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25,169
COLORED LIGHT S5YSTEM
William E. Glenn, Scotia, N.Y., assignor to General
Electric Company, a corporation of New York

Original No. 2,813,146, dated Nov. 12, 1957, Ser. No.

433,448, June 1, 1954. Application for reissue Oct.

28, 1959, Ser. No. 849,422

20 Claims. (ClL 178—54)

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to an apparatus and method for
producing and projecting colored light images in accord-
ance with a color intelligence signal.

While this invention is subject to a wide range of ap-
plications, it'is especially suited for use in a color televi-
sion system and is particularly described in that con-
nection,

Apparatus and methods are known for projecting
black and while light images on a screen and for pro-
jecting television images on a screen. A form of tele-
vision projection system may consist of a light modulat-
ing medium which is used as a light valve. A system of
bars defining a system of slits is placed between a source
of light and the medium. A second system of bars and
slits is placed between the medium and a projection
screen. When no signal is applied to the medium the
light passing through the first system of slits falls directly
on the bars of the second system of bars and slits and
when the medium is modulated by an electron stream
the light is deflected sufficiently to pass through the slits.
The amount of light passed is determined by the amount
the medium is modulated by the video signal. In this
manner, an enlarged television image may be produced
on a screen. The width of the slits is great enough so that
all color components that are diffracted by the medium
are passed, thereby resulting in a black and white image.

This system has the advantage of permitting the use
of an intense source of light such as an arc lamp, and
controlling the intensity of light projected on a screen by
a video signal. It is noted that the modulating medium
may be applied to the face of a mirror to control the
direction of reflected light. Previously known systems,
of the general type described, have been used to project
sequential color information but have not been capable
of projecting simultaneous color information on a screen
by the use of a single light modulating medium.

It is an object of this invention to provide a method
and apparatus for projecting a colored light image.

Another object of this invention is to provide an ap-
paratus and method for controlling the relative intensities
of the color components from a source of white light.

A further object of this invention is to provide an
apparatus and method for reproducing simultaneous color
television pictures.

This invention provides an apparatus and method for
controlling the intensity and color of light projected by a
light projection system. This apparatus, in a preferred
embodiment, comprises -a light modulating medium, the
light modulating characteristics of which are controlled
in accordance with color intelligence signals by applying
the signal to the medium.

A Dbetter understanding of this invention may be had
by referring to the figures of the drawing in which Fig-
ures 1 through 3 are illustrative of well known optical
principles; Figure 4 is a semi-schematic diagram of a
system in accordance with this invention; Figure 5 illus-
trates a feature of the system illustrated in Figure 4,
Figure 6 is an illustration of a specific embodiment of
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this invention, and Figure 7 illustrates a second em-
bodiment of this invention.

A diffraction grating is a light transmitting or reflecting
medium which breaks up a ray of impinging monochro-
matic light into a series of light and dark banks or white
light into colored bands of the spectrum of light present
in the ray. White light is generally considered to be but -
is not necessarily limited to light made up of all color
components in the visible spectrum which may be con-
sidered to be light with wavelengths ranging from ap-
proximately 4000 to 8000 angstrom units. Light of a
single component color having a single wavelength only,
is generally defined as monochromatic light.

A diffraction grating may be formed by distorting the
surface of a medium so that light projected through or
reflected from this medium is diffracted into its com-
ponent colors. The respective color components follow
paths which deviate from a line normal to the effective
plane of the medium by an amount which is a function
of the wavelength of the particular color component.
This invention, according to a preferred embodiment,
utilizes a system of bars and slits which are so oriented
with respect to the medium that the wavelength of the
light that is passed by the slit system is controlled by
the modulating medium. Three diffraction gratings are
effectively superimposed on the modulating medium to
form a single composite grating so that a color image is
passed by the system of slits which corresponds to the
color intelligence applied to distort the modulating me-
dium.

Figure 1 illustrates basic optical principles reviewed
herein as an aid to understanding of a specific embodi-
ment of this invention. Figure 1 shows a light source
18, an elementary diffraction grating 11, a plane 12, a
representation of the distribution of monochromatic
light 13, a representation of the distribution of color
components of diffracted white light 14 and a slit sys-
tem 15. The slits illustrated in grating 11 are separated
by a distance d, of the order of a wavelength of light,
and may be considered to form a small part only of a
grating,.

For the purposes of this discussion it is assumed that
the light from source 10 comes from a sufficient distance
so that a plane wave falls on grating 11. The light ar-
rives at the left hand surface of diffraction grating 11
in the saime phase at all points on the surface. It is well
known that light may be considered to be formed of
a series of rays which travel outwardly from any given
point. Therefore, all light passing through the slits in
grating 11 does not’ travel in the same direction. Por-
tions of this light are separated or diffracted as illustrated
by the lines extending from the slits in grating 11 to the
screen 12. A portion of the light passing through the
slit 17 strikes region E on screen 12 and a portion of
this light strikes region F. Light from slit 18 in diffrac-
tion grating 11 in part strikes region G and other por-
tions strike F in phase with the light from slit 17 so that
light is observed at region F. The light arriving at G
from slit 17 is out of phase with light from slit 18 so
that no light is observed at region G. The light does
not form areas of absolute dark and light but forms
regions varying in light intensity from absolute black
to light. .

