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This invention relates to means for transform-
ing magnetic variations into electric variations
and more specifically to means for “reading” a
magnetic record upon which signals representa-
tive of the light-tone values of a picture or view
are recorded.

When an ordinary magnetic pick-up device is
used for reading a magnetic record, the currents
delivered by the pick-up coil have all been shifted
in phase by 90 degrees from that of the original
cuwrrent. This is caused by the fact that in the
magnetic pick-up the output current is propor-
tional to the rate of change of flux rather than to
the flux itself. 'This shift in phase of 90 degrees
is not important in the case of sound recording
as the human ear is insensitive to this shift. In
the case of television image currents, however, the
shift is enough to make the image unrecognizable
because a shift of 90 degrees is a variable shift
with respect to time even though it is a constant
angular shift. For example, a shift of 90 degrees
for a 30-cycle signal is a displacement in time of
1/120 of a second, while a shift of the same phase
angle for a 5000-cycle signal is a time displace-
ment of only 1/20,000 of a second. }

It is an object of this invention to provide a
reading or translating device for g magnetic rec-
ord which does not produce the above mentioned
phase shifts and which is suitable for use with
records of signals representative of g picture or
view which is to be reproduced in the form of a
facsimile or image by television methods.

It is a further object of the invention to pro-
vide inductionless means for translating mag-
netic variations into variations of an electronic
beam. ,

Another object is to provide means for trans-
lating magnetic variations into electric current
variations the amplitudes of which are propdr-
ticnal to those of the magnetic variations and
not dependent upon the frequency of the latter.
- In the ordinary magnetic pick-up device used
to translate a masgnetic record and similar de-
vices used. -elsewhere for translating magnetic
variations into electric variations, the amplitudes
of the electric variations are in part dependent
upon the frequency of the variations, thus pro-
ducing distortion of the current variations.

In an embodiment of the invention which is
given by way of example to illustrate the inven-
ticn, a yoke of soft iron is set up around a cath-
ode ray tube adjacent some pole-pieces of similar
material therein in such a manner that there are
two gaps in the magnetic circuit (in addition to
the gaps filled by the walls of the tube), one just

(CL 178-—5)

large enough for the magnetic tape or other mov-
able means carrying magnetic variations to pass
therethrough and the other through which the
electron beam passes. No magnetic coils are used
on this yoke which serves to guide the magnetic
flux from the tape directly to and into the cathode
ray tube so as to deflect the cathode ray beam
in such a manner that it divides its energy be-
tween a pair of anode plates connected in push-
pull manner. A relatively small accelerating
voltage, that is, of the order of hundreds of volts
or less, is preferably used for accelerating the
beam. generated in the cathode ray device so that
the beam is appreciably bent for the small fluxes
available. The two anode plates are preferably
connected, in opposition, to the primary winding
of a transformer, the mid-point of which is con-
nected through a battery to the accelerating an-
ode of the cathode ray tube. The output current
in the secondary winding of the transformer is
thus always substantially in phase with the flux
in the magnetic tape and the amplitude is inde-
pendent of the frequency of the signal. Another
advantage of this arrangement is the high output
due to the amplification of the original energy
because the entire energy of the electron beam is
controlled by the small flux in the tape.

It is found that this device operates satisfac-
torily when the yoke is of soft iron but a preferred
material is permalloy or other similar material
having high permeability at low’ magnetizing
forces.

The invention will be more readily understood
from the following description taken in.connec-
tion with the accompanying drawing forming a
part thereof, in which: o

Fig. 1 is a perspective view of an electronic
pick-up device for magnetic recording;

Fig. 2 is a transverse cross-sectional view of
the device shown in Fig. 1; and

Fig. 3 is a longitudinal cross-sectional view of
the device shown in . Fig. 1 taken from the top.

Referring more particularly to the drawing,
Fig. 1 shows in perspective an electronic pick-up
device for reproducing signals previously recorded
on a magnetic tape. The electronic pick-up ar-
rangement comprises a tape {0 adapted to be
passed through a narrow gap i1 in 3 magnetic
circuit 12 through g second gap 53 of which the
beam generated in a cathode ray device 13 is
adapted to pass, the deflection of the beam being
controlled by the signals on the magnetic tape.
The record member 10 is preferably a tape or
any suitable magnetic material about .001 inch
thick and .125 inch wide, the ends of which are
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secured to and wound on reels 14 and (5, respec-
tively. The tape {0 has been previously mag-
netized with signal currents in a manner well
known in the art. For an example of a suitable
arrangement for recording varying signals on
magnetic tape, reference may be made to Patent
1,944,238 to Clarence N. Hickman, issued January
23, 1934. The tape is preferably moved in the
gap |1 at the speed at which the signals were
recorded, any suitable means, such as the driving
means shown in the Hickman patent, being suit-
able for this purpose.

