective electric windings en-
circling the diagonally extending portions of the re-
spective core parts with the turns of the respective
windings extending substantially parallel to each
other and dispcsed in planes substantially at right
angles to the plane of said core parts and substantial-
Iy at right angles to the longitudinal axis of the
head units, and

a photoconductive grid comprising an area of photo-
conductive material lying substantially in a single
plane and respective pairs of elongated parallel con-
ductors extending parallel to each other and lying
in a plane substantially parallel to said single plane
of said photoconductive material and in :contact
therewith and electrically connected with the re-
spective windings of said head units,

said photoconductive material controlling electrical
coupling between the respective pairs of conductors
for controlling activation of said windings during a
transducing operation.

29. A transducer head assembly comprising:

a series of transducer head units having respective head
mnit conductors for coupling to respective channels
of a record medium for producing an electric signal
in the respective head unit conductors In accordance
with the signal fields recorded on the respective chan-
nels of the record medium,

said head unit conductors each having a region of
photoconductive material connected therewith and
responsive to change in the intensity of radiant en-
ergy -impinging thereon to activate the associated
head unit conductor,

means for sequentially changing the radiant energy
intensity impinging on the photoconductive regions
of the successive head units of said series to sequen-
tially activate said head units, and

signal output means comprising an equalizing circnit
cennected with the head unit conductors of said
head units to deliver an output signal in accordance
with the signal fields recorded on the channels of the
record medinm.

21. A transducer head assembly comprising:

a series of transducer head units having respective head
unit conductors for coupling to respective channels
of a record medium for producing an electric signal
in the respective head unit conductors in accordance
with the signal fields recorded on the respectlve chan-
nels of the record medium,

said head unit conductors each having a region of pho-
toconductive material connected therewith and re-
sponsive to a change in the intensity of radiant en-
ergy impinging thereon to activate the associated
head unit conductor,

means for sequentially changing the radiant energy in-
tensity impinging on-the photoconductive regions of
the successive head units of said series to sequentially
activate said head units, and

signal output means comprising an equalizing circuit
connected with the head unit conductors of said
head units to deliver an output signal in accordance
with the signal fields recorded on the channels of
the record medium,

said equalizing circuit having a frequency response char-
acteristic rising at approximately 6 decibels per oc-
tave over a frequency range of the order of from
10,000 cycles per second to 5 megacycles per second.

22. A transducer head assembly comprising:

a series of transducer head units having respective head
unit conductors for coupling to respective channels



3,318,997

25
of a record medium for producing an electric signal
in the respective head unit conductors in accordance
with the signal fields recorded on the respective chan-
nels of the record medium,

said head unit conductors each having a region of pho-
toconductive material connected therewith and re-
sponsive to a change in the intensity of radiant energy
impinging thereon to activate the associated head
unit conductor,

means for sequentially changing the radiant energy in-
tensity impinging on the photoconductive regions of
the successive head units of said series to sequentially
activate said head units, and

signal output means comprising an equalizing circuit
connected with the head unit conductors of said
head units to deliver an oufput signal in accordance
with the signal fields recorded on the channels of
the record medium,

said signal output means comprising a first stage of the
equalizing circuit,. an amplification circuit following
said first stage of the equalizing circuit and a sec-
ond stage of the equalizing circuit following said
amplification circuit, and

said equalizing circuit providing a frequency response
characteristic rising at approximately 3 to 12 decibels
per octave over a substantial frequency range.

