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Patent No. 2,900,443, dated Auvg. 18, 1959, Divided
and this application Aug, 19, 1959, Ser. No. 832,848

3 Claims, (CL 178—6.6)

This invention relates to the reproduction of magneti-
cally recorded signals and particularly to the reproduction
of video signals generated by moving visual images.

One of the principal features and objects of the present
invention is the provision of a method and means for

reproducing a recorded video signal such as a television
signal.

Another object of the present invention is to provide
a novel method and means for translating a magnetic
signal into an electrical signal.

A further object of the present invention is to provide a
novel magnetic reproducer head and a novel magnetized
record for reproduction by said head.

Other objects and features which we believe to be char-
acteristic of our invention are set forth with particularity
in the appended claims. Our invention itself, however,
both as to its organization, manner of consiruction, and
method of operation, together with further advantages
and objects thereof, may be best understood by reference
to the following description taken in connection with the
accompanying drawings, in which:

FIGURE 1 is a diagrammatic showing of a video rec-
ording system and a video reproducing system as they
might be employed in recording and monitoring a video
* signal, and embodying the novel teachings and principles
of the present mventlon,

FIGURE 2 is a fragmentary diagrammatic plan view
of a portion of a lengthy magnetizable medium magnet-
ized in accordance with the novel teachings and principles
of the present invention;

FIGURE 3 is a fragmentary diagrammatic showing of
a lengthy magnetizable medium magnetized in a second
manner;

FIGURE 4 is a fragmentary diagrammatic plan view
of a lengthy magnetizable medium magnetized in a third
manner; -

FIGURE 5 is a fragmentary diagrammatic plan view of
a lengthy magnetizable medium magnetized in a fourth

_manner;

FIGURE 6 is a diagrammatic side view of an electro-
magnetic reproducer head embodying the novel teachings
and principles of the present invention, and indicating an
électric circuit for detecting the video signal produced
by the head; '

FIGURE 7 is an end elevational view of the reproducer
head of FIGURE 6 looking from the right in FIGURE 6
and with a portion of the lengthy magnetizable medium
broken away;

FIGURE 8 is a fragmentary horizontal sectional view
of a reproducer head of FIGURE 6;

FIGURE 9 .is a diagrammatic elevational view. of a
further form of electromagnetic reproducer head embody-
ing the novel teachings and principles of the present in-
vention; )

FIGURE 10 is a fragmentary front elevational view of
the magnetic grid wire assembly of the head of FIG-
URE 9;
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FIGURE ilisa fragmentary cross-sectional view taken -

substantially along the line IX—IX of FIGURE 10;

FIGURE 12 is a diagrammatic side elevational view
of a still further form of electromagnetic reproducer
head embodying the novel teachings and principles of the
“present invention;

70
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FIGURE 13 is an end elevational view of the repro-
ducer head of FIGURE 12 looking from the right in FIG-
URE 12 and with a portion of the lengthy magnetizable
medium broken away; and

FIGURE 14 is a fragmentary enlarged vertical sec-
tional view taken substantially along the lines XIV—XIV
in FIGURE 13.

In FIGURE 1 is illustrated the complete overall sys-
tem of the present invention as it might be employed for
example in recording a television program and contem-
poranecusly reproducing the - recording for purposes
of monitoring.. In such a case, the tape portions
A, A’ passing respectively over a recording head
B and reproducer head C could be part of the same
tape. In any event, the tape portion A represents an
elongated magnetizable medium which may be delivered
at a substantially uniform rate from a supply reel D and
may first travel over an erase head E, then possibly a
polarizing head F, and thereafter may travel over bias
head G and the video electromagnetic recording head B
and preferably an audio electromagnetic recording head
1. The tape portion A’ has a video signal and preferably
an audio signal recorded thereon and is passed over the
video electromagnetic reproducer or playback head C
and an audio electromagnetic reproducer head K and is
thén wound on a take-up reel L at a substantially uniform
rate. The video reproducer head C is shown in detail
in FIGURES 9, 10 and 11, and will be specifically de-
scribed hereinafter. The polarizing head F might be used
in conjunction with a D.C. erase head E to depolarize
the tape prior to recording thereon. The bias head G
would likewise be used to aid in depolarizing the tape.
If a high frequency erase head were used, the bias head
would produce a high frequency bias field and the polar-
izing head F would not be used. The bias field could
be produced by the recording head B as will hereinafter be
described.

