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ALIEN PROPERTY CUSTODIAN

LIGHT MODULATING SCREEN

Hans Werner Paehr, Berlin-Zehlendorf, Ger-
many; vesied in the Allen Property Custodian

Applicatlon filed August 29, 1940

This invention relates to a light modulating
screen, particularly to a screen for television use
which allows modulation of the spatial intensity
distribution of a local light source of constent in-
tensity, and is a reflling of application Serial No.
209,931 filed May 25, 1938,

Screens of this type are known in the art, par-
ticularly such screens which make use of a multi-
tude of so-called filppers, which actuate light
valves or change the optical path of the light in
accordance with picture signals. These screens
are extremely difficult to produce and are slug-
gish in operation.

It 13 the object of this invention to provide a
new screen which can be readily produced with-
out difficulty; to provide a screen which is not
sluggish; to provide a screen which may be di-
rectly viewed or projected in an enlarged scale;
and to provide a screen rendering a brilliant im-
age of high definition. Other advantages may
be seen from the following description of the in-
vention.

Considered broadly, the screen according to
this invention consists of a deformable surface
capable of varying the optical path of light
through the screen, when deformed, and a ma-
trix. This matrix may conslst of & screen whose
openings are smaller than or equal to the size of
a picture element. Means are provided to press
individual regions of the matrix against the
deformable surface, or alternatively to press in-
dividual regions of the deformable surface
agalnst the matrix, in accordance with the in-
coming picture signals, resulting in a deforma-
tion of the deformable surface compared with its
position when no picture signals are recelved.
The matrix in effect divides the deformable sur-
face into a multitude of individual picture ele-
ments. There is also provided a local light source
of constant high intensity, whose light is directed
upon the deformable surface. The degree of
deformation of individual reglons of the surface
is used to alter the path of incident light rays.
This in turn results in a modulation of the spatial
distribution of light intensity. To this end, the
deformation of the deformable surface may he
used to alter the optical path of light through
the screen in two different ways. Pirst, deforma-
tion of the surface, if it is reflecting, can be used
to alter the angle of incidence and thereby also
the angle of reflection of light directed upon the
surface. Secondly, deformation of the surface,
if it is that of a transparent medium possessing
a certain predetermined refractive index, can be
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used to alter the angle of refraction to which
light passing through the screen 1s subjected.

The outgoing light stream, thus modulated in
its spatial Intensity distribution, can be directed
upon a screen of ground glass, thereupon produc-
ing an image, or may he gathered in a projection
lens and projected in anh enlarged scale upon a
viewing screen.

In order to explain the nature of this invention
in detall, several embodiments are shown in the
drawings, where Figures 1 to 5 are fragmentary
diagrammatic cross-sectional views of screens
embodying the present invention.

Referring to Figure 1, there is shown a maftrix
I, which may consist of a screen of any sultable
material. The flat portion of the bottom wall of
& cathode ray tube is indjcated by 2, and the ver-
tical arrow touching wall 2 from the bottom illus-
trates the cathode ray beam which is modulated
by incoming picture signals and scanned across
wall 2. The deformable surface 3 may consist .
of a thin meta! foil which is spaced from wall 2
by matrix |. The cathode ray heam produces
local charges on wall 2, according to its intensity.
Individual regions of the deformable surface 3
will then be atiracted toward wall 2 by virtue of
and to an extent corresponding to the magnitude
of the local charges. If a beam of Ught is inci-
dent upon a portlon of surface 3 which has not
been deformed but has remalned flat, it will be
entirely reflected in a new direction. If the
region of surface 3 upon which the beam is inci-
dent has heen deformed and shows a curvature
of the surface, the incident beam will be reflected
in varlous directions, that is, 1t will be dispersed.
Thus, if the screen 1s observed from the direction
of the emanating light rays themselves, the
screen will appear bright at spots where the sur-
face has remalned flat; spots which have been
more or less curved will appear less brilllant, ac-
cording to the degree of curvature. This distri-
bution of hbrightness, representing the new image,
may be directly viewed or projected upon a screen
by means of a lens system,

Figure 2 shows a modlfication of the above
embodiment. Again 2 may be the flat portion of
the bottom wall of a cathode ray tube, which is
scanned by the modulated cathode ray beam in-
dicated by the vertical arrow, Spaced from wall
2 is the matrix I, upon which a thin metal foil 3
may be attached in a sultable manner. Light
from a constant source is directed through a
latticework 4 upon foil 8 so that it is inecident
only upon certaln portlons of the individual re-
glons of the deformable surface. If the ele-
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mental regions of the surface are deformed, the
angie of reflection of the incident light will be
changed. A second latticework B, which Is iden-
tical with latticework 4, is located in the path of
the reflected light. If the reflecting surface is
not deformed at all, the reflected light beams
impinge on the solid portions of latticework
so that no ligcht will go through the latter. If
indlvidual regions of the reflecting surface are
deformed, this will to a certain degree change the
angle of reflection and a certain portion of the
light reflected by such an individual region wiil
be allowed to pass through an openhing in lattice-
work 5. The varlation in angle of reflection, and
thereby the amount of light passing through an
opening In latticework 6, can thus be varied in
accordance with incoming pleture slgnals. It is,
of course, also possible to allow a&ll light to pass
through latticework 6 when the surface 1s not
deformed and to blank out portions thereof with
Increasing deformation,

