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TELEVISION BECEIVING SYS';‘EM
Adolph Henry Rosenthal, New York, N. Y., as-
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(CIL. 178—71.5)

‘64 Claims.

The present invention relates to signal repro-
ducing systems, such as for television reception.

It has been proposed to use in a television re-
ceiver an image screen, the opacity or the re-
flecting power of which changes from point to
point according to the intensity values of the
received picture signals, so that such a screen if
viewed directly or imaged by the light from a
separate source on to another screen gives a
representation of the picture. For such screens
it has been proposed to use mechanical shutters,
electro-optical or dichroic media, orientation
effects in colloids and like substances, the
changes in opacity or reflecting power being usu-~
ally effected by scanning the screen with a cath-
ode ray beam modulated in intensity in accord-
ance with the received picture signals.

‘The present invention is concerned with o
novel form of screen of this type, and to this
end makes use of certain physical effects, dis-
covered and investigated in connection with work
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on electric conduction in solid bodies, these ef- -

fects also being.closely connected with clectrical
and thermal changes in luminous phosphors, and
with the formation of the photographic image.

If certain crystals, which are normally trans-
- parent to visible light, are struck by a beam of
cathode rays, X rays, radium rays or by light of
a suitable wave length, a deposit of opaque mate-
rial, which is constituted by what will herein-
after be referred to as “opacily centres,” is
created in this crystal, the degree of opacity de~
pending on the intensity of the incident radia-
tion. Examples of such crystals are many of the
alkali and alkaline earth halides, such as the

chlorides, bromides and iodides of sodium and

potassium, lithium bromide, calcium fluoride, and
strontium fluoride, and chloride; and also certain
silver salts such as silver bromide. All these crys-
tals belong to the class of the so-called “ionic crys-
tals,” in which there are electrically positive and
-negative components, and the forces that hold
these components together are electrostatic, at
least in part. In the case of the alkali halide
crystals research has indicated that the opacity
centres probably consist of neutral alkali atoms
comprised of positive and negative charges loosely
bound together and inserted in the crystal lat-
tice in some manner or other, and which may be
compared with the deposit of metallic silver in a
latent photographic image.

Once formed, the opaque deposit can also
be destroyed by the above mentioned rays, the
amount of destruction in a given time interval
depending on the intensity of the rays and on
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the density of the deposit already formed. Thus
the gross effect of any given intensity of the in-
cident radiation, being the result of an equilib-
rium bhetween the formation and destruction of
the deposit, may bhe for instance an increase
of the deposit for lower intensities and a decrease
for the higher intensities in a manner similar to
the well known “solarisation” of the latent photo-
graphic image. In this case, over a range of
lower intensities of the incident radiation, in-
crease in intensity will result in an increase of
the deposit, whilst over a range of higher inten-
sities an increase in intensity will result in g de-
crease of the deposit. )

The materials exhibiting this property may be
defined as ionic crystals in which the injection
of electrons into the crystal lattice can produce
an opaque deposit which can be moved within
the crystal lattice by an electric field and heat.

The present invention contemplates the use of
a transparent crystalline material of the type
defined in the image screen for instance of a
television receiver. 'The material may be in the
form of a single flat crystal, a mosaic of small
crystals, or a micro-crystalline structure. A
composite crystal (solid solution) or a mixture
of two or more of such crystalline materials may
be used. » '

In most cases, and particularly when the ma-
terial is in the form of a single crystal, a dis-
appearance of the opaque deposit can be pro-
duced by maintaining the crystal in an electric
field and at a suitable temperature, in which case
the deposit is drawn through the crystal towards
the  positive pole producing the electric field.
When it reaches the positive pole it disappears,
leavirg the crystal substantially transparent.
The speed of movement of the deposit depends
upon the strength of the field and upon the tem-
perature, and can be varied within wide limits
by varying -either magnitude. For a given field
strength this speed of movement increases with
the temperature of the crystal.

According to the present invention there is
provided a method of signal reproduction, par-
ticularly for television reception which comprises
impinging upon, particularly scanning a screen
including a material of the type described with
& beam of radiant energy modulated in intensity
in accordance with the received signals to produce
in elemental portions of said screen impinged by
the beam an apaque deposit as herein defined,
the density of which differs from a fixed datum
level of density by an amount depending upon the
instantaneous value of the intensity of the im-
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“pinging beam, and causing the density of sald
deposit to return to -said datum level. In par-
ticular, and with television, the opaque deposits,

-.if any, are produced periodically at frame scan-
ning frequency and are caused to disappear and
the affected elemental screen portions are thereby
returned to the fixed datum level essentially at
the end of a frame scanning period. .

The datum level of density may be zero, in
which case the impinging beam produces directly
an opaque deposit in each elemental portion of
the screen corresponding in density to the in-
stantaneous intensity of the impinging beam,
and with television this deposit is caused to dis-
appear periodically at the frame scanning fre-
quency.

Alternatively the datum level of density may
correspond to black, in which case the beam, if it
strikes an elemental portion, is adapted to re-
move the deposit therefrom to an extent depend-
ing upon its instantaneous intensity and the
density of the deposit thus changed in an ele-
mental portion is caused to return to a maximum
value corresponding to black, and with television
periodically at frame scanning frequency.

" The invention will now be described by way of
example and for television with reference to the
accompanying drawings in which: .

Figs. 1 and 2 show forms of the apparatus

used according to the invention in which the im-
. age screen consists of a crystal scanned by a
cathode ray beam;

Fig. 3 shows the use of a light beam for scan-
ning the crystal;

Pigs. 4 and 5 show apparatus for heating the
image screen; and i

Figs. 6 and 7 show schematically an alternative
method of carrying the invention into effect.