As indicated in FIGURE 1, the video signal to be re-
corded may be supplied to the video amplifier 1, for
example from a television receiver, or from television pro-
gram lines, and the horizontal sweep generator 1’ may
receive a synchronizing signal from the same source. The
audio input may be supplied from the discriminator
stage of a receiver or from audio lines to the audio am-
plifier 2 for the audio recording head I. A bias ocil-
lator 2 may supply the bias field to the head I instead
of using a separate bias head. The electron gun control
3 is represented as supplying the recording tube filament,
plate, and beam supply voltages as well as control voltages
for focus, positioning, intensity and the like, while erase-
bias supply 4 furnishes érasing, polarizing and bias volt-
ages.

In the playback system, the video signal detected by
reproducer head C is delivered to the video amplifier
5 and the amplified signal controls a conventional tele-
vision. picture tube P, for example. The video amplifier
may be provided with a conventional D.C. restorer cir-
cuit if desired. The output from the video amplifier 5

-may be wvsed to synchronize the horizontal sweep gen-

erator 6 for the reproducer head C and the deflection gen-
erators of the kinescope supply 7 for the picture tube P,
or in some cases, as for example if the video signal
is' being transmitted, a master sync. generator can be
used to synchronize the sweep generator 6 and deflec-
tion generators of the picture tube: The audio signal
cn the tape A’ is detected by the audic reproducer head
K and transmitted through audio amplifier -8 to the
speaker S. The electron gun supply 9 is indicated as
furnishing filament, plate and beam supply voltages for
the playback tube C as well as control voltages for focus,
positioning and the like.

The manner in which magnetlzation is impressed on a
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tape 2116 by the head B of FIGURE 1 is indicated dia-
grammatically in FIGURE 2. Each horizontal sweep of
a scanning beam in the head B produces a transverse line
111 of magnstization on the tape. This line 111 corre-
sponds to a line of the video signal. If the video signal
comprises a moving visual image which is transmitted by
scanning the image a number of times a second, a mag-
netic reproduction of that image will appear on the tape
118, though the image might be elongated laterally or
longitudinally, and each compiete scanning or frame of
the moving image will have a magnetic counterpart in a
frame 132 on the lengthy magnetizable medium 118, In
fact, if magnetic particles were dusted on the film, an
actual image corresponding to the image of the video sig-
nal would appear at each frame. The advantage of
recording the video signal line for line and frame for
frame in this manner is that in reproduction, the tape
need not be scanned exactly line for line, but may be
scanned between lines, or even longitudinally instead of
transversely, that is the magnetic image nced not be
scanned in reproduction in the identical way in which it
was recorded.

In order to facilitate scanning of the recorded magaetic
image, it is desirablie to have adjacent lines of the mag-
netic image overlap. Such overlapning can be accom-
plished, for example, by utilizing a transducer lamination
in the head B of the thickness of 0.001 inch with the
tape traveling at the rate of fifteen inches per second.

With double interlaced scanning, two “frames” make
each picture, but the above cited advantages still hold,
though not as perfectly as with a series of complete pic-
tures. Where it is practical to do so, it is preferred to
record complete rather than interlaced pictures. A record
having complete pictures can be converted to the inter-
laced type, by ofiset heads, for example.