It is noted that the preceding discussion in regard to
Figure 1 has been limited to that case where the light
source 10 consists of monochromatic light. It is ap-
parent from the distribution of light illustrated in region
13 that there are successive regions of light and dark.
These light regions are designated by Ly, L; and L, and
the dark regions by D; and. D,. That region in which
the light is not diffracted as designated by the reference
L, and is called the zero order diffraction pattern. This
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zero order diffraction pattern has a finite width as illus-
irated by the shaded area. The next area designated by
Dy—L,; is generally defined as the first order diffraction
pattern. The light from slit 17 falling in this region.
which is centered about the point F on screen 12, has
been delayed one wavelength with respect to the light
from slit 18. In a like manner, Dy and L, designate the
dark and light regions of the second order diffraction
pattern in which light from slit 17 is delayed two wave-
lengths before reaching the screen 12, light from slit 18
is delayed one wavelength, both with respect to a third
slit designated as 19.

The relationship between the slit distance d in the dif-
fraction grating 11 and the distance between the zero
and first order diffraction patterns yields a well known
equation. This equation is written
Apsin g, (1)

where X is the wavelength of the light under consideration,
d is the grating spacing and 4, is the angle formed be-
tween a line from the ntt order diffraction pattern to
the grating with respect to a line from., the zero order
defraction pattern to the grating.

It is apparent from Equation 1 that the definition of
the light and dark areas, which may be termed the resolu-
tion of grating 11, is increased as the spacing between the
slits or grating is decreased thereby resulting in an in-
creased number of slits per unit area.

Tt is also apparent from Equation 1 that, for a given
grating spacing, the angle ¢, will vary with the wave-
length of the light applied to the diffraction grating.
If the monochromatic light source 1€ is replaced by a
source of white light a spectral array of colors results.
The shorter wavelengths are diffracted least from the
zero order direction and the longer wavelengths such
as the red colors are diffracted the greatest amount.
The first, second and third order color distribution is rep-
resented on plane 14. It will be noted that there is an
overlapping of the second and third order diffraction
patterns, Therefore, with the illustrated diffraction grat-
ing a complete spectrum of pure spectral colors is ob-
tained in the first order diffraction pattern only.

Screen 15 may be considered to be provided with a
slit 16 which is of sufficient width and is properly oriented

. to pass only a selected color from the first order dif-
fraction pattern. Therefore, only those color components
from source 10 which are in register with the slit 16 in
screen 15 are passed by the screen. The remainder of
the light impinges on the optically opaque portion of
screen 15. If the distance d between the grating lines is
changed, a different color is passed by screen 15. There-
fore, the color of the light passed by the screen 15 may
be controlled by varying the grating spacing.

The system of the present invention uses in place of
the fixed parameter or static diffraction grating 11 of
Fig. 1 a superimposed or composite grating of the phase
grating type with each component of the grating corre-
sponding to a component color. Color intelligence sig-
nals are used to control the intensity of the light passed
by each of the three gratings in accordance with three
spectral color components which may be combined to
produce any color light or white light. For example, the
intensity of light passed by one of the gratings is con-
trolled by a signal representative of blue light, the in-
tensity of light passed by a second grating by a signal

representative of green light, and the intensity of light’

passed by a third grating by a signal representative of red
light.
green and red light in the first order diffraction pattern
from the three gratings respectively.

The diffraction grating that has been discussed in re-
lation to Figure 1 may consist of a piece of glass or
photographic film defining alternate optically opaque and
optically transparent areas. The light passes directly

The slit 16 in screen 15 is oriented to pass blue, -
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through this glass or film or the glass or film may be
provided with a silvered reflecting surface on the back
thereof so that light passes through the diffraction grating
in two directions. The ability of this type of grating to
control the intensity of light passing through the grating
is limited as is the ability to control the light intensity
of the colors in any one order diffiraction pattern. There-
fore, it is necessary to resort to a type of diffraction
grating which may be used to control the intensity of
light. By way of example, a preferred embodiment of
this invention uses a grating generally referred to as a
phase grating which controls the color distribution and
intensity in the diffraction pattern.

A portion of a phase grating is illustrated in Figure 2
of the drawing. Light may be passed through this grat-
ing or a light reflecting layer may be applied to the front
surface 20 or back surface 21 of the grating so that light
may be reflected from surface 20 or surface 21. The
surface 20 forms a sine wave distortion on the medium
forming the grating so that light applied to the grating is
shifted in phase in accordance with a sine function of the
distance d along the grating; therefore, the grating. of
Figure 2 is generally defined a sine function phase grating.
It is noted that diffraction and intensity control effects
can be obtained with other grating configurations. The
essential feature is that there be provided a light modu-
lating medium the light modulating effects of which can
be contrelled by an external signal source. The specific
embodiment of this invention which is described, utilizes
a sine function phase grating; however, this invention
may be carried out by utilizing diffraction gratings hav-
ing other configurations.