Referring to Fig. 1, a cathode ray tube | is
provided with a cathode 2, a control grid 3, a
beam focussing coil 4, deflecting coils 5, 6, and
an accelerating anode 1. Picture signals from
the receiver 8 are applied between the cathode
and control grid in such a way that the positive
potential of the grid decreases with increase in
signal strength, so that a modulated beam is

. produced and is swept over the image screen in
the usual manner. The image screen consists
of a flat crystal 9 of an alkali halide such as po-
tassium chloride, provided on each side with an
electrode 10, i1 designed to permit the passage of
light. These electrodes are shown in the form of
thin transparent spattered metallic layers, but
they can also be in the form of fine meshes or the
like, The potential of the electrode 11 is main-
tained positive with respect to that of the elec-
trode 10 to provide an electric fleld across the
crystal. The crystal 9 is traversed by light from
the incandescent lamp 12 which is concentrated
on the projection lens 15 by the optical condenser
(3, and a magnified image of the crystal is formed

on the projection screen 14 by means of the pro--

Jection lens 18.

The apparatus operates as follows:

On striking a given elemental portion of the
crystal 9, the modulated cathode vay beam pro-
duces therein an opaque deposit of a density cor-
responding to the instantaneous intensity of the
beam. If this intensity be practically zero, of
course no such deposit will be produced. After
the beam leaves this portion in which a deposit
has been produced, the latter persists and moves
through the crystal in the direction of its thick-
ness towards the more positive electrode 11, where
it disappears. This phenomenon can be ex-
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plained by assuming that the incident cathode
ray beam injects into the elemental portion of
the crystal a number of electrons corresponding
to the instantaneous intensity of the beam when
it strikes the portion. These tend to travel as
free electrons towards the postive electrode
through the crystal lattice, which is composed
of alternate positive alkali ions and negative
halogen ions, During this travel certain elec-
trons will be captured by the alkali ions, which
have a great electron affinity. An alkali ion and
an electron together form an electrically neu-
tral metallic alkali atom which constitutes the
above mentioned opacity centre, and thus the
position of each captured electron is made visible
in the form of an opacity centre. The impinging
electrons of the cathode ray beam may release
secondary electrons in greater numbers on their
impact. These secondary electrons also tend to
travel inside the crystal lattice, thus increasing
the effect. Sometime later, by the heat move-
ment of the lattice (the crystal being held at the
necessary temperature) the metallic alkali atom
is again split up into an ion and an electron, and -
the freed electron continues its path through the
lattice towards the .positive electrode until it is
again captured by another alkali ion, forming a
visible opacity centre nearer to the positive elec-
trode. Thus the stream of electrons shot into the
crystal by the beam and moving towards the posi-
tive electrode appears in the form of an opaque
deposit constituted by the opacity centres and
moving through the crystal towards the positive
electrode and disappearing there,

The velocity of this opaque deposit is propor-
tional to the electric field strength in the crystal
and increases also with an increase in tempera-
ture of the crystal. By a suitable choice of these
magnjtudes in relation to the thickness of the
crystal the time period within which the deposit
in a given elemental portion traverses the thick-

‘ness of the crystal is predeterminable, and with

television, it can be arranged that this time period
equals substantially the picture frame scanning
period, i. e. the time interval between two con-
secutive scannings of the elemental portion by
the beam. The opacity of a given elemental por-
tion, which corresponds to the intensity of the im-
pinging beam, will thus remain essentially con-
stant until the beam strikes the portion at
the next scan, when the opacity will immediately
adjust itself to the new value of the impinging
beam. Thus each elemental portion of the screen
maintains its intensity value essentially constant
for the time period of the persistence of an opaque
deposit, if any is produced, and with television es-
sentially for the whole duration of a picture frame. -

Although the deposits if produced in a given
elemental portion must be caused to disappear
periodically at substantially frame scanning fre-
quency, the disappearance of one deposit need not
coincide exactly with the formation of a new de-
posit in that portion but can occur at slightly
later time. This can be achieved by regulating
the velocity of the opaque deposit produced in an

.elemental portion by one scan in such a way that

it has not quite reached the positive electrode
when the succeeding scan reaches the portion.
Thus any desired slight overlapping may be ob-
tained. ‘

From the foregoing it is obvious that the pic-
ture repetition frequency can be much lower than
is usual with norma]l reception methods since the
intensity is held constant during the whole frame
period and no flickering occurs. The minimum
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repetition frequency is now determined only by
the demands of the eye In percelving continuous
movement, and can be about 17-20 frames per
second. This enables a considerable reduction
in the necessary frequency band width of the
transmitted signals to be achieved, or allows with

the same band width a higher definition to be-

obtained, or permits of the use of the free part
of the band for other purposes. ’
The fugitive image produced in the crystal
- screen is thus comprised of a multitude of opacity
centres created and co-existing for a limited time
period in different elemental portions of the
screen, and represents intelligible matter by the
combined effect of more or less transparent or
- opaque elemental screen portions and can be re-
garded as the equivalent of a photographic image
on a lantern slide or a cinema film. But this
pseudo photographic image lasts, with television,
only for the duration of a frame scanhing period,
and is then replaced by the new image on the
same carrier, Thus the effect is similar to that of
_ the so-called intermediate film process, but with
the advantages that (1) no time is lost for proc-
essing, and (2) one frame is replaced by the next
on the same carrier, no film being consumed.
The interchange of the consecutive frames is
brought about by the diffusion of electrons across
the thickness of the crystal under the influence
of the electric fleld.

It is not essential to have two electrodes as
shown for setting up the electric field, The
electrode 10 can usually be dispensed with since
the cathode ray beam striking the surface of the
crystal 9 will cause an emission of secondary elec-
trons, thereby setting up an equilibrium potential
of a certain fixed value. The electrode 11 is then
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maintained positive with respect to this equilib- -

rium potential.
I1 can also be dispensed with, For example if

the ratio of secondary electrons ejected from

In certain cases the electrode .

40

the crystal to primary electrons incident.on the

crystal is less than 1, the equilibrium potential
will approach that of the cathode 2, in which
case the potential of the opposite surface of the
crystal will be more positive to an extent de-
pending on the leakage resistance between the
anode T and the end wall of the tube I|. . This
leakage resistance may be predetermined by giv-
ing to the inner surface of the tube a certain
conductivity, in any known manner. )

45

The surface struck by the cathode ray beam '

may be provided with a secondary electron emit-
ting layer for which the ratio of secondary elec-
trons emitted thereby to primary electrons in-
cident thereon is high, such as beryllium. By
this means, full use of the increase in the effect

caused by secondary electron emission prevlous-
' 1y mentioned may be made.