FIGURE 3 illustrates a lengthy magnetizable medium
128 wherein three lines of a video signal 121, 122 and
123, for example, are located generally in the same trans-
verse row across the tape. For the same size tape, this
reduces the speed of scanning by a factor of three. Such
a magnetic recording would be preduced with the record-
ing head of FIGURE 1, if the beam were moved across
the target at one-third the scanning speed of the video
signal being recorded. Each frame on the tape would
then comprise three transversely aligned frame portions
%25, 126 and 127. In this case, while each frame por-
tion couid be scanned separately to reproduce an image,
such an fmage would not be satisfactory, since only one-
third of the lines originally scanned are included in the
image. A record of this type has the advantage of re-
duced scanning rate, by a facior depending on the num-
ber of columns. A slower scanning rate is important
when the system contains mechanical elements, or where
inductive reactances, transmit time, etc. are problems.

In FIGURE 4 is shown a record member similar to
FIGURE 2 in having a single line of video signal across
the width of the tape, but in which each magnetic line
139 on the tape is curved, as would be produced by the
head B of FIGURE 1 if the transducer device were curved
along its longitudinal axis. The frames 131 are spaced
serially along the tape as in FIGURE 2. An arc shaped
path gives a longer line for a given tape width. This typs
of pattern is also an advantage when used with certain
mechanical scanners.

In FIGURE 5 each frame 135 comprises frame por-
tions 136, 137 and 138 in an arcuate pattern across the
tape. '

Any one of the tapes illustrated in FIGURES 2 to §
may be perforated at one edge as indicated at 148 in
FIGURE 3 for synchronizing the speed of the tape with
the video signal, or a synchromnizing control may bs
actuated by pick-up from the maganetic frame pattern
recorded on the tape; the control signals being amplified
and used to correct for phase errors of the tape with re-
spect to the pick-up head. An audio sound track may
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4
run along an edge of the tapes as indicated in FIGURE 2
at 146.

In FIGURES 6, 7 and 8 is illustrated an electromag-
netic repreducer head according to the present invention.
The head comprises a cathode ray tube 268§ provided
with an electrode assembly including an electron emitter
261 and accelerating and focusing electrodes such as 292
and 293 producing an electron beam 206 having con-
siderable vertical extent as indicated in FIGURE 6. Such
a beam will be termed a wide beam, wide referring to the
vertical extent of the beam in the orientation of the tube
illustrated. Horizontal deflection coils 264 and 205 are
illustrated for sweeping the electron beam 296 back and
forth across the tube end wall 208. A magnetic tape 210
having a video signal recorded on the magnetizable coat-
ing thereof is moved across the exterior of the end wall.
The tape may also have an audio signal indicated at 289
recorded at one edge thereof for reproduction by a con-
ventional head. A similar sound track is indicated at
146 in FIGURE 2. As indicated in FIGURES 7 and 8,
the head is preferably disposed within the tube end wall
2¢8 as indicated in solid outline at 2134, or it may be
located to ome side at 2335, It may also be located in
advance of the head at 213c. With the audio head in
line with the video head as shown in 213q or 213b, a
record tape is made which can readily be edited because
picture and sound cerrespond.

The magnpetic signal recorded on the tape is utilized
to deflect the wide electron beam 286. To this end a
large number of high permeability wires 214 are em-
bedded in the end wail 268 of the tube. These wires are
indicated diagrammatically only in FIGURES 6 and 8.
There may be, for example, 500 of them in a two inch
tube wall, and they may be made of 4750 alloy, which has
the same coefficient of expansion as glass and thus makes
possible a good seal. As the tape passes the exterior ends
of the wires, magnetic fields are set up through the wires
which may extend as indicated as 215 in FIGURE 8. It
will be observed that the fields extend generally in a
horizontal plane between adjacent wires and generally at
right angles to the beam. Thus the beam will be deflected
either upwardly or downwardly depending on the polarity
of the fields. Collector plates 217 and 218 are located
above and below the wires to collect the deflected elec-
trons. The bafile plates 219 and 220 accurately control the
width of the electron beam reaching the region of the
coliector plates regardless of small variations that usually
occur in cathode ray tubes, and the magnetic fields 213
alter the proportion of the electrons traveling to each of
the collector plates 217 and 218.