Figure 3 illustrates a plot of the Bessel function squared
of light intensity as a function of the grating amplitude x
in a sine function phase grating for the zero order dif-
fraction pattern at (Jo)?, the first order diffraction pat-
tern at (J;)2, and the second order diffraction pattern
at (J2)2. Tt may be shown that the light intensity of
monochromatic light varies as the square of the Bessel
function of the grating amplitude x. Figure 2 shows
the wavelength of the sine function phase grating as the
dimension d which is the substantial equivalent of the
dimension d in Figure 1. Eguation 1 also expresses the
relation between dimension d, the light wavelength and
the angle subtended by the first order diffraction pattern
of the sine function phase grating illustrated in Figure 2.

The maximum intensity of monochromatic light in the
first order diffraction pattern occurs when the distance x
from peak to trough of the sine function grating is such
that a phase difference of one-half wavelength exists
between light emanating from a trough and from a peak
of the phase grating. This invention utilizes light in
the first order diffraction pattern omnly. The slits in a
screen, such as slit 16 in screen 15 of Figure 1, are of such
width as to pass the first order diffraction pattern and
some second order diffraction pattern from. adjacent slits
in grating 11. The second order diffraction intensity is
low enough relative to the first order diffraction intensity
so that the eye detects colors from the first order dif-
fraction pattern only; therefore, a preferred embodiment
of this invention is said to utilize the first order diffrac-
tion pattern colots.

In view of the foregoing, it is apparent that the in-
tensity and color of light passed may be controlled by a
phase grating and slit system. A given component of
a color picture may be considered to be made up of a
mixture of colored light. These light colors may be
selected in any convenient fashion. For the purpose of
the explanation in this specification one particular color
grouping is selected although it will be clearly under-
stocd by those skilled in the art that any system of color
coordinates may be selected to operate in the apparatus
of this invention. :

It is considered that any given color may be composed
of a mixture of a pure blue light, a pure green light and
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a pure red light. Screen 15 is provided with a plurality
of slits of such width and spacing relative to the modulat-
ing medium that only first order diffraction components
are passed, whereby a color picture may be obtained
from a white light source.

According to an embodiment of this invention a given
color is projected by passing white light through a phase
grating with wavelength d, selected to pass red light,
a second phase grating with a wavelength d, to pass green
light and a third phase grating with a wavelength ds
to pass red light. The respective amplitudes of the red,
green and blue components are controlled by varying the
amplitude of the peak to the trough distance x of the
respective phase gratings. The light passed by each of
these gratings is passed through a slit and bar system
such as screen 15 to obtain the given colored light.

In a preferred embodiment the sine function com-
ponents representative of the wavelengths and intensities
of the three color components are instantaneously com-
bined to obtain a composite phase grating wave form
which results in the desired color being passed by the
output bar and slit system which corresponds to the
screen 15 of Fig. 1. The sum of three television color
signals are combined to simultaneously modulate the
scanning velocity of an electron stiream which is applied
to the modulatnig medium and results in a composite
diffraction phase grating equivalent to three superim-
posed phase gratings so that the desired color is trans-
mitted through the output bar and slit system.

An approximate equation may be written for the in-
tensity of the first order color signal, for example, a
red signal in a composite phase grating, and appears as
Equation 2.

(2)

This relation indicates that the intensity of the red sig-
nal is approximately equal to the square of the first order
Bessel function of the red signal times a factor con-
sisting of the product of the zero order Bessel function
of the blue signal and the zero order Bessel function of
the green signal. This equation relates the effective
cross-modulation of the colors. It may be shown that
for low phase grating amplitudes, the zero order Bessel
function product is substantially unity so that the squared
first order Bessel function for the red component is a
reasonably good representation of the intensity of the
transmitted red signal.

Figure 4 illustrates an example of an application of
this invention to a light transmission system for project-
ing a color television image on a screen. There is shown
a source of light 22, a first bar system 23, a lens sys-
tem 24, a light modulating medium 25, a lens system 26,
a bar system 27, a projection lens system 28 and a screen
29. A portion of a video system 30 provides an elec-
tron stream for deforming modulating medium 25.

The modulating medium 25 is deformed by the electron
stream from the video system 30. Light from source
22 is projected on bar system 23 which consists of a
system of bars separated by slits. When the modulating
medium 25 is not deformed by the electron stream, the
lens system 24 and 26 project the image of the slits in
bar system 23 onto the bars of the bar system 27 so that
no light from source 22 passes through lens system 28
to the projection screen 29. When the modulating me-
dium 25 is distorted by the electren stream in accordance
with color video signals, the light from source 22 passes
through the slits of bar system 23 and is diffracted so
that it passes through the slits in system 27 and is pro-
jected on the screen 29.

The light modulating medium distorting system com-
prises mixer tubes 31, 32 and 33 into which are fed the
outputs of a source of red video signals 37, a source of
green video signals 38 and a source of blue video signals
. 39. These three signal sources provide the amplitude
signal for the light modulating coating 25 on plate 36.

Tpi=[T1) o) Joe 1
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The system utilizes three oscillators 40, 41 and 42 which
provide separate fixed frequency signals for each of the
respective colors. For example, the red oscillator pro-
vides a 14 megacycle signal, the green oscillator provides
a 17 megacycle signal and the blue oscillator provides a
20 megacycle signal.