In Fig. 2 is shown an alternative arrangement
in which the crystal 9 is situated outside the

cathode ray tube | and inside a container 17 .

which forms a continuation of the tube. The
end wall of the tube | comprises a thin layer of
metal foil I8 which permits of the passage of the
cathode ray beam, and which also serves as one
" electrode of the crystal. In this case the image
of the crystal is formed on the projection screen
i4 with the aid of light reflected or scattered
from the layer 16 as shown, Alternatively, the
crystal can be illuminated with diffuse light and
viewed directly, thus presenting a surface image
similar to a photographic paper image. . :
In Fig. 3 s shown the use of a light beam in-
stead of a cathode ray beam for creating the
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opacity in the crystal. A beam of light from the
source 18, shown as & luminous discharge tube is
modulated in intensity in accordance with re-
ceived picture signals by the light modulator 19,
which can be of any suitable type, and is caused
to scan the crystal by means of the two scanning
members 28, 2§, Light from the source (2, is
shown as an incandescent lamp, is utilized to
form an image of the crystal on the projection
screen 18, The maximum emission of the light
source 18 must occur at wavelengths appropriate
to the production of the necessary opacity in the
crystal, which are usually in the region of the
shorter wavelengths, such as ultraviolet, whilst
the maximum emission of the light source 12 must
occur at different wavelengths in order that it
should not disturb the proper formation of the
opacity in the crystal. This differentiation may
be assisted, if desired, by the use of suitable fllters,
indicated at 22 and 23.

In the embodiment described, no special means
have been shown for maintaining the crystal at
a constant predetermined temperature.” In many
cases the heat produced by the incident cath-
ode ray beam, or by the heat rays emitted by
the incandescent lamp 12, or by both, will be
found sufficient to maintain the crystal at the de-
sired temperature. Where higher temperatures,
or a more exact temperature control is required,
special means may be provided, two examples of
which are illustrated in Figs. 4 and 5.

In Fig. 4 the crystal 9 is heated by means of an
electric current from a source 24 which is passed
through the electrode (1 via the conductors 25, 26,
This heating current is controlled to maintain

‘the crystal at a constant predetermined tem-

perature by means of the thermocouple 27 in-
serted into the crystal and electrically connected
to control the source 24 in any suitable manner.
This heating can be applied to any of the elec-
trodes shown in the previous figures.

In Fig. 5 the heating is effected by means of an
oven 28 surrounding the crystal 9 and comprising
a heating coll 28 fed with current from the
snurce 30, the heating current being controlled
by means of the thermocouple 21. The oven is
provided with a window 3{ to allow the necessary
light to illuminate the crystal. In the arrange-
ment of Fig. 2 a flow of air or other gas heated
to a controlled temperature can be circulated'.
through the container 11 to heat the crystal; -

In the arrangement hitherto described theé re-
moval of the opaque deposit has been caused by

maintaining the screen in an electric field and '

at a suitable temperature so as to produce a-
mobility of the denosit. However, as already .
mentloned, the application of cathode rays or
light of a suitable wavélength to the material
also produces a removal of the deposit. This
method may be used instead of or in addition to

‘the method hitherto described particularly in

cases where a sufficient mobilitv of the depo<it,
is difficult to obtain. ‘The method will be de-
scribed with reference to Pigs. 6 and 7.

In Pig. 6 there is shown a cathode rav tube .
in plan view, which is provided with screen 4¢
consisting of a micro-crystalline devosit of a
suitable alkali halide such as potassium chloride,
sodium iodide or a mixture of the two. . The
tube is provided with two electron gun struc-
tures provided with a common focussing coil 4.
and common deflecting coils §, 6 and a common
anode 44, One structure includes a cathode #(
and a control grid 42, connected across a source
of picture signals 43.. .This structure produces
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a cathode ray beam 4% of an Intensity suitable
to the production of an opaque deposit in the
material of screen 40, and the intensity of the
beam'is modulated in accordance with the re-
" celved signals representative, for Instance, of
picture points, in such a way that the intensity
of the beam decreases with inecrease of signal
- strength. The second structure includes a cath-
ode 46 and a grid 47, the latter belng maintained
at such a-positive potential with respect to the
cathode 46, that an unmodulated cathode ray
- beam 48 is produced, its intensity being sufficient
- to cause a removal of the opaque deposit pro-
duced by the beam 45. 'The relative positions
of the two scanning spots produced by the two
beams are shown in Fig. 7 where the line scan-
ning is effected in the direction of the arrow, 49
being the signal modulated image forming.spot
corresponding in its intensity to the beam 45,
whilst 50 is the deposit removing. spot - corre-
sponding to the beam 48 and which precedes 49
and is closely adjacent thereto. It will be ob-
served that if an opaque deposit has been pro-
duced in an elemental portion of the screen 40
at the spot 49, it will persist essentially until
that portion is struck by beam 48, and therefore,
with television, it will persist for almost a full
frame scanning period when it is removed by

beam 48 (precedirig beam 485 for a very small .

fraction of a frame scanning period) and can
be immediately replaced by a new deposit pro-
duced by beam 45. - _ R

The apparatus illustrated in Fig. 6 may be op-
erated in an alternative marmnner, by adjusting
the positive bias on the grid 41 to such an ex-
tent that the beam 49 is of an intensity appro-
priate to the production in the material of screen
40 of a uniform opaque deposit corresponding
to picture black. The positive bias is then ad-
Justed such that the beam 45 is now of an in-
tensity that it will cause a removal of this de-
posit. This beam is modulated in Aintensity in
accordance with the received picture signals in
such a way that an increase in Intensity of the
beam corresponds to an increase in. signal
strength, so that the deposit will either remain
unaffected or be removed to an extent depend-
ing upon the intensity of the beam 45. Thus the
deposit remaining in an elemental portion of
screen 40 after the passage of the spot A9 by
beam 45, will persist until the arrival of beam
48, and if the opacity of spot 49 has been re-
- duced- previously, this opacity will momentarily
increase to a value corresponding to picture
black, and can again be reduced to a new value
by the succeeding beam 45. -