As indicated in FIGURE 6, the output from collector
plates 217 and 218 may be delivered to the grids of a
pair of tubes 221 and 222 of the push-pull amplifier by
means of conductors 223 and 224. The video output
from the push-pull amplifier may be delivered to a video
amplifier for further amplification. The elements at the
face of the tube, and coatings on the sides of the tube
indicated at 226 in FIGURE 8, are charged positive with
respect to the electron gun, for focusing and acceleration.
A low voltage beam is preferred because it allows greater
sensitivity to deflection by the magnetic elements. Only
one of the collector elements 219 or 220 may be used
with a single ended video amplifier.

In FIGURES 9, 10 and 11 is illustrated a second em-
bodiment of the electromagnetic reproducer head of the
present invention. This head comprises a tube 238 pro-
viding a curved path for an eleciron beam 231. The
beam is generated by an electron gun 233 and may be
directed through an elongated slit 234 in a baffle plate
236 by means of vertical positioning plates 237 and 238
or. by other suitable means. The beam is illustrated as
being deflected downwardly to the target plates 239, 249
by means of electrostatic defiecting plates 241, 242, how-
ever magaetic deflection means could be used advanta-
geously. The horizontal sweep plates 243 cause the beam
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to cyclically travel across the length of the target plates
239, 240 which act similarly to target plates 217 and
218 in FIGURE 6. The reproducer head of FIGURE 9
differs from that of FIGURE 6. in that the magnetic field
of the record medium 245 is applied to the beam at a
point remote from the target plates so that the effect
of the field on the beam is amplified; that is, greater
displacement of the beam at the target plates is obtained
for a given applied magnetic field.

The magnetic field of the tape 245 is applied to the
beam by means of a magnetic grid 247 extending across
the path of the beam 231. As shown in FIGURES 10
and 11, this grid comprises a plurality of vertically ex-
tending members 249 of high permeability material which
protrude through the tube wall 250 at the elbow 251
therein, FIGURE 9. The wires are sealed in the tube
wall at the top and may project above the tube wall
slightly as indicated in FIGURES 10 and 11 to receive
the tape thereacross. The wires may be connected by a
metallic non-magnetic support bar 252 at their lower
ends and electrical connecticn may be made to the sup-
port bar 252 to maintain it at a desired potential relative
to the beam. As indicated in FIGURE 11, the beam
passes between adjacent magnetic grid wires 249 and is
deflected downwardly to a greater or lesser extent de-
pending on the strength of the magnetic field between
the pair of grid wires 249 through which the beam is
momentarily passing. The beam may tend to spread
somewhat as the target plates are approached, the pro-
portion of the electrons reaching each plate depending
on the signal on the tape 245. It will be apparent that

one target plate could be utilized which would receive .

varying amounts of electrons depending on the magnetic
signal on the tape. A single ended output amplifier 255
may receive the signal from the target plates.

In FIGURES 12, 13 and 14, a further form of electro-
magnetic reproducer head according to the present in-
vention is illustrated. The head comprises a cathode
ray tube 270 having a branch tube 271 for collecting
secondary emission electrons. The tape 272 having a
magnetizable portion with a video signal recorded thereon
is passed across the end of the tube in a manner similar
to that in recording. An electron gun 274 supplies a
stream of electrons 269 which is swept back and forth
across the end wall of the tube by means of horizontal
deflectors 275. Vertical adjustment of the beam is af-
forded by vertical deflectors 276 which may be used to
initially adjust the beam vertically to impinge upon a slit
or window 277, shown greatly enlarged in FIGURE 14,
in the end wall 273 of the tube, Baffle plates and a wide
beam may be used to keep the beam accurately on the
slit surface, or alternatively automatic control of the
deflection voltages may be used. The slit is preferably
closed by means of an elongated horizontally extending
strip 278 of non-magnetic conductive material, such as
beryilium copper having a base layer 279 of silver oxide
and a coating 280 of caesium deposited thereon:. Since
beryllium alone is a good secondary emitter, the other
materials are not necessary in all cases.  The slit is
preferably very narrow in order to'give good resolution
and the strip 278 very thin.