The respective red video signal and red oscillator signal
are mixed in converter 31. The green and blue video
signals are mixed with the respective color controlling
oscillator signals in converters 32 and 33 respectively.
The resulting output of the converters 31, 32 and 33 is a
14 megacycle, 17 megacycle and 20 megacycle signal
respectively the amplitudes of which are controlled by
the video signal input for the respective colors. The com-
bined output of tubes 31, 32 and 33 is applied to the
electrostatic deflection plates 34 of the illustrated electron
gun. The output of the electron gun is swept across the
modulating coating in a conventicnal manner by magnetic
deflection coils 35 which are fed by video sweep source
43 to form an interlace sweep trace. It is noted, that as
an alternative, a signal mixing system may be used in
which each of tubes 31, 32 and 33 serves as an oscillator
and as a mixer.

The resulting signals which are applied to electrostatic
deflection plates 34 cause a variation in the sweep rate
at the frequency of oscillation for the given color. The
amplitudes of the color video signals determine the peak
to trough distance in the resulting phase grating and
thereby the relative intensities of the colors projected
for each picture element, and the luminance of the picture.
The three colors are combined as illustrated so that an
element-by-element simultaneous color picture is ob-
tained. That is, the resulting phase grating produces
upon the slit system 27 an interference spectra such that
only light of predetermined dominant wave lengths is
passed, these wave lengths being related to the colors of
which the voltage waves from sources 40, 41, and 42 are
representative. It is noted that a complete color tele-
vision receiving system is not shown since this invention
may be adapted to a variety of conventional color televi-
sion systems. In order to obtain satisfactory cclor and
picture resolution, a particular embodiment of my inven-
tion utilizes approximately 10 grating lines per picture
element.

Any satisfactory source of light may be used, for ex-
ample, the source of light 22 may consist of an arc
lamp or a conventional projection lamp which is fed
through a lens condensing system so that an image of the
filament or of the arc is projected on the slits of bar
system 23. The bar system 23 may consist of a trans-
parent material such as glass with optically opaque bars
painted thereon or as an alternative a sheet of non-mag-
netic material with milled slits may be used. The center-
to-center spacing between the slits in the bar system 23
is 50 mils and the width of the slits is 10 mils. The spac-
ing of the bars and slits in the bar system 23, as well as
the spacing of the bar system in the over-all optical sys-
tem, is determined by application of well known optical
relations.

Bar system 27 consists of 18 mil slits with a 50 mil
center-to-center spacing. It may be shown that the in-
tensity of light on the screen is approximately propor-
tional to the product of the width of the slits in bar sys-
tem 23 times the width of the slits in bar system 27 so
that the intensity is a maximum, for a given color resolu-
tion or band of colors passed, when the width of the slits
in bar system 23 and 27 are equal. With the lens system
utilized, better picture element resolution is realized,
without appreciably reducing the efficiency, by making
the slits in the second bar system wider than the slits in
the first bar system to counteract the diffracting effects of
the second bar and slit system 27.

Figure S illustrates schematically the bar and slit sys-
tem utilized in a preferred embodiment of this invention.
The slits are spaced in accordance with well known optical
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“principles to provide for overlapping diffraction patterns.
It is assumed, for purposes of this discussion, that the
modulating medinm 25 is distorted so that green light
only will be passed by the bar system 27. The sclid lines
represent the paths followed by light in the zero order
diffraction pattern and the dashed lines represent the
green light in the first order diffraction pattern. The
zero order and first order diffraction pattern green light is
labeled for the light coming from a pair of slits in a bar
system, such as 23 in Figure 4, which is diffradted by a
single point of modulating medium 25. An additional
slit is provided on each side of the zero order pattern and
between the zero order and first order patterns. These
slits pass first order light form adjacent slits. By utilizing
a bar system with overlapping diffraction patterns as shown
in Figure 5 a gain in light output by a factor of three
is obtained over bar systems which do not utilize bar sys-
tems with overlapping diffraction patterns.

The light modulating medium 25 illustrated in Figure
4 may be made of any material, the light phase shifting
characteristics of which may be altered by an external
stimulus to which color intelligence may be added. The
external stimulus may take the form of an electron beam,
heat, sound, or any other form of energy which varies
the phase shifting characteristics of the modulating
meditm. As an example of one type of modulating
medium, there is illustrated in Figure 4 a transparent
member 3% and a gelatincus layer which is the modu-
lating medium 25. To form this modulating medium a
conductive gelatinous coating, approximately 3 mils thick,
is placed on the surface of the transparent member 36.

In this embodiment the layer used as a modulating
medium is distorted by bsing struck with electrons which
build up temporary charges on one surface of the layer.
The charged portions of the surface are attracted to the
opposing surface thereby forming valleys or dips in the
gelatinous layer.

In the system illustrated in Figure 4, gelatinous layer
25 on transparent plate 36 must be easily distorted. If
the layer is too thick the distance between the charge
placed by the electron stream on the surface of gelatinous
{ayer 25 and the surface of 36 wil] be too great and the
mediam will not be easily deformed. If the layer is too
thin, there will be too little material to be squeezed out
between the top surface of the layer and the surface of
36 so that it will be difficult to obtain sufficient grating
amplitude on the layer.