In most television transmission systems, syn-

chronising signals are transmitted in the inter-

vals between successive lines and frames. In
‘these intervals a fly-back of the cathode ray
beam occurs. These synchronising signals are
usually of the “blacker than black” type, so that
if they are applied to the control grid of a cath-
ode ray tube together with the picture signals,
they suppress the cathode ray beam during the
fiy-back. In cases where a positive control is
used, -that is, where an increase in the intensity
of the cathode ray beam produces ah increase in
the “white” value of the image screen, this meth-
od is useful. This case occurs in the ordinary
fluorescent screen type of cathode ray tube, and
in the embodiment of the present invention in
which the datum level of density of the deposit
corresponds to picture black. Where a negative

control is used, as in the embodiments of the
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present invention in which the image screen is
Initially transparent and the density of the de-
posit increases with the increase in the intensity
of the scanning beam, the blacker-than-black
impulse would produce a beam of increased in-
tensity, with the result that a series of ;opaque
lines would be traced by the cathode ray beam. .
during the fly back between successive picture
lines, and an opaque line across the picture would
be traced during the fly back between successive
picture frames. This disadvantage can be avoid-
ed by reversing the direction of the synchronis-
ing signal, applied to the control grid so that they
lie in the “white” direction and produce a reduc-
tion in the intensity of the beam. )

The micro-crystalline layer mentioned in con-
nection with Fig. 6 is very easily obtainable in
any desired thickness by subliming the material
directly on to the wall of the cathode ray tube, or
on to a transparent metallic film which can serve
The material is preferably
placed in a small boat or container inside the
cathode ray tube and connected in series with a
ring shaped copper strip and the layer is formed
by heating the boat with eddy currents induced
in the strip by means of an external induction
coil'of an eddy current heater. Very uniform de-
posits of the material or a mixture of materials
can be obtained in this manner.

The sensitivity of the crystalline materia] will
depend on the treatment during its formation.
Any treatment which tends to disturb the regu-
larity of the lattice will tend to give an increased
sensitivity. For example, a rapid formation of
the crystal, or the introduction of foreign atoms
or molecules into the crystal lattice will usually
increase the sensitivity. )

" Thus in the case of potassium halides, mole-
cules of KH or K20 can be introduced by heating
the. crystals in an atmosphere of hydrogen or
oxygen. Also traces of heavy metals, such as sil-
ver or thallium may be added. T

The terms “radiant energy” and ‘“beam of
radiant energy” used in some of the appended”
claims, are to be understood to mean, respective-
1y, energy and a beam comprised of cathode rays,
X-rays, radium rays or light of wave lengths ap-
propriate to produce or reduce, respectively,
obacity in ionic crystal material of a nature in
which such incident energy or beam can produce
or destroy opacity centres and opaque deposits
constituted by them, as hereinbefore defined.
Also, in certain of the claims, the deposits created
in a normally transparent ionic crystal material
layer, or transparent areas in & normally opaque
or picture black layer, are referred to as “areas”
having light transmitting qualities differing from
the normal light transmitting qualities of the
layer. N
- I claim: .

1. In cathode ray tube apparatus for reconsti-
tuting pictures from received picture signals com- .
prising an image screen adapted to have its light
transmitting faculty varied periodically point by
point by a cathode ray beam scanning it, means

. for developing a cathode ray beam, means for
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modulating the intensity of said beam and means
for deflecting said beam periodically to cause it
to scan said imagg screen, & screen structure con-
stituting said image screen and including an
lonic crystal material of the type in’which the
injection of electrons into the crystal lattice can
produce an opaque deposit which can be moved
within the crystal lattice by an electric fleld and
heat, means for maintaining the surface of said
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screen which is struck by said beam at a lower
positive potential than the opposite surface of
sald screen, means for heating said screen, and
thermostatic controlling means adapted to act on
said heating means to maintain constant the tem-
perature of said screen.

2. A cathode ray tube for producing a visible
presentation from received signals comprising an
image screen including an ionic crystal material
of the type in which the injection of electrons
into the crystal lattice can produce an opaque
deposit which can be moved within the crystal
lattice by an electric fleld, means for developing
a first beam of cathode rays of lower intensity
adapted to create an opaque deposit in said ma-
terial, means for developing a second beam of
cathode rays of higher intensity adapted to re-
duce said deposit, means for modulating the in-
tensity of one of said beams in accordance with
said signals, means for directing said beams onto
different elemental portions of said screen so that
the unmodulated beam precedes the modulated
beam in the scanning direction, and means for
deflecting said beams in synchronism over said
screen.

3. In and for electric picture reconstituting ap-
paratus of the scanning transparency control
type, an image screen adapted for use as the
transparency-controlled member which includes
an jonic crystal material of the type in which
the injection of radiant energy into the crystal
lattice can produce an opaque deposit which can
be moved within the crystal lattice by an electric
fleld, means for scanning said screen with a first

beam of radiant energy, means for modulating ¢

said beam, in accordance with received picture
signals within the range of those lower intensities
for which the density of the opaque deposit pro-
duced in any scanned elemental portion of said
image screen differs, by an amount depending
upon the instantaneous value of the intensity of
-said beam when striking said portion, from a
datum level represented substantially by zero
density, and means for scanning said screen with
a second beam of radiant energy having a con-
stant higher intensity adapted to remove the de-
posits formed through the scanning action of said
first beam, said last mentioned means being
adapted to cause said second beam to precede
said first beam in the scanning direction.