A modification in the construction of the screen
is possible Inasmuch as the thin foll 3 can be spot-
welded along lines or at certain points to a base
plate, thus eliminating matrix |. Alternatively,
it is possible 1o combine matrix | and wall 2 into
one unit, as may readily be seen.

The charges conveyed to wall 2 can be neu-
tralized by glving a certaln amount of conductiv-
ity to this wall or neutralization can be accom-
plished by a second cathode ray beam which
scans wall 2 simultaneously with the charging
cathode ray beam but leading the latter.

Figure 3 shows another embodiment of this in-
vention. A lquid 3 is disposed in a glass con-
tainer possessing two plane walls 6§ and 7. A
screen-shaped matrix § is in contact with the lig-
uid. Wall 6 constitues the flat bottom of a cath-
ode ray tube, scanned by the modulated cathode
ray beam lllustrated by the vertical arrow from
the top. The cathode ray beam conveys charges
to wall § in accordance with Incoming picture sig-
nals. For conditions of no charges on wall 8, the
liquid does not touch glass wall 6. However, If
charges are conveyed to glass wall §, the liquid,
which may he conductive and held at a definite
potential, is atracted towards glass wall §. The
attracting force is proportional to the charge, and
thereby the area of contact between liquid and
glass wall will correspond to the magnitude of the
charge. In this case, parallel light rays from a
constant source are directed upon the screen. In
such spots where liquid 9 is in contact with wall
6, the beam passes through the screen unimpeded.
In regions, however, where o contact exists, and
where wall 6 and the surface of liquid 9 are
spaced from eaeh other, incident light beams will
suffer total reflectlon. Water, for instance, can
be used as the required liquid. If the refractive
indices of wall § and liquld 9 are identical, per-
mehting light rays will not suffer any deflection.
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As it 15 necessary in this case that the light
from the constant source be incldent upon wall
6 under a constant angle, parallel light rays are
preferably used, and the upper surface of wall §,
as well as the bottom surface of wall 1, is provid-
ed with grooves so that the incident and emanat-
ing light rays form an angle of 90 degrees with
the respective surfaces. In order to avold wet-
ting of wall 6 by liquid 9, it may be preferable to
brevent this by providing the inner surface of
wall § with a flim of oil, or to take any other
measure to this end.

Figure 4 is a further embodiment of the inven-
tion. In Figure 4 a matrix 10 is again located
between two plane walls {1 and 12, The wall 11
is the flat portion of the bottom of a cathode ray
tube, scanned by the modulated cathode ray
beam lllustrated by the vertical arrow from
above, Matrix 10 is in close contact with wall
12, and each of its aperfures contains a droplet
of mercury 13. When the screen is not being
actuated, these droplets rest upon wall (2. When,
however, the cathode ray beam conveys local
charges to wall 11, these droplets are attracted
towards wall |1 thereby, so that they press them-
selves against this wall, whereby the area of con-
tact corresponds with the magnitude of the in-
dividual local charge. Light rays incident upon
wall 11 are reflected from reglons where mercury
droplets are In contact with wall 11. The amount
of light reflected is proportional to the area of
contact,

Figure 5 is a further embodiment of the inven-
tlon, and represents 82 modiflcation of that shown
in PFigure 4. In this case, the screen contains a
continuous layer of mercury 14 instead of indi-
vidual droplets. Matrix 8 is closely adjacent to
wall 1f. The mode of operation is essentlally the
same as described in connection with Figure 4.

In the cases of Figures 4 and 5, it may be pref-
erable to flll the space between walls |1 and 12,
which {s not taken up by the mercury and the
matrix, with an electrically isolating liquid of
substantially the same refractive index as that of
well 11. This may be done {n order to avoid ad-
hesion of the mercury droplets to the wall, and
to decrease the reflection from the lower surface
of wall i, Preferably, a liguld of low density is
used.

From the foregoing it may be seen that the use
of separate members for deflning picture ele-
ments and for light modulation has inherent ad-
vantages over other screens known in the prior
art,

While T have described embodiments of my in-
vention using a separate screen-iike member, re-
ferred to as the matrix, I do not limit myself to
this particular embodiment.

HANS WERNER PAEHR.