23. A recording and playback system comprising:

a series of head units for coupling to a record medium
to record and playback signals thereon,

a series of electric circuits each coupled to one of said
head units for producing recording intensities at
the head units in accordance with the amplitude of
current flow in the respective electric circuits during
recording and for producing an output signal in
accordance with magnetic signal flux threading said
head units during playback operatiorn,

said electric circuits each having a radiant energy re-
sponsive material controlling the amplitude of cur-
rent flow therein and varying in impedance in ac-
cordance with the intensity of the radiant energy im-
pinging thereon,

means -for generating radiant energy capable of con-
trolling the impedance of said radiant energy re-
sponsive material and for supplying said radiant en-
ergy to the radiant energy responmsive material of
each of said electric circuits in sequence,

means for modulating the intensity of the radiant en-
ergy in accordance with a signal to be recorded to
correspondingly control the recording intensities pro-
duced at the successive head units of said series dur-
ing recording, and

means for varying the intensity of said radiant energy
in a predetermined manner during each scan of the
radiant energy responsive material of the electric
circuits to compensate for irregularities in the radi-
ant energy reseponsive material associated with the
successive electric circuits during playback operation.

24, Airansducer head assembly comprising:

a series of transducer head units having respective head
unit electric circuits for coupling to respective chan-
nels of a record medium for producing electric sig-
nals in the respective head unit electric circuits in
accordance with the signal fields recorded on the
respective channels of the record medium,

said head unit electric circuits each having a region of
photoconductive material conpected therewith and
responsive to a change in the intensity of radiant en-
ergy impinging thereon to activate the associated
head unit,

means for sequentially’ changing the radiant energy
intensity impinging on the photoconductive regions
of the successive head units of said series to sequen-
tially activate said head units, and

signal output means connected with the head unit elec-
tric circuits of said head units to deliver an output
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signal in accordance with the signal fields recorded
on the channels of the record medium.

25. A transducer head assembly comprising

a series of transducer head units having respective
head unit electric circuits for coupling to respective
channels of a record medium for reproducing an elec-
tric signal in accordance with the signal fields record-
ed on the respective channels of the record medinm,

said head unit electric circuits each having a region of
photoconductive material connected therewith and
responsive to a change in the intensity of light energy
impinging thereon to activate the associated head
unit electric circuit,

means for sequentially changing the light energy in-
tensity impinging on the photoconductive regions of
the successive head units of said series to sequentially
activate said head units, and

signal output means comprising a circuit. connected
with the head unit electric circuits of said head units
and having a characteristic where the output there-
from rises in direct proportion to freguency in a
frequency band including frequencies at least of the
order of 15,000 cycles per second.

26. A transducer head assembly comprising

a series of transducer head units having respective head
unit electric circuits for coupling to respective chan-
nels of a record medium for reproducing an. electric
signal in accordance with the signal fields recorded
on the respective channels of the record medium,

said head unit electric circuits each having a region of
photoconductive material connected therewith and
responsive 1o a change in the intensity of light energy
impinging thereon to activate the associated head
unit electric circuit,

means for sequentially changing the light energy in-
tensity impinging on the photoconductive regions of
the successive head units of said series to sequentially
activate said head units, and

signal output means comprising a circuit connected
with the head unit electric circuits of said head units
and having a characteristic where the cutput there-
from rises in direct proportion to frequency in a
frequency band including frequencies at least-of the
order of 15,000 cycles per second,

said regions of photoconductive material being se-
lected from the group consisting of cadmium sulfide
and cadmium selenide photoconductive material.

27. A recording system comprising:

a series of head units for coupling to-a record medium
to record intelligence thereon,

a series of electric circuits each coupled to one of said
head umits for recording on the record medium in
response to current flow therein;

said electric circuits each having a radiant energy re-
sponsive material controlling current fiow therein,

means for genmerating radiant energy capable of con-
trolling the current flow in said radiant energy re-
sponsive material and for supplying said radiant
energy to the radiant energy responsive material of
each of said electric circuits in sequence,

wherein the improvement comprises

a record medinm coupled to said series of head
units capable of storing intelligence in the form
of recorded fields of intensity which is variable
over a continuous spectrum of values,

means for operating said radiant energy generating
means to activate said head units sequentially
in each cycle and for cyclically activating said
head units at a scanning frequency of the order
of 15 kilocycles per second, and

means connected with said head units for modu-
lating the recording field intensities recorded on
said record medium by the successive head
units in accordance with a variable amplitude
signal.
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28, The transducer head assembly of claim 5 with

a record medium having respective channels thereof
coupled to said transducer head units and having
recorded fields thereon of variable intensity capable
of stimulating current flow in said head wunit con-
ductors in accordance with a variable amplitude sig-
nal recorded thereon.