4. In and for electric picture reconstituting ap-
paratus of the scanning transparency control
type, an image screen adapted for use as the
transparency-controlled member which includes
an ionic crystal material of the type in which
the injection of radiant energy into the crystal
lattice can produce an opaque deposit which can
be moved within the crystal lattice by an electric
field, means for scanning said screen with a first
beam of radiant energy, means for modulating
said beam, in accordance with received picture
signals, within the range of those higher intensi-
ties for which the density of the opaque deposit
produced in any scanned elemental portion of said
image screen differs, by an amount depending
upon the instantaneous value of the intensity of
said beam when striking said portion, from a
datum level represented by a maximum corre-
sponding to picture black, and means for scan-
ning said screen with & second beam of radiant
energy having a constant lower intensity adapted
to create a uniform deposit in the image screen,
said last mentioned means being adapted to cause
said second beam to precede said first beam in the
scanning direction.
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5. In cathode ray tube picture reconstituting
apparatus of the scanning transparency control
type, an image screen adapted for use as the
transparency-controlled member which includes
an ionic crystal material of the type in which the
injection of electrons into the crystal lattice can
produce an opaque deposit which can be moved
within the crystal lattice by an electric field and
heat, means for scanning said screen with g cath-
ode ray beam, means for modulating, in accord-
ance with received picture signals said beam with-
in the range of intensities for which the density
of the opaque deposit produced in any scanned
elemental portion of said image screen differs, by
an amount depending on the instantaneous value
of the beam striking said portion, from a datum
level represented substantially by zero density,
means for maintaining the surface of said screen

‘where an opaque deposit so produced is to disap-

pear, at a higher positive potential than the op-
posite surface of said screen, and means for heat-
ing said screen. o

6. The combination in an image forming ap-
paratus, of a layer of an ionic crystal material of
the type in which the injection of radiant energy
of proper intensity can produce movable opague
deposits and change their density, said layer in-
cluding two opposite faces, means to scan one of
said faces with a beam of radiant energy mod-
ulated in intensity in accordance with received
signals to vary the light transmitting qualities of
elemental portions of said layer from a normal
datum level by creation in the layer of areas mov-
able between said faces and having light transmit-
ting qualities differing from said datum level to
thereby create an image perceptible in the direc-
tion of movement of said areas, and means to
restore varied light transmitting qualities of ele-
mental portions of said layer to said normal datum
level within a predetermined time period.

7. The combination as set forth in claim 6
wherein said restoring means is a second beam of
radiant energy.

8. The combination as set forth in claim 6
wherein said restoring means include means oper-
ative in producing an electric field capable of

- moving said opaque deposits in the layer.
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9. The combination as set forth in claim 6
wherein said restoring means at least includes
means to maintain one of said faces at a higher
positive potential than the other.

10. The combination as set forth in claim 6,
for use in television reception, wherein said restor-
ing means is effective within a time period sub-
stantially corresponding to a frame scanning in-
terval.

11. The combination as set forth in claim 16
wherein said layer of ionic crystal material is in
micro-crystalline form.

12, The combination as set forth in claim 6
wherein said layer of ionic crystal materia] is an
alkali halide.

13. The combination as set forth in claim 6
wherein said layer of ionic crystal material is an
alkali halide in micro-crystalline form.

14. The combination as set forth in claim 6,
wherein ionic .crystal material of said layer ex-
hibits lattices of disturbed regularity exemplified
by lattices in which foreign matter is introduced
and lattices resulting from rapid crystal forma-
tion. o

15. The combination as set forth in claim 6
wherein said layer of ionic crystal material in-
cludes on its scanned face & coating having a
high degree of secondary electron emission.
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16. The combination in an image forming ap-
paratus, of a layer of an lonic crystal material
of the type in which the injection of radiant en-
ergy of proper intensity can produce movable
opaque deposits and chuange their density, said
layer including two opposite faces, means to scan
one of said faces with a beam of radiant energy
modulated in intensity in accordance with re-

- celved signals to vary the light transmitting quali-
ties of elemental portions of said layer from a
normal datum Jevel by creation in the layer ‘of
areas movable between said faces and having

light transmitting qualities differing from said .

datum level to thereby create an image per-
ceptible in the direction of movement of said
areas, and means to restore varied light trans-
mitting qualities of elemental portions of said
layer to said normal datum level by moving said
areas from one of said opposite faces to the other
to thereby disappear within a predetermined time
period. - . . ’

17. The combination as set forth in claim 16,

. wherein said restoring means include means op-

erative in producing an electric field across said
layer capable of moving said opaque deposits
across the layer. .

18. The combination as set forth in claim 16
wherein said means to restore the normal light
transmitting qualities of elemental portions in-

cludes at least means to maintain said scanned .

face at a lower positive potential than the op-
posite face which comprises a pair of electrodes,
each adjacent one of said faces, at least one of
the electrodes being essentially transparent.

19. The combination as set forth in claim 16

wherein said means to restore the normal lght '

transmitting qualities of elemental portions in-
cludes at least means to maintain said scanned
face at & lower positive potential than the op-
posite face which comprises a pair of essentially
transparent electrodes, each positioned at and co-
extensive with one of said opposite faces.

20. The combination as set forth in claim .16
wherein saild means to restore the light trans-
mitting qualities of elemental portions includes
at least means to maintain said scanned face
at a lower.positive potential than the opposite
face which comprises a pair of electrodes, each
adjacent one of said faces, one of the electrodes

being light reflecting and the other being essen-

tially transparent.

21. The combination as set forth in claim 16
wherein said means to restore the normal light
transmitting qualities of elemental portions in-
cludes at least means to heat said material.

22. The combination as set forth in claim 16,
wherein said means to restore the normal light

transmitting qualities of elemental portions in- -

cludes at least in part heat generated within said

“layer by injected radiant energy.

23. The combination as set forth in claim 16,
wherein said means to restore the normal light
transmitting qualities of elemental portions in-
clude at least in part heat derived from a sepa-
rate source. :

." 24. The combination in a signals reproducing
apparatus, of a layer reproducing signals by
variations of its optical qualities, said layer in-
cluding two opposite faces and mounted to expose
one of said faces to a beam of radiant energy,

" saild layer essentially comprised of ionic crystal

material of the type in which the injection of

radiant energy into the crystal material can pro-

duce a variation of its optical qualities from a

normal datum level, means for directing a beam
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of radiant energy varying in accordance with
signals to be reproduced upon said exposed face
80 as to Inject corresponding radiant energy into
elemental portions of sald layer and thereby to
vary their optical qualities, and mesans for re-
storing the optical qualities of elemental por-

‘tions varied by said beam to said normal datum

level within a predeterminable time period.