For the sake of clarity in describing the cath-
ode ray device 13, reference will now be made
to Fig. 3 which shows a longitudinal cross-sec-
tion of the cathode ray device 13 taken from the
top. The position of the yoke surrounding the
tube is indicated by dotted lines in this figure.
The device 13 preferably comprises a gas-tight
container 16 enclosing a cathode 7, an acceler-
ating anode 18, a second anode 19, a pair of mag-
netic pole-pieces 20 and 21, and a target or
screen T. '

The cathode 171 comprises a metal  cylinder
which is heated by a filament 22 supplied with
current by a suitable source of potential 21.: The
cathiode 17 may have a coating of material which
produces a large electron emission when heated.

The accelerating anode I8 comprises a long
cylinder surrounding the cathode 1T and having
an aperture plate 23 therein. The plate 23 is
locat=d near the end of the cylinder remote from
the cathode. Accelerating anode {9 comprises a
cylinder around one end of the cylinder 18 and
extending toward the target T. The cylinder {8
has a diaphragm 24 at the end near the target. T.
This diaphragm 24 has an aperture 25 therein
which is of substantially square or rectangular
cross-section. The anodes (8 and 19 together
comprise an electron lens system which focuses
a beam of electrons of a cross-section determined
by the shape of the aperture 25 upon the target T.
The inside of the container 16 contains a coating
26 of aquadag, this coating extending substantial-
ly from the region of the target T to the pole-
pieces 20 and 21. Accelerating anode {8 is placed
at a positive potential with respect to the cathode
{1 by means of a source of potential such as the
battery 28, and the anode {9 is placed at a posi-~
tive potential with respect to the anode i8 by
means of a source of potential such as the bat-
tery 29. 'The screen 26 is preferably placed at the
same potential as the anode 19.

The cathode #7 and the accelerating anodes 18
and 19 are supported from a bifurcated press 30.
Supporting wires 31 support the anode from the
outstanding portions-of the bifurcated press. A
flange 32 of insulating material surrounds the
end of the cylinder I8 near the target T and the
cylinder 19 is partially supported from this flange
by supporting wires 33, the cylinder 19 being fur-
ther supported by a disc 34 which is fastened to
the pole-pieces 20 and 21 by screws 35.

The target T comprises plates 40 and 41, a
screen or partition member #2 located between
the plates, and a mesh or grid member 43 parallel
to the plates and located a small distance in front
thereof. The plates 40 and 41 are electrically
connected to the primary winding 44 of an output
transformer 45, the secondary winding 46 of which
may be connected to any suitable circuit. The
partition member 42 is electrically connected to
the mesh screen or grid member 43 and to the
mid-point of the primary winding 44 of the trans-
former 45 through a source of potential 47 which
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is so poled that the partition member 42 and the
screen 43 are placed at a negative potential with
respect to the plates 40 and 41. 'The negative ter-
minal of battery 47 is also connected to the coat-
ing 26 and to the second accelerating anode 19.

Surrounding the cathode ray device 13 and com-
pleting the magnetic circuit 12 between the mag-
netic tape 10 and the cathode ray beam (which is
adapted to pass between the pole-pieces 20 and
21) is a yoke 50 of soft iron which is shown dia-
grammatically in Fig. 1 and in further detail in
PFig. 2. Supported in grooves in the two parts
of the yoke 50 are metallic pole-pieces 81 and
52 which are so placed as to leave a very narrow
air-gap 11 through which the magnetic tape 10
is adapted to pass. The yokes 50 terminate
around the cathode ray tube 13 adjacent the pole-
pieces 20 and 21 located within the tube.