29, The transducer head assembly of claim 28 with

said record medium having a variable amplitude video
signal recorded thercon with a line scanning rate of
the order of 15 kilocycles per second, and

means for moving said record medium at a speed to
produce an output signal in said signal cutput means
having said line scanning rate of the order of 15
kilocycles per second.

~ 30. The transducer head assembly of claim 2% with

said signal output means comprising a circuit having a
response characteristic where the output therefrom
rises in direct proportion to frequency in a fre-
quency band including frequencies at least of the
order of 15 kilocycles per second.

31. The transducer head assembly of claim 30 with

said regions of photoconductive material being selected
from the group consisting of cadmium sulfide and
cadmium selenide photoconductive material.

32. The transducer head assembly of claim 5 with

said photoconductive materia] being in the form of a

_ layer with electrically conductive strips thereon di-
viding the layer into the regions controlling current
flow in the respective head unit conductors.

33. The transducer head assembly of claim 32 with
each region of photoconductive material having a
length dimension of the order of 2%4 inches, and
said sequentially changing means being operative to

change the radiant energy intensity impinging on
substantially said length dimension of each region
in sequence to sequentially activate said head units.
34, The transducer head assembly of claim 33 with
said sequentially changing means comprising a cathode
ray tube having a scanning beam for producing a
luminescent output external to said tube and im-
pinging substantially on the entire length dimension
of each photoconductive region in succession to
sequentially activate said head units.
35. The transdocer head assembly of claim 34 with
said cathode ray tube supplying a beam of sheet con-
figuration, the beam of sheet configuration having
a cross section with a length dimension of the order
of 234 inches.
36. The transducer head assembly of claim 34 with
said cathode ray tube having first deflection means for
deflecting the scanning beam to scan each of said
conductive regions in succession, and the cathode
ray tube having second deflection means for de-
flecting the beam in a transverse direction, and
means connected with said second deflection means for
cyclically deflecting the beam transversely over a
path having a length of the order of 2V4 inches so
as.to excite substantially the entire length dimension
of each photoconductive region in succession during
each scanaing cycle,
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37. The multichannel magnetic playback system of
claim 12 with
a magnetic record medium having respective channels
thereof coupled to said magnetic head units and hav-
ing a variable amplitude video signal recorded there-
on with a line scanning rate of the order of 15 kilo-
cycles per second, and
means for moving said magnetic record medium at a
speed to produce the recorded variable amplitude
video signal in said output electric circuit means
with said line scanning rate of the order of 15 kilo-
cycles per second.
38. The multichannel magnetic playback system of
claim 37 with
said output electric means comprising a circuit having
a response characteristic where the output there-
from rises in direct proportion to frequency in a
frequency band including frequencies at least of the
order of 15 kilocycles per second.
39, The multichannel magnetic playback system of
claim 38 with
said photoresponsive regions being of photoconduc-
tive material selected from the group consisting of
cadmium sulfide and cadmium selenide.
40. The multichannel magnetic playback system of
claim 12 with
said photogrid comprising a layer of photoconductive
material and said pairs of first and second conductor
means comprising strips of electrically conductive
material dividing the layer into said series of photo-
responsive regions.
41. The multichannel magnetic playback system of
claim 40 with
each of said photoresponsive regions having a length
dimension of the order of 2% inches, and
said scanning radiant energy producing means produc-
ing a beam of radiant energy impinging on said re-
gions over a length thereof of the order of 214 inches.
42. The multichannel magnetic playback system of
claim 40 with
said scanning radiant energy producing means com-
prising a cathode ray tube having a scanning beam
of effective sheet configuration, the beam having a
cross section with a length dimension of the order
of 2¥5 inches for producing a luminescent output
external to said tube and impinging on said length
dimension of each said photoresponsive regions in
succession 10 sequentially activate said series of
magnetic head units.
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