25. A cathode ray tube for reproducing signals
by variation of the light transmitting qualities
of a screen, including, in combination, means
for developing.an electron stream, a screen in-
cluding two opposite faces and mounted to pre-
sent one of said faces to said stream, said screen
essentially consisting of ionic crystal material of
the type in which the injection of an electron
stream can form movable opaque deposits and
change their densities, means for varying said
stream in accordance with signals to be repro-
duced so as to vary from a normal datum level
the light transmitting qualities of elemental
screen portions impinged by said stream and
thereby to reproduce said signals in said screen
by said deposits or changing their densities, and
means for restoring varied light transmitting
qualities of elemental screen portions to said nor-
mal datum level within a predeterminable time
period. , . ) . :
~ 26. A cathode ray tube for reproducing signals
by variation of the light transmitting qualities
of a screen, including means for developing an
electron stream, a screen including two opposite

. faces and mounted to present one of sdid faces

40

43

to said stream, said screen essentially consisting
of a layer of jonic crystal material the light
transmitting qualities of which can be varied by
the injection of an electron stream of controlled
intensity and selected from the group of alkali
halides consisting of sodium chloride, sodium
bromide, potassium chloride, potassium bromide
and potassium jodide, means for varying the
intensity of said stream in accordance with sig-~
nals to be reproduced 'so as to vary from a normal
datum level the light transmitting qualities of
elemental screen portions impinged by sald
stream and thereby to reproduce said signals in
said screen, and means for restoring varied light
transmitting qualities of said elemental portions

~ to said normal datum level within a predeter-

50

minable time period.
27. A cathode ray tube as set forth in claim 25,

 wherein said jonic crystal material is in micro-

55

60

65

70

crystalline form. ' i
28. A cathode ray tube as set forth in claim 286,

wherein said lonic erystal material is in micro-

‘erystalline form. - »

29. A cathode ray tube as set forth in claim 25,
wherein said ilonic crystal material exhibits lat-
tices of disturbed regularity exemplified by lat-
tices in which foreign matter is introduced and
lattices resulting from rapid crystal formation.

30. A cathode ray tube as set forth in claim 26,
wherein said ionic crystal material exhibits lat-
tices of disturbed regularity exemplified by lat-
tices in which foreign matter is introduced and
lattices resulting from rapid crystal formation.

31. A cathode ray tube for reproducing signals
representative of intelligence by variation of the
transparency of a screen comprised by the tube,
Including means for developing an electron
stream, a screen including two opposite faces
and mounted to present one of said faces to sald

" stream, sald screen essentially consisting of nor-

75

mally transparent lonic crystal material of the
type in which the injection of electrons can pro-
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duce opacity centres which can be moved within
the crystal material by an electric field, means
for varying said stream in accordance with sig-
nals to be reproduced so that in elemental screen
portions impinged by said stream said opacity
centres are created in numbers corresponding to
those of electrons instantaneously injected into
said portions and constitute opaque deposits of
corresponding opacity-degree which reproduce
said signals in said screen, and means operative
in producing an electric field in said screen for
causing said opacity centres to disappear.

32. In combination with a cathode ray tube as
set forth in claim 31, a source of positive poten-

tial acting upon said screen so that an electric -

fleld can be set up between said potential and
another one produced by the electrons of said
electron stream, )

33. In a cathode ray tube as set forth in claim

31, a positive pole associated with said screen 2

for producing therein an electric field drawing
said opacity centres towards said positive pole.

34. A cathode ray tube as set forth in claim
31, wherein the surface of the tube between an
accelerating anode on positive potential and one
face of sald screen associated with the end wall
of the tube, is conductive and electrons imping-
ing upon the other screen face can produce by
secondary electron emission a potential different
from said positive one and a corresponding elec-
tric field in said screen.

35. A cathode rar tube as set forth in claim
31, wherein an electric field is produced in the
screen by an electrode of high positive potential
associated with the screen face which is not im-
pinged by said stream. .

36. A cathode ray tube as set forth in claim
31, wherein said means for developing an elec-
tron stream include an electrode of high positive
potential with respect to the source of electrons
of said stream and said electric fleld in said
screen is produced at least in part by said po-
tential on said electrode.

37. The combination in a signals reproducing
apparatus, of a layer of an ionic crystal material
of the type in which the injection of radiant en-
ergy of proper intensity can produce movable
opaque deposits and change their density, said
layer including two opposite faces, means to scan
one of said faces with a beam of radiant energy
modulated in intensity in accordance with signals
to be reproduced so as to vary the light trans-
mitting qualities of elemental portions of said

layer from a normal datum level by creation in.

the layer of areas movable between said faces and
having light transmitting qualities differing from
sald datum level, means to restore varied light
transmitting qualities of elemental portions of
said layer to said normal datum level, and means
to illuminate said layer with light of wave lengths
which will not essentially affect the light trans-
mitting qualities of said layer.

38. The combination in a signals reprodu\,mg
apparatus, of a layer of an ionic crystal material
of the type in which the injection of radiant en-
ergy of proper intensity can produce movable
opaque deposits and change their density, said

layer including two opposite faces, means to scan -

one of said faces with a beam of radiant energy
modulated in intensity in accordance with signals
to be reproduced so as to vary the light trans-
mitting qualities of elemental portions of said
layer from a normal datum level by creation in
the layer of areas movable between said faces
and having light transmitting qualities differing

7

from said datum level, means to illuminate said
layer from a light and heat producing source .
and from such direction that changes in light
transmission can be made visible in the direction
of movement of said areas, and means to restore
varied light transmitting qualities of elemental

" portions of said layer to said normal datum level
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within a predetermined time period, said restor-
ing means including at least the heat of said il-
luminating source.

39. The combination in an apparatus for re-
producing signals representative of intelligence,
of a cathode ray tube comprising a screen of

‘ yariable transparency for reproducing signals

therein, said screen including two opposite faces
and essentially consisting of normally transpar-
ent ionic crystal material of the type in which
the injection of electrons can produce opacity
centres which can be moved within the crystal
material by an electric field, means for develop-
ing an electron stream in said tube and for vary-
ing said stream in accordance with signals to be
reproduced, said stream impinging upon one of
said screen faceés and thereby creating in ele-
mental screen portions said opacity centres in
numbers corresponding to those of the electrons
instantaneously injected into said portions and
constituting opaque deposits of corresponding
opacity-degree which reproduce said signals in
sald screen, means cooperating in producing an
electric fleld in said screen for causing said
opacity centres to disappear, and means for di-
recting upon and into said screen and thence
upon a viewing screen light of wave lengths not
essentially affecting the light transmltting qual-
ities of said crystal material.