The reproduction is accomplished by moving the mag-
netized tape 272 across the exterior surface of the strip
278 so that the magnetic field of successive transverse
portions of the magnetized tape extends into the interior

of the tube to influence the secondary stream of electrons.

282 emitted progressively across the coating 288 of the
strip 278 as the scanning beam 269 sweeps across the
stfip. An accelerating and focusing electrode 283 di-
rects the stream 282 to the video output collector 284,
the electrode 283 preferably being shaped to give a linear
gradient along the length of the collector 284. correspond-
ing to the gradient established along the length of the
strip 278 by the magnetized tape. Video collector 234
may also be made to operate like elements 217 and 218
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in FIGURE 6, but on the secondary instead of primary
electron stream. Instead of the target 284, an electron
multiplier may be provided to give an amplified video
output. Thus the unmodulated scanning beam 269 regu-
lates the timing of the horizontal scanning stream 282
and the magnetized tape 272 operates to modulate the
stream in accordance with the video signal recorded on
the tape. The target plate 284 may operate on a prin-
ciple analogous to the plates 239 and 240 in FIGURE 9
and a single ended amplifier such as there shown may be
utilized to amplify the output from the plate 284.

The present application is a division of my earlier ap-
plication Serial No. 281,939, filed April 11, 1952, now
U.S. Patent No. 2,900,443, issued August 18, 1959.

It will be understood that modifications and variations
may be effected without departing from the scope of the
novel concepts of the present invention.

I claim as my invention: ’

1. A magnetic record comprising

(a) a magnetic record medium having a series of lines
recorded thereon extending generally transversely to
the direction in which the record medium is to be
moved, the successive recorded lines corresponding
to the successive elemental lines of a series of im-
ages,

(b) each recorded line comprising a series of recorded
magnetic fields of successive amplitudes proportional
to the respective intensities of the corresponding por-
tions of an elemental line of one of said images,

(¢) the recorded fields of adjacent recorded lines cor-
responding to adjacent elements of the image repre-
sented thereby being in alignment in said direction in
which the record medium is to be moved so that
said recorded images on the record medium corre-
spond to said series of images, and

(d) the center to center spacing between successive
recorded lines associated with a _given recorded im-
age being less than about .001 inch with the width
of the successive recorded lines being approximately
equal to the center to center spacing between suc-
cessive recorded lines.

2. A magnetic record comprising

(a) a magnetic record medium having a series of lines
recorded thereon extending generally transversely to
the direction in which the record medium is to be
moved, the successive recorded lines corresponding
to the successive elemental lines of a series of im-
ages,

(b) each recorded line comprising a series of recorded
magnetic fields of successive amplitudes proportional
to the respective intensities of the corresponding por-
tions of an elemental line of one of said images,

(¢) the recorded fields of adjacent recorded lines cor-
responding to adjacent elements of the image repre-
sented thereby being in alignment in said direction in
which the record medium is to be moved so that
said recorded ficlds define a succession of recorded
images on the record medium corresponding to said
series of images, and

(d) the center to center spacing between successive
recorded lines associated with a given recorded im-
age being less than about .001 inch with the width of
the successive recorded lines being approximately
equal to the center to center spacing between succes-
sive recorded lines,

(e) said recorded magnetic fields producing lines of
flux at the active surface of the record medium which
are directed generally along said recorded lines of
magnetization and transversely to said direction in
which the record medium is to be moved.

3. A magnetic record comprising-

(@) a magnetic record medium having a series of lines
recorded thereon extending generally transversely to
the direction in which the record medium is to be
moved,
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(b) there being a plurality of lines successively trans-
versely offset and in transverse alignment to form a
number of columns of lines extending in said direc-
tion in which the record medium is to be moved,

(c) the number of columns being of the order of three,

(d) each line comprising a series of recorded fields of
successive amplitudes proportional to the respective
intensities of the corresponding portions of an ele-
mental line of an image, and )

(e) the recorded fields of adjacent lines of each col-
umn in said direction in which the record medium
is to be moved corresponding to aligned elements of
said image which elements are in alignment with re-
spect to the direction at right angles to the elemental
lines of said image.
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