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My invention relates to television receiving

tubes and systems and particularly to systems in- .

corporating tubes of the cathode ray light valve
type.

In certain types. of cathode ray light valves
utilizing the electron beam of a cathode ray tube
to control the orientation of particles in a liquid
to provide a valve action on light from an auxil-
iary light source such as disclosed in my copend-
ing application Serial No. 256,833 filed February
17, 1939, have been proposed, but have not been

_.altogether feasible because of the inability of the
structure to utilize the control action of the beam

to the fullest advantage, so that the effect of the
electron beam in controlling the light from the
auxiliary source has been inadequate. Other
difficulties have been encountered because the

" gtructure scanned by the electron beam and re-

sponding thereto would not rapidly return to a
condition of equilibrium to be in a condition to
be rescanned. In this type of tube the discharge
of the target or scanned structure to an equilib-
rium value is produced by using a scanning beam
of electrons having a velocity higher than the ve-
locity necessary to produce greater than unity
secondary electron emission from the scanned
structure. Such a method may not discharge the
target rapidly enough for modern television ar-
rangemernts and the target should preferably
have uniform secondary electron emitiing prop-
erties over its scanned surface. In practice it is
hard to provide such a surface, and even then
the half tones of the projected light on the view-
ing screen are somewhat limited in range.

The principal object of my invention is to pro-
vide a television receiving system incorporating 2
tube of the cathode ray light valve type wherein
the time response is quicker and the half tones
are of greater range under the operating condi-
tions imposed by modern television transmitting
systems. It is also an object to provide a device
and system which is responsive to the control
action of a modulated cathode ray beam to a
greater degree than heretofore. It is a further
object to provide an improved television receiv-
ing system and a method of operation wherein
the above difficulties with the prior art devices
are overcome.

In accordance with my invention I provide a
light valve of the cathode ray beam type hav-
ing an electrically polarizing light absorbing me-
dium with means to swing the potential of the
scanned target surface above and below the po-
tential impressed on the surface by scanning.
Mare partticwarly, I periodically vary the poten-
tial impressed at the boundaries of the light ab-
sorbing medium with respect to the cathode ray
beam accelerating potential so that the cathode
ray beam is effective in changing the potential of
the scanned surface during a subsequent scan.
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1 provide a convenient way of varying this po-
tential by the use of switching means, to change
the potential on electrodes on either side of the
light absorbing medium with respect to the beam
accelerating anode, the switching being effected
during the periods between frame scanning.
These and still other objects, features, and ad-
vantages of my invention will become apparent
and will at once suggest themselves to those
skilled in the art from the following description
taken in connection with the accompanying
drawing in which:

Figure 1 is a view in cross section of a cathode .
ray light valve or tube and picture projection sys-
tem embodying my invention;

Pigure 2 is a pair of curves indicating the sec-
ondary electron emission characteristics of cer-
tain of the electrode structure shown in Figure 1;

Figure 3 is a schematic representation of cer-
tain of the tube structure shown in Figure 1 to
illustrate certain aspects of the operation of my
device; and : .

Tigure 4 is a partial view of a modified tube
structure which may be used in my system.

Referring to Figure 1 which illustrates my tube
and system, the cathode ray tube or light valve
includes a highly evacuated envelope or bulb |
of cylindrical shape-with a fubular arm or neck
section enclosing a conventional electron gun.
The cylindrical portion of the bulb I is provided
at one end thereof with a window 2 of optically
uniform material such as glass so that light from
a substantially constant intensity licht source 3
may be formed into parallel rays of light by the
lens system 4 and projected through the cylin-
drical portion of the bulb 1. The opposite end of
the cylindrical portion of the tube is provided
with a closure, likewise of optically transparent
material which will hereinafter be referred to as
the target 5 being positioned so as to be scanned