40. The combination as set forth in claim 39,
in which means areé provided for imaging said
screen of ionic crystal material upon said view-
ing screen by the light directed upon and into
the screen of said crystal material.

41. The combination as set forth in claim 39,
in which means are associated with said screen
of ionic crystal material for reflecting upon the
viewing screen said light directed upon and into
the screen of said crystal material.

42. An image forming apparatus comprising a
cathode ray tube including a layer of a normally
transparent ionic crystal material of the type in
which the injection of electrons can produce.
movable opacity centres, said layer including two
opposite faces, means to scan one of said faces
with a cathode ray beam modulated in intensity
in accordance with signals to be reproduced so as
to form opacity centres in the layer to thereby
create an image perceptible in a direction sub-
stantially normal to said faces, means {0 move
said centers from the face at which they are
formed toward the opposite face to thereby dis-
appear, and means to direct visible light through .
said layer. ’

43. An image forming apparatus comprising a
cathode ray tube including a layer of a normally
transparent alkali halide material of the type in
which the injection of electrons can produce mov-
able opacity centres, said layer including two op-
posite faces, means to scan one of said faces witha
beam of cathode rays modulated in intensity in
accordance with the signals to be reproduced
so as to form opacity centres in the layer and
thereby create an image perceptible in & direction
substantially normal to said faces, means to move
said centers from the face at which they are cre-
ated toward the opposite face to thereby disap-




pear, and means to direct vigible light upon one of

44. An image forming apparatug comprising a
cathode ray tube including a layer of a normally
transparent alkali halide material of the type in
which the injection of electrons can produce mov-
able opacity centres, said layer including two op-
posite faces, means to scan one of sald faces with
a beam of cathode rays modulated in intensity
In accordance with signals to be reproduced so as
to form opacity centres in the layer and to
thereby create an image perceptible in said layer
in a direction substantially normal to said faces,
means to move sald centers from the scanned.
face toward the opposite face to thereby disap-.
pear within a predetermined time period, and

means to direct visible light upon one of said ,

faces and thence to a.viewing screen. . » _
45. An image forming apparatus comprising a
cathode ray tube including g layer of & normally
transparent alkali halide material of the type in _
which the injection of electrons can produce mov-

" able opacity centres, said layer including two op-
posite faces, means to scan one of said faces with
& cathode ray beam modulated in intensity in ac-
cordance with signals to be reproduced so as to
form opacity centres in the layer and to thereby
create an image perceptible in said layer in a di-
‘rection substantially normal to -said opposite
faces, means to maintain the scanned face at a
lower positive potential than the opposite face to
move said centers to said opposite face to thereby
disappear within a predetermined time period,
and means to direct visible light through said.
layer. ’ .

' 46, The combination in an image forming ap-
paratus of a layer of an alkall halide material
of the type in which the injection of radiant

‘energy of proper intensity can produce movable -

obaque deposits and change their density, said
layer including two opposite faces, means to scan
one of said faces with a first beam of radiant
energy modulated in intensity in accordance with
signals to be reproduced so as to vary the light
transmitting qualities of elemental portions of
said layer from a normal datum level by crea-
tion in the layer of areas movable between said
faces and having light transmitting qualities dif-
fering from said datum level constituiing an
image perceptible in said layer in the direction
of movement of -said deposits, and means to scan
one of said faces with a second beam of radiant

- energy and constant intensity to restore varied
light transmitting qualities of said layer to the
normal datum level.

47. In combination, a source of cathode rays,
means for modulating the intensity of said cath- .
ode rays in accordance with signals representa-
tive of intelligence and exemplified by picture
signals, a screen including a layer essentially of

--at least one halide selected from the group con-
sisting of alkali and alkaline earth halides of the_
type in which the injection of cathode rays can
produce a variation of the transparency thereof,

said layer on an essentially transparent carrier, 65

means for bombarding elemental portions of said
Screen with said cathode rays for changing the
transparency of said portions in accordance with

the intensity of said cathode rays, said screen pq

being adapted to be exposed to a uniform flow of
light for modulating elemental areas of said flow
in accordance with said signals.

48. In combination, a source of cathode rays,

means for modulating the intensity of said cath- 75

25

(-

ode rays in accordance with signals represents-
tive of intelligence and exemplified by picture sig-
nals, an image screen comprising g layer of po-
tassium bromide deposited upon a transparent
carrler, means for successively bombarding ele-
mental areas of said screen with said cathode

‘rays, for changing the transparency thereof 1r

accordance with the intensity of said cathode
rays, said screen being adapted to be exposed to
a uniform flow of light for modulating elementai
areas of sald flow in accordance with said pictire
signals. L
49. In combination, a source of cathode rays,
means for modulating the intensity of said cath-
ode rays in accordance with signalg representa<
tive of intelligence and exemplified by picture
signals, an image screen comprising a layer con-

_slsting of a mixture of potassium bromide and
‘potassium hydride deposited upon a transparent

carrier, means for successively bombarding ele-
mental areas of said screen with said cathode
rays for changing the transparency thereof in
accordance with -the.intensity of said cathode
rays, sald screen being adapted to be exposed to
& uniform flow of light for modulating elemental
areas of said flow in accordance with said picture
signals. ’

50. A cathode ray tube including an evacuat-
ed glass envelope having a first window portion,.
& screen comprising a layer of at least one halide
selected from the group consisting of alkali and
alkaline earth halides of the type in which the
injection of cathode rays can. produce a variation
of the transgarency thereof, said screen - inside .
sald envelope and associated with said window
portion, a source of cathode rays, means for mod-
ulating the intensity of said rays in accordance
with signals representative of intelligence and
exemplified by picture signals, means for deflect-
ing the modulated rays across said screen for
changing the transparency of elemental portions
thereof in accordance with the intensity of said
rays, said envelope provided with a second win-
dow portion opposite said first window portion
said window portions arranged to permit lighi
from an external source to pass through said en-
velope and said screen for modulating said light
in accordance with said signals.