The magnetic circuit 12 thus has two gaps
therein, the gap 1! which is large enough for. the
magnetic tape to pass therethrough and the gap 53
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through which the beam generated by the cathode .

and accelerated and focussed by the anodes 18 and
19 is adapted to pass on its path to the divided
target T. :

The operation of the electronic pick-up ar-
rangement shown in Fig. 1 will now be described.
Flectrons are emitted by the cathode 11, accel-
erated by the anodes 18 and 19, and focused by
these anodes in cooperation with the coating 26
into a beam of electrons which is directed toward
the target or screen T. A relatively low voltage is
used to accelerate this beam as, for example, of
the order of 100 volts. Because of this low volt-
age the beam may be appreciably bent when it
passes between the pole-pieces 20 and 21 due to
the magnetic flux present in the gap between the
pole-pieces. Let it be assumed that a portion of
the tape 10 having no signals impressed thereon
is in the gap 11 of the magnetic circuit 12. When
this condition exists, the electron beam is not
bent as it passes between the pole-pieces 20 and
2{ and the energy of the beam is evenly divided
between the two target plates 40 and 41. Due
to the fact that the plates 40 and 41 are hooked
up in push-pull fashion, no current will flow in
the secondary winding 46 of the transformer 45.
Now assume that the portion of the tape 10 hav-
ing a signal current impressed thereon is passing
through the gap Ii. The flux from this mag-
netic tape thus passes through the magnetic cir-
cuit 12 and causes the beam to be bent in such a
manner that its energy is divided unequally be-
tween the two plates 40 and 41. The balance
between the currents flowing in the primary wind-
ing 44 of the transformer 45 is thus disturbed
and an output current flows in the secondary
winding 46 of the transformer 45 which is pro-
portional to the signal magnetically recorded on
the tape.

The accompanying drawing shows one preferred
dimensioning of the various parts of a structure
in accordance with the invention. The main
diameter of the actual cathode ray tube shown is
one and three-fourths inches, all dimensions in
the drawing being scaled down in the same ratio.

In order to more fully study the operation of
this device let it be assumed that the recording
electromagnet used with the ordinary magnetic
tape recorder induces magnetization proportional
to the amplitude of the current flowing in the
coils. Suppose that an alternating current of
the form a=A sin «t is put - into the recorder.
The intensity of the resultant flux through the
tape will be p=KA sin «t. The voltage delivered
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by the pick-up coils (assuming for the moment
that an ordinary electromagnetic plck-up device
is used) will be given by the equation.

:—:=Agm cos wt

Thus with this form of
quenclessreshlftedmpbasebysodegrees and
the output is proportional
ample, for equal input amplitudes a 30-cycle sig-
nal will be down 40 declbels as compared with a
signal of 3000 cycles in the output current. This

As the tape moves through the gap {4, its flux
is guided by the yoke 58 to the cathode ray tube
13 where it deflects the electron beam by shift-
ing it away from anode plate 48 towards the

and the intensity of the flux at any point meas-
ured by measuring the differential anode current
in the tube.

Even with the Iow

accelerating voltages used
in this tube, there is

Some secondary emission
from anode plate 40 to ancde plate 44 and vice
versa which tends to distort the signal in the
output circuit. In order to prevent this, the par-
tition member 42 and the screen 43 which are
blaced at a negative potentiaj with respect to
the average value of the

the secondary
48 and 81 to

For a more
complete description and method of operation
of partition members and mesh screens to pre-
veni secondary emission in tubes of this char-
acter, reference may be made to an application
of A, M. Skellett, Serial No. 134,068, filed March
31, 1937. .

pick-up device all fre- .

3

Various modjﬂcations may oBvlously be made -

without departing from the spirit of the inven-
tion, the scope of which is defined by the append-
ed claims. )

What is claimed is:

1. The combination with an electron heam
discharge tube of beam deflecting means com-
prising a magnetic flux path

and said record member.

2. The combination with an electron beam
discharge tube of beam deflecting means com-
prising a magnetic flux path of high permeabil-
ity terminating at one end within the tube in g
pole-piece in the vicinity of saiq beam and at
the other end in a surface of ares small enough
to read a magnetic tape record of the kind used
to record speech-and other signals, . :

3. The combination with g magnetic circuit,
of an electric beam
said circuit, a magnetic signal record member in
& second gap in said circuit, and means for pro-
ducing relative movement between said circuit
and said member, :

arranged so as to define

‘an air-gap of smalj area, of an electron beam

discharge tube located between the legs of sald
yoke, said discharge tube having therein g pair
of pole-pieces of magnetic material which Dbole-
bieces have g NAarrow. gap therebetween through
which said beam passes,

5. In combination, g magnetic tape record of
& varying current, an electron discharge device
comprising means for generating a flow of elec-

record
of said flow of electrons.
6. A cathode ray device comprising means for

_with the suceessive variations of said record

member to thereby change the distribution of
electrons between the anodes.