It is also necessary that the modulating medium with-
stand bombardment by an electron stream without the
properties thereof changing. The time constant at which
charges leak off must be such that the gelatinous material
resumes its original shape before the next color intelli-
gence signal is projected on to a given area of the modu-
lating medium; however, as a matter of practical design
it is sometimes necessary to effect a compromise between
persistence and light intensity thereby resuiting in a one
or two frame holdover of deformation for high intensity
picture elements.

It is ncted that the source of electrons which modu-
late the diffraction ceating may take any number of forms
and that the illustrated circuits is given merely by way
of example and is not intended to be limiting. Other
methods may be devised for applying the color intelli-
gence to a modulating coating so as to vary the light
modulating characteristics thereof and resuit in a color
image. For example, this invention may be easily adapt-
ed for use with conventional single side band systems in
which color intelligence in a form other than signals
representative of pure spectral colors is carried on sep-
arate side ‘bands along with the black and white video
signal,

This system can also be utilized to project a black
and white picture. For example, this may be accom-
plished by feeding a fized signal from the red, green and
blue video scurces onto the plates so as to obtain a black
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and white signal. The relative strengths of the red, green
and blue video sources remain constant, however, the
total amplitude output varies in accordance with the in-
tensity of the picture elements of the black and white
signal. This invention can be adapted for use with field
sequential color system by -sequentially distorting the
medium 25 with a modulating signa] representative of
each of the component colors.

It will be readily appreciated that the systems of Fig-
ure 4 may be readily adapted to a reflecting system such
as that illustrated in Figure 6 which shows another em-
bodiment of this invention utilizing a reflecting wave sys-
tem which is essentially the same as the system of Fig-
ure 4 except that the modulating coating has been placed
on a spherical mirror 44. The system consists of -an elec-
tron gun 45, electrostatic color signal deflecting plates
46, focusing anode 47, prisms 48 and 49, bar and slit
systems 5§ and 51, magnetic scanning coils 52, coated
spherical mijrror 44, light source 53, projection lens 54
and viewing screen 55. A source of color signals 57 is
coupled to deflecting plates 46. A portion of the system
may be enclosed in an evacuated envelope having a con-
figuration such as that illustrated by the dashed outline 58.

Light from source 53 is projected on prism 49 and is
reflected downward through bar system 51 to the surface
of gel coated spherical mirror 44. If no signal is applied
to the gel coated mirror the light reflected by the nirror
strikes the opaque bars in the bar system 50 which is
placed on the bottom of prism 48, When a properly
modulated electron stream is projecied along the axis of
miiror 44 through the hole 56, between the prisms 48
and 49, and on to the gel coated spherical mirror 44, the
light from source 53 is diffracted so as to pass through
the slits in bar system 5@ and be reflected by prism 48
80 as to pass through projection lens 54 on to screen 55
thereby resulting in a color image. The scanning coils 52
cause the electron stream to sweep mirror 44 and are
placed below prisms 48 and 49 so that the electron gun
may be oriented on the mirror axis.

It is noted that reference numerals 50 and 5%, used to
designate the bar system in Figure 6, are considered to
be the equivalent of the bar systems 23 and 27 illustrated
in Figure 4 of the drawing. The mirror may be coated
with any satisfactory modulating medium such as a sili-
cone oil or a gelatinous form of silicone oil. It is noted
that the signal applied to plates 46 by source 57 may
consist of a signal such as that produced by the system
3@ which is schematically illustrated in Figure 4.

Figure 7 illustrates an embodiment of this invention
which consists in the utilization of black and white photo-
graphic film to produce a colored light or picture image.
This is accomplished by preparing three bar and slit
systems 61, 63 and 64. Bar system 61 is formed by plac-
ing strips of red light absorbent material 62 on a
sheet of clear ilm. The strips of red light absorbent ma-
terial having a center to center spacing equal to the width
of the slits in an equivalent diffraction grating that would
pass red light only when placed in the position of light
modulating medium 25 in the system illustrated in Fig-
wre 4. Bar system 63 and 64, with strips of green and
blue absorptive material respectively, are prepared in a
similar manner have the same spacing relative to the red
strips as the green and blue wave lengths have respec-
tively relative to the red wave length.

The three systems 61, 63 and 64 are superimposed on
a sensitized black and white photographic plate or film
65 and a picture of .a colored object is photographed, the
colored light acting as the color inteliigence signal. The
photographic plate is developed and substituted for mod-
ulating medium 25 in a system such as that illustrated
in Figure 4. When light from source [41% 22 is projected
through the system including the exposed photographic
plate a colored light image of the photographic object
results.

This will be more apparent when the effect of bar
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system 61 on the photographic film is considered alone.
If it is assumed that red light only is projected on the
photographic plate or film, it is then apparent that the
areas between strips £427 62 will be exposed and optically
opaque when the film is developed. The film which was
under the strips transmits light, and the plate or film acts
as an intensity diffraction grating of such spacing that
red light only is projected on screen 29 when the film is
substituted for modulating medium 25.