51. In combination, a source of cathode rays,
means for modulating the intensity of said cath-
ode rays in accordance with signals representa-
tive of intelligence and exemplified by picture
signals, a screen including a layer essentially of
fonic crystal material of the type in which the
Injection of cathode rays into the crystal ma,-
terial can produce a change of its optical quali-
ties from a normal datum level, said layer sup-
ported by a carrier, means for bombarding ele-
mental portions of said screen with said cathode
rays for changing the optical qualities of said
portions in accordance with the intensity of said
cathode rays, said screen being adapted to be
€xposed to a uniform flow of light for modulat-
ing elemental areas of said flow in accordance
with said signals.

52. In combination, a source of cathode rays,
means for modulating the intensity of said cath-
ode rays in accordance with signals representa-
tive of intelligence and exemplified by bpicture
signals, an image screen comprising a layer of
at least one alkaline earth halide in crystalline
state deposited upon a transparent carrier, means
for successively bombarding elemental areas of
said screen with said cathode rays for changing
the transparency thereof in accordance with the
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intensity of said cathode rays, said screen being
adapted to be exposed to a uniform flow of lighi
for modulating elemental areas of said flow in
accordance with said picture signals,

53. A cathode ray tube comprising an evac-
uated glass envelope having a first plane win-
dow portion, an image screen comprising a layer
of at least one alkaline earth halide in crystal-
line state’ deposited on said window pertion, a
source of cathode rays, means for modulating the
intensity of said rays in accordance with picture
signals, means for deflecting the modulated rays
across said image screen for successively chang-
ing the transparency of elemental areas thereof
in accordance with the intensity of said cathode
rays, said envelope being provided with a sec-
ond window portion opposite said first window
portion and adapted to permit light from an ex-
ternal source to pass through said envelope onto
said image screen for modulation thereof in ac-
cordance with said picture signals.

54. A cathode ray tube as set forth in claim
31, wherein said screen is associated with and
carried by a metallic film essentially transpar-
ent for visible light which can serve as electrode.

55. In combination, a source of an electron
beam, means for modulating the intensity of said
beam in accordance with electric signals repre-
sentative of intelligence and exemplified by pic-
ture signals, a screen including 3 layer essentially
of jonic crystal material of the type in which the
injection of electrons can produce a change of its
optical qualities, means for bombarding elemental
portions of said screen with electrons of said
beam for changing the optical qualities of said
portions corresponding to the intensity of said
beam, a thin essentially metallic layer permeable
for electrons associated with the face of said
screen exposed to said bombardment, the surface
of said metallic layer facing said screen having
light reflecting or scattering properties, and the
face of said crystal layer remote from said me-
tallic layer arranged for exposure to illuminating
light.

56. In combination, a source of cathode rays,
means for modulating the intensity of said cath-
ode rays in accordance with electric signals rep-
resentative of intelligence and exemplified by pic-
ture signals, a screen including a layer in the
form of a mosaic of small crystals on a carrier,
sald crystals essentially of ionic crystal material
of the type in which the injection of cathode
rays can produce a change of its optical qualities,
means for bombarding elemental portions of said
screen with said cathode rays for changing the
optical qualities of said portions corresponding to
the intensity of said cathode rays, said screen
arranged for exposure to illuminating light for
visibly reproducing the intelligence translated
upon said screen by sald cathode ray bombard-
ment.

57. In combination, a first source of an elec-
tron beam, means for modulating the intensity
of sald beam in accordance with electric signals
representative of intelligence and exemplified by
picture signals, a screen including a layer essen-
tially of ionic crystal material in which the in-
jection of electrons can produce a change of its
optical qualities, means for bombarding ele-
mental portions of said screen with electrons of
said beam for changing the optical qualities of
sald portions corresponding to the intensity of
sald beam, and a second source of an electron
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stream of an intensity suitable to remove sald
changes.

58. The combination as set forth in claim 57,
in which said first and second source of electrons
and said sereen are arranged within an evacuated
envelope, said envelope provided with at least one
window aligned with said screen so that the lat-
ter can be illuminated from the outside of said
envelope,

59. In combmatlon a source of an electron
beam, means for modulatmg the intensity of said
beam in accordance with electric signals repre-
sentative of intelligence and exemplified by pic-
ture signals, a screen including a layer essen-
tially of ionic crystal material in which the in-
jection of electrons can produce a change of its
optical qualities, means for bombarding ele-
mental portions of said screen with electrons of
said beam for changing the optical qualities of
said portions corresponding to the intensity of
said beam, and a source of infra-red heat rays
for erasing changes of the optical qualities of
sereen portions produced by said electron beam.

60. The combination as set forth in claim 59,
in which said source of electrons and screen are
arranged within and said source of infra-red
rays outside an evacuated envelope, said envelope
provided with at least one window aligned with
said screen so that the latter can be illuminated
from the outside..

61. In combination, a source of an electron
beam, means for modulating the intensity of said

.beam in accordance with electric signals repre-

sentative of intelligence and exemplified by pic-
ture signals, a screen including a layer essentially
of ionic crystal material in which the injection
of electrons can produce a change of its optical

- qualities, means for bombarding elemental por-

tions of said screen with electrons of said beam

40 for changing the optical qualities of said portions
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corresponding to the intensity of said beam, and
a coating having a high degree of secondary
electron emission on the face of said screen ex-
posed to bombardment by said electrons.

62, The combination in an image forming ap-
paratus, of a layer of an ionic crystal material in
micro-crystalline form including two opposite
faces and mounted to present one of said faces
as an image face, means to scan one of said faces
with a radiant beam modulated in intensity in ac-
cordance with a received signal to vary the light
transmitting qualities of successive elemental
portions of said layer from a normal datum level
by creation in the layer of areas movable be-
tween said faces and having light transmitting
qualities differing from said datum level to there-
by create an image perceptible at said image face
and in the direction of movement of sald areas,
and means to restore the light transmitting qual-
ities of elemental portions of said layer to sald
normal datum level within a pledetermined time

period.

63. The combination as set forth in claim 62,

- further including means to illuminate at least

one of said opposite faces of said layer with light
of a wave length which will not affect the light
transmitting. qualities of said layer and from
such direction that changes in light transmission
will be perceptible at said image face.

64. The combination as set forth in claim 62,
further including means to direct visible light
through sald layer.
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