7. A cathode ray device comprising means for
gerierating g beam of electrons, a pair of anode
members in the path of said beam, egch anode
being in the neutral position of the beam cop-
tacted by substantially half the electrons of said
beam, a magnetic record member, g path of high
bermeability between said magnetic recorqd and
said beam for causing said beam tg be deflected
in accordance with the successive variations of
said record member to thereby change the dis-
tribution of electrons between the anode mem-
hers, and electrode members associated with said
pair of anode members to prevent secondary elec-
trons emitted from one anode member from
passing to the other anode member,
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8. A cathode ray device comprising means for |

generating a beam of electrons, g pair of anode
members in the path of said beam, each anode
being in the neutral position of the beam con-
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tacted by substantially half the electrons of sald
beam, a magnetic record member, a path of high
permeability between said magnetic record and
said beam for causing said beam to be deflected
in accordance with the successive variations of
said record member to thereby change the dis-
tribution of electrons between the anode mem-
bers, and an external circuit connected to said
anode. ) -

9. The combination with a yoke of magnetic
material of a pair of tapered pole-pieces within
an electric discharge tube, and adjacent the re-
spective legs of said yoke, said yoke having a
gap therein external to said tube, and means
within said tube for directing the electric dis-
charge between said pole-pieces. .

10. The combination with & yoke of magnetic
material of a pair of tapered pole-pieces within
an electric discharge tube and adjacent the re-
spective legs of said yoke, said yoke having a gap
therein external to said tube, means within said
‘tube for directing the electric discharge between
said pole-pieces, and means for applying & vary-
ing magneto-motive force to said yoke from with-
in said external gap.

11. The combination with a ycke of magnetic
material of a pair of tapered pole-pieces within
an electric discharge tube, said yoke having a gap
therein external to said tube, means within said
tube for directing the electric discharge between
said pole-pieces, means for applying a varying
magneto-motive force to said yoke from within
said external gap, and means for utilizing the
resultant change of direction of the elegtric dis-
charge to.set up corresponding current variations
in a circuit external to said tube.

12. The combination with a yoke member of
magnetic material, a vacuum tube extending be-
tween the extremities of the legs of said member,
and tapecred members of magnetic material
mcunted inside said vacuum tube in such position
that their outer extremities register respectively
with the extremities of sald yoke member and
their inner extremities are spaced apart to form
a small gap therebetween.

13. A cathode ray tube comprising a cathode
for emitting electrons, a target, means for form-
ing said electrons into a beam and directing said
Leam toward said target and members of mag-
netic material mounted between said cathode
and said target, each member consisting of a
tapered element having its outer and larger por-
t'on shaped to conform to the contour of the
tube wall and its inner and smaller portion ad-
jacent the path of the cathode beam.

14. The combination with an electron beam
discharge tube, of means for deflecting said beam
comprising a magnetizable element having differ-

“ent portions differently magnetized, a magnetic

flux path extending from pole pieces within the
tube in the vicinity of said beam to the vicinity
of said element, and means for moving said ele-
ment so that said portions in succession vary the
flux of said flux path. . :
15.- The combination with an electron beam
discharge tube, of a magnetic flux path includ-

ing a yoke of material of high magnetic perme-

ability and having a gap through which said beam
passes and a second gap at a distance from said
beam, a magnetic record element located in said
second gap, and means for moving said element
through said second gap. .
16. A device for reading magnetic record ele-
ments-comprising the combination with an elec-
tron beam discharge tube, of a magnetic flux

_portions of said legs
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path including a yoke of material of high per-
meability, said yoke being divided into two legs
and each leg being divided into two parts with
one part of each being external to said tube and
the other in alinement therewith within said tube,
both said parts being shaped to closely fit the
contour of the tube wall and being substantially
in contact therewith, said parts within said tube
being spaced to form a Narrow gap between which
the electron beam passes, and said external parts
peing spaced to form another narrow gap suit-
able for having a magnetic record element passed
therethrough.

17. The combination with an electron beam
discharge tube, of a magnetic flux path including
a yoke: of material of high magnetic permeability
outside said:tube, each of the two legs of said
yoke terminating at opposite sides of the wall of
said tube and conforming to the shape of sald
wall, tapered pole-pieces within said tube and
respectively in alinement with-said shaped out-
gide portions of said legs and shaped to fit the
wall of said tube, said pole-pieces being posi-
tioned to form a gap therebetween, means for

forming and projecting a beam of electrons :

through said gap, the dimension of said gap per-
pendicular {o the axis of said beam being only
slightly greater than the dimension of the beam
in that direction, and a target for said beam at
a distance from said gap many times the dimen-
sion of said gap in the direction of the axis of
the beam, each of said legs being tapered at its
extremity opposite the one at said wall and form-
ing  with the corresponding extremity of the
other leg a small gap of the order of the size
of said first-mentioned gap. :