It will be apparent to those skilled in the art that this
invention provides a method and apparatus for producing
color images in accordance with an applied color intel-
ligence signal. The embodiments specifically described
and illustrated herein are given merely by way of ex-
ample and are not to be considered limiting since this
invention may take a wide variety of forms.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A system for presenting color information on a light
modulating medium corresponding to a display compris-
ing a unitary light modulating medium, and means simul-
taneously subjecting said light modulating medium to
color intelligence signals having different values of one
parameter corresponding to different color components
in the display and a second parameter varying in accord-
ance with the intensity of each of said different color
components, said means including electrical means for
providing an arrangement of electrical charge on a sur-
face of said light modulating medium under the control
of said color intelligence signals to establish simultane-
ously diffraction patterns on said medium with each pat-
tern having a parameter corresponding to a different one
of said components and a second parameter varying point-
_by-point with the intensity of said one of said components.

2. A system for presenting color information on a light
modulation medium corresponding to a display compris-
ing a unitary light modulating medium, and means simul-
taneously subjecting said light modulating medium to
color intelligence signals having different values of one
parameter corresponding to different color components
in the display and a second parameter varying in accord-
ance with the intensity of each of said different color com-
ponents, said means including electrical means for pro-
viding an arrangement of electrical charge on a surface
of said light modulating medium under the control of

said color intelligence signals to deform said medium and
establish simultaneously phase diffraction patterns on said
medium with each of said patterns having a wave length
corresponding to a different one of said color components
and an amplitude varying point-by-point with the intensity
of said one of said components.

3. A system for producing a color image corresponding
to a display comprising a unitary light modulating me-
dium, means simultaneously subjecting said light modulat-
ing medium to color intelligence signals having different
values of one parameter corresponding to different color
components in the display and a second parameter vary-
ing in accordance with the intensity of each of said differ-
ent color components, said means including electrical
means for providing an arrangemient of electrical charge
on a surface of said light modulating mediuny under the
control of said color intelligence signals to establish simul-
taneously diffraction patterns on said medium with each
pattern having a parameter corresponding to a different
one of said components and a second parameter varying
point-by-point with the intensity of said one of said com-
ponents, and a source of light for illuminating said me-
dium with substantially parallel light rays and means in-
cluding a light mask for blocking zero order light diffrac-
tion patterns emanating from said medium and passing
first order light diffraction patterns emanating from said
medium to produce an image having point-by-point color
and intensity correspondence with the display.

4. A system for producing a color image corresponding
to a display comprising a unitary light modulating me-
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dium, means simultaneously subjecting said light modulat-
ing medium to color intelligence signals having different
values of one parameter corresponding to different color
components in the display and a second parameter vary-
ing in accordance with the intensity of each of said differ-
ent color components, said means including electrical
means for providing an arrangement of electrical charge
on a surface of said light modulating medium under the
control of said color intelligence signals to deform said
medium and establish simultaneously phase diffraction
patterns on said medium with each of said patterns having
a wave length corresponding to a different one of said
color components and an amplitude varying point-by-point
with the intensity of said one of said components, and a
source of light for illuminating said medium with substan-
tially parallel light rays and means including a light mask
for blocking zero order light diffraction patterns emanat-
ing from said medium and passing first order light dif-
fraction patterns emanating from said medium to produce
an image having point-by-point color and intensity corre-
spondence with the display.

5. A system for producing a color image corresponding

to a display comprising a unitary light modulating me-

dium, means providing electrical color intelligence signals
having different values of one parameter in accord with
color components of said display and a second parameter
varying in accordance with the intensities of said compo-
nents, means producing an electron beam and scanning
it over a surface of said light modulating medium, means
controlling said beam by said electrical color intelligence
signals to establish superimposed diffraction patterns on
said medium with each pattern having a parameter corre-
sponding to one of said color components and a second
parameter varying point-by-point with the intensity of said
one of said components, a source of light for illuminating
said medium with substantially parallel light rays and
means including a light mask for blocking zero order
light diffraction patterns emanating from said medium
and passing first order light diffraction patterns emanat-
ing from said medium to produce an image having point-
by-point color and intensity correspondence with the dis-
play.

6. A system for producing a color image corresponding
to a display comprising a unitary light modulating me-
dium, means providing electrical color intelligence signals
having different values of one parameter in accord with
color components of said display and a second parameter
varying in accordance with the intensities of said compo-
nents, means producing an electron beam and scanning
it over a surface of said light modulating medium, means
controlling said beam by said electrical color intelligence
signals to deform said medium and establish superimposed
phase diffraction patterns on said medium with each of
said patterns having a wave length corresponding to a
different one of said color components and an amplitude
varying point-by-point with the intensity of said one of
said components, a source of light for illuminating said
medium with substantially parallel light rays and means
including a light mask for blocking zero order light dif-
fraction patterns emanating from said medium and pass-
ing first order light diffraction patterns emanating from
said medinm to produce an image having point-by-point
color and intensity correspondence with the display.

7. The method of producing color images correspond-
ing to a display which comprises establishing on a light
modulating medium elemental area diffraction gratings
each having a first grating parameter providing an angle
of light diffraction corresponding to the color of the
display in the corresponding elemental image area and
having a second grating parameter varying with the in-
tensity of the light in the corresponding elemental area
of the display by transmitting to a surface of said modu-
lating medium en arrangement of electrical charge under
the control of color intelligence signals having one param-
eter corresponding point-by-point with the color of the
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display and a second parameter varying point-by-point
over the area of the display in accordance with the in-
tensities of the component colors, transmitting to said
medium essentially parallel rays of white light and mask-
ing zero order light diffraction pafterns emanating from
the medium and passing first order light diffraction pat-
terns emanating from said medium to produce an image
having point-by-peint color correspondence with said
display. .

8. In combination, a unitary light modulating medium,
means- for applying an arrangement of electrical charge
to a surface of said medium, a source of superimposed
color intelligence signals for modulating said arrangement
of electrical charge, a source of light, a first member de-
fining a plurality of optically transparent areas separated
by optically opaque areas, said member being oriented
between said source of light and said medium, a second
member defining a plurality of optically transparent areas
separated by optically epaque areas and oriented so that
light from said source can pass through said second mem-
ber when said signals are simultaneously applied to said
modulating medium.

9. In combination, a unitary light modulating medium,
means for applying an arrangement of electrical charge
to- a surface of said medium, a source of superimposed
color intelligence signals for modulating said arrangement
of electrical charge, a source of light, a first member de-
fining a plurality of optically transparent areas separated
by optically opaque areas and oriented between said
source of light and said medium, a second member defin-
ing a plurality of optically tramsparent areas separated
by optically opaque areas and oriented so that color com-
ponents of light from said source can pass through said
second member only when said signals are applied to said
modulating medium and means for simultaneously apply-
ing said signals to said mediom.

10. In a colored light projecting system a unitary light
modulating medium means for applying an arrangement
of electrical charge to a surface of said medium, a source
of superimposed color intelligence signals for modulating
said arrangement of electrical charge, a source of light, a
first member defining a plurality of optically transparent
areas separated by optically opaque areas, said first mem-
ber being located between said source of light and said
medium, a second member defining a plurality of optically
transparent areas separated by optically opaque areas and
oriented so that the color components of light from said
source which pass through said second member are con-
trolled by said signals applied to.the modulating medium,
and means for simultaneously applying said signals to said
mediom.

11. In a color television system including an electron
gun for producing a stream of electrons, a unitary visible
light modulating medium, means for causing said elec-
tron stream to strike said medium, a source of super-
imposed color intelligence signals, a source of white
light, a first member defining a plurality of optically
transparent areas separated by optically opaque areas
oriented between said source of light and said medium,
a second member defining a plurality of optically trans-
parent areas separated by optically opaque areas and
oriented so that the color components of light from said
source that pass through said second member is con-
trolled by the color intelligence signals, and means for
applying the color intelligence signals to modulate said
electron stream to control the color and intensity of the
light passing through said second member.

12. In a color television system, a unitary visible light
modulating medium, an electron gun producing a stream
of electrons substantially perpendicular to a surface of
said medium, a source of superimposed color intelligence
signals, a source of white light, a first member defining
a plurality of optically transparent areas separated by
optically opaque areas oriented between said source of
light and said medium, a second member defining a plu-
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rality of optically transparent areas separated by optical-
ly opaque areas and oriented so that the color com-
ponents of light from said source that pass through said
second member are controlled by the color intelligence
signals, and means for applying the color intelligence
signals to modulate said electron stream to control the
color and intensity of the light passing through said
second member.

13. A system for the display of colored light informa-
tion in response to superimposed color intelligence
signals, which system comprises a source of light, a uni-
tary light modulating medium receiving light from said
source, means for applying an arrangement of electrical
charge to a surface of said medium, said arrangement
of electrical charge being modulated by said color intelli-
gence sinals, a first member defining a plurality of opti-
cally transparent areas separated by optically opaque areas
and oriented between said source and said medium, dis-
play means for colored light information, a second mem-
ber defining a plurality of optically transparent areas
separated by optically opaque areas and oriented be-
tween said medium and said display means, said first
and second members cooperating to block the passage of

light from said source to said display means in the ab-

sence of said signals, and means for simultaneously im-
posing diffraction grating patterns upon said medium in

- response to said signals to display said colored light
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14, A system for the display of colored light informa-
tion in response to superimposed color intelligence
signals, which system comprises a source of light, a uni-
tary light modulating medium receiving light from said
source, a first member defining a plurality of optically
transparent areas separated by optically opaque areas
and oriented between said source and said medium, dis-
play means for colored light information, a second mem-
ber defining a plurality of optically transparent areas
separated by optically opaque areas and oriented be-
tween said medium and said display means, said first
and second members cooperating to block the passage
of light from said source to said display means in the
absence of said signals, and deformation means for apply-
ing an arrangement of electrical charge to a surface of
said light modulating medium under the control of said
color intelligence signals for simultaneously imposing
phase grating diffraction patterns upon said medium in
response to said signals to cause components of light from
said source to be displayed as said colored light informa-
tion, said deformation means including means to vary the
amplitude of said patterns to control light intensity in said
display, and means establishing wave length of said pat-
terns to control the color components in said display.