18. The combination with an electron beam
discharge tube of a magnetic flux path including
a yoke of material of high magnetic permeability
outside said tube, each of the two legs of said
yoke terminating at opposite sides of the wall of
said tube and conforming to the shape of said
wall, tapered pole-pieces within said tube and
respectively in alinement with said shaped outside
and shaped to fit the wall
of said tube, said pole-pieces being positioned to
form a gap therebetween, means for forming and
projecting 2 beam of electrons through said gap,
the dimension of said gap perpendicular to the
axis of said beam being only slightly greater than
the dimension of the beam in that direction, and
a target for said beam at a distance from said
gap many times the dimension of said gap in the
direction of the axis of the beam, each of said
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legs being tapered at its extremity opposite the 65
one at said wall and forming with the corre- -

sponding extremity of the other leg a small gap
of the order of size of said first-mentioned gap,
the dimensions of said gap within said tube in
the direction of the axis of the beam being much

greater than its dimensions at right angles -

thereto. .

19. The combination with an electron beam
discharge tube of a magnetic flux path includ-
ing a yoke of material of high magnetic perme-
ability outside said tube, each of the two legs
of said yoke terminating at opposite sides of the
wall of said tube and,}}conforming to the shape of
said wall, tapered pole-pieces within said tube
and respectively in alinement with said shaped

outside portions of said legs and shaped to fit the -

wall of said tube, said pole-pieces being positioned
to form a gap therebetween, means for forming
and projecting a beam of electrons through said
gap, the dimension of said gap perpendicular to
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the axis of said beam being only slightly greater
than the dimension of the beam in that direction,
and a target for said beam at a distance from
said gap many times the dimension of said gap
in the direction of the axis of the beam, each
of said legs being tapered at its extremity oppo-
site the one at said wall and forming with the
corresponding extremity of the other leg a small
gap of the order of size of said first-mentioned
gap, said means for broducing and Projecting
said beam comprising -3 gun structure and means
for supporting said
on said gun structure.

20. The combination with an electron beam
discharge tube comprising an evacuated con-
tainer substantially free of gas content enclos-
ing means for generating a beam of electrons,
a target comprising two elements spaced from
each other, and a pair of Dole-pieces on opposite
sides of the beam, and means outside said en-
closure for deflecting said beam from one of said
target elements to the other so that the energy
of the beam is divided between said elements
comprising a magnetizable element having differ-
ent portions differently magnetized, and magnetic
flux paths extending from the vicinity of said
pole-pieces within the tube to the vicinity of said
magnetizable element, and means for moving
said magnetizable element so that said differ-
ently magnetized portions in succession vary the
flux in said paths to vary the distribution of
said beam between said target portions.

21. A cathode ray device comprising means for
generating a beam of electrons, a target for said
beam having two portions displaced from each
other, a transformer, means for connecting the
primary of said transformer between said two
portions of said target, means for connecting
substantially the midpoint of said primary to said
beam generating means, means for connecting
the secondary of said transformer to an output
circuit, a pair of pole-pieces within said tube be-

pole-pieces within said tube

S

tween said beam generating means and said tar-
get member, a magnetic signal record member,
a magnetic flux path comprising two leg mem-
bers of magnetic material extending from a re-
gion closely adjacent said pole-pieces to a re-
gion on opposite sides of and closely adjacent
the magnetic record member, and means for
moving said magnetic record member in the gap
created by the space between said legs so that
said beam is caused to divide its energy between
the two portions of the target member in such g
manner that an amplified output current is pro-
duced in the secondary of said transformer,

22. A cathode ray device comprising means for
generating a beam of electrons, a target for said
beam having two portions displaced from each
other, a transformer, means for connecting the
primary of said transformer between said two
portions of said target, means for connecting
Substantially the mid-point of said primary to
said beam generating Ineans, means for con-
necting the secondary of said transformer to an
output circuit, a pair of pole-pieces within said
tube between said beam generating means and
said target member, a magnetic signal record
member, a magnetic flux path comprising two
leg members of magnetic material extending
from a region closely adjacent said pole-pieces
to a region on opposite sides of and closely ad-
Jacent the magnetic record member, means for
moving said magnetic record member in the
gap created by the space between said legs so
that said beam is caused to divide its energy be-
tween the two portions of the target member in
such a manner that.an amplified output current
is produced in the secondary of said transformer,
and means between said two portions of said
target for preventing secondary electrons caused
to be emitted by the primary beam impinging
upon each of said target portions from passing
to the other of said target portions.
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