15. A system for presenting color information on a
light modulating medium corresponding to a display com-
prising a unitary light modulating medinm, means pro-
viding electrical color intelligence signals each having
different values of one parameter in accordance with
different color components of said display and a second
parameter varying in accordance with the intensity of
each of said different components, means producing an
electron beam and scanning it over a surface of said
light modulating medium, means simultaneously con-
trolling said beam by said electrical color intelligence
signals to establish superimposed diffraction patterns on
said medium with each pattern having a parameter cor-
responding to a_ different one of said color components
and a second parameter varying point-by-point with the
intensity of said one of said components.

16. Apparatus for producing color television images
by means of a source of a plurality of wavelengths of
light, an image-bearing medium, means for deforming
the surface of said medium, first and second slit systems,
said medium being located between said first and sec-
ond slit systems, said source being adapted fo cause said
light of said plurality of wavelengths to pass through said
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first slit system and through said image-bearing medium,
means for applying signals representative of the color
components of said televised objects to said means for
deforming said medium, said deforming means thereupon
being adapted to cause frequency and amplitude modulat-
ed deformations in said medium, the frequencies of said
modulated deformations being such as to permit only
certain of said plurality of wavelengths of light to pass
through said second slit system onto said viewing sur-
face, the amplitude of said modulated deformations being
such as to control the amounts of said certain wavelengths
which pass through said second slit system, said light
passing second slit system in response 1o said amplitude
and frequency modulated deformations being adapted to
produce color television images on a viewing surface.

17. Apparatus for producing color television images,
comprising first and second slit sysiems, an image-bear-
ing medium located between said slit systems, means for
transmitting light of a plurality of wavelengths through
said first slit system and through said medium, means for
deforming the surface of said medium, means for apply-
ing signals representative of selected color components of
televised objects to said deforming means, said deform-
ing means thereupon causing deformations in said medi-.
um whose frequency is related to the hue of said color
components, said deforming means being further adapted
to modulate said deformations in amplitude, the am-
plitude of said modulations being related to the intensity
of said color components, said frequency of said deforma-
tions causing said medium to form interference spectra on
said second slit system so that said second slit system
passes substantially only light predetermined dominant
wavelengths, said amplitude modulations causing propor-
tionate amounts of light of said predetermined dominant
wavelengths to pass through said second slit system.

18. Color television projection apparatus, comprising
first and second slit systems, an image-bearing medium
located between said slit systems, means for transmitting
light of a plurality of wavelengths through said first slit
system and through said medium, means including de-
flecting means for deforming the surface of said medium,
a plurality of means for producing oscillatory waves hav-
ing respectively different frequencies, a plurality of modu-
lating means each coupled to a corresponding one of said
means for producing said oscillatory waves, means for
applying each of a plurality of voltage waves representa-
tive of selected color components of televised objects to
a corresponding one of said modulating means, said
modulating means thereupon being adapted to produce
output waves of a given frequency which are modulated
in amplitude in response to one of said color representa-
tive voltage waves, means for combining said output
waves, means for applying said combined output waves
to said means for deforming said medium, said medium
thereupon producing interference spectra, said interfer-
ence spectra falling upon said second slit system such that
substantially only light of predetermined dominant wave-
lengths passes through said second slit system, said
dominant wavelengths being related to the colors of which
said woltage waves are representative, the amount of
light of said predetermined dominant wavelengths pass-
ing through said second slit system being related to the
intensity of said color representative voltage waves.

19. A system for projecting color television images in
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representative of selected color components and repre-
sentative of the luminance components of a televised ob-
ject, comprising in combination first and second slit sys-
tems, an essentially transparent conductive liquid posi-

14

tioned intermediate said first and second slit systems,
means for modulating said liquid in response to said
luminance components whereby surface deformations of
said liquid having amplitude variations corresponding
thereto are produced, means for modulating said liquid
whereby surface deformations having frequency and am-
plitude variations corresponding to said color components
are produced, and means for passing light having a plu-
rality of wavelengths through said first slit system and
said liquid, said liquid thereupon being adapted to cause
varying amounts of said light to pass through said sec-
ond slit system as a function of the amplitude of the de-
formations in its surface corresponding to said luminance
components, said liquid being further adapted to cause
light of a restricted number of said plurality of wave-
lengths to pass said second slit system as a function of
the frequency of the deformations in its surface corre-
sponding to said color components, said light passing said
second slit system thereby producing a color television
image on a viewing surface. :

20. Color television projection apparatus comprising
first and second slit systems, an image bearing medium
located between said first and second slit systems, means
for transmitting light of a plurality of wave lengths through
said first slit system and through said medium, means
for deforming the surface of said medium, means for
producing oscillatory waves having a plurality of dif-
ferent frequencies corresponding 1o respective colors,
means to modulate waves of each of said frequencies, and
to apply the modulated wave to said deforming means, a
source of a plurality of voltage waves representative of
selected color components of televised objects, and means
to apply each of said voltage waves to said modulating
means to modulate an oscillatory wave of frequency
corresponding to the respective color component, said
deforming means thereby causing deformations in said
medium the frequencies of which correspond respective-
Iy to each of the frequencies of said oscillatory waves,
and the amplitude of which are related to each of said
color representative voltage waves, said medium there-
upon causing different interference spectra to fall upon
said second slit system in response to light transmitted
by said medium, said spectra falling on said second slit
system in such fashion that substantially only light of
different predetermined dominant wave lengths pass there-
through to form a color image of said televised objects.
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