‘by an electron beam originating from the gun

. structure in the neck of the bulb {.
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The electron gun assembly is of the conven-
tional type and comprises a cathode 6 from which
an electron stream may be drawn, a control elec-
trode 1, and a first anode 8 maintained positive
with respect to the cathode 6. The electron
stream leaving the first anode 8 is accelerated and
concentrated into an electron scanning beam
focused on the surface of the target 5 facing the
electron gun by a second anode 9 which is pref-
erably a conductive coating on the inner surface
of the envelope | over a portion of the neck sec-
tion and also over g portion of the inner surface
of the cylindrical section. The first anode 8 and
the second anode 9 are maintained at the desired
positive potentials with respect to the cathode 6
by a potential source such as the battery 0. The
control electrode T is maintained slightly nega--
tive with respect to the cathode 6 by the biasing
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battery Il connected between the control elec-
trode and the cathode in series with a source of
“control potential or a video receiver 12 such as
used in conventional television receiving systems.
Adjacent the end of the first anode 8 farthest
removed, from the control electrode T I provide
means for sweeping the electron beam over the
target 5. For this purpose I have shown the de-
flection coils H and V for deflecting the electron
beam in mutually perpendicular directions such
as in a horizontal and a vertical direction respec-
tively, the period of vertical scanning being
greater than the period of horizontal scanning
by a factor determined by the number of hori-
zontal lines desired. The coils are supplied with
the proper currents for sweeping the beam over
the target 5 by conventional horizontal and ver-
tical sweep oscillators, that supplying the coils H
being suitably controlled for keystone compensa-
tion as well known in the art since the plane of
the target § is at an angle with respect to the
longitudinal axis of the electron gun. It is un-
derstood that conventional deflection plates may

be substituted for either one or koth of the de-

flection coils if desired.

The target 5 is composed of high electrical re-
sistance material having the desired quality of
being optically transparent and. is sealed to the
bulb ( by the use of an intermediate vitreous ma-
terial as described in my above copending appli-
cation. T have found it necessary to provide a
physically rugged target of material having the
desired characteristics but which is nevertheless
sufficiently thin to meet the operating require-
ments of my device. In the preferred modifica-
tions of my device I prefer mica as a target ma-
terial because even when sufficiently thin, such
as a few thousandths of an inch, it is sufficiently
strong to withstand normal hydrostatic and vapor
pressures. :

I provide a container or reservoir 13 positioned
exterior to the envelope or bulb 1 and adjacent
the target 5, the target § preferably forming one
wall of the container. In the wall of the reser-
voir 13 and opposite the target § I provide a win-
dow 14 of glass or other transparent material
axially aligned with the target 5 and also with
the window 2 so that light from the light source
3 may be projected through the cylindrical sec-
tion of the bulb | and the reserveir 13 and focused
on a distant light intercepting or viewing screen
5 by the lens system 6. The target 5 and win-
dow 14 constitute in efiect a double wall for
the envelope or bulb {. The distance between
the adjacent surfaces of the target 5 and the win-
dow 4 is not critical although it should be small.
Preferably this distance should be substantially
~ equal to the diameter of the electron beam from
the electron gun. I have made satisfactory tubes
of this type where this distance was less than one
millimeter. On one surface of the reservoir win-
dow 14, preferably the outside surface thereof, I
provide a substantially transparent electrically
conductive electrode (7, preferably an exceed-
. ingly thin film of metal, such as gold or platinum,
which may be sputtered, condensed from the va-
por phase, or otherwise applied as well known to
those familiar with the art of making thin con-
ductive films. While I have shown the electrode
17 on the outside surface of the window 14, it may
be deposited on the opposite or inside surface and
still nieet the requirements of my device.

Within the reservoir 13 I provide a suspending
medium cor liquid {8 carrying in suspension a
great number of light intercepting or absorbing
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particles 19, which may be oriented to vary the
light transmitting character of the device. The
characteristics and functions of the liquid 18 and
the particles 19 will be considered more fully be-
low. Between the target § and the window I4,
I provide a mechanical agitator such as a sheet
of mica or other transparent material (not
shown) which is maintained in motion during
operation of the device.

I make the target 5 of such a material that
when bombarded by energy such as by a beam
of electrons of relatively low velocity the charge
produced thereon is negative whereas when bom-
barded with higher velocity electrons the charge
developed thereon is positive in that more sec-
ondary electrons are liberated from the target
than there are arriving primary electrons, the
material also having the property that under still
higher velocity electron bombardment fewer sec-
ondary electrons are produced than there are
arriving electrons. The electron beam produced
and focused on the target 5 by the electron gun
is modulated in intensity by the control electrode
1. The intensity of the beam over g period of
one vertical sweep of the beam may be utilized
to produce a picture produced in a manner well
known in the art but instead of the picture being
rendered visible by the cooperation of a fluores-
cent material deposited cn the target the elec-
trons produce an electrostatic image of the pic-
ture, which electrostatic image varies in in-
tensity of charge from area to area in accord-
ance with the light and shade areas from which
the signals applied to the control electrode T were
derived. The electrostatic image on the target
5 orients the particles (9 in the suspension in g
manner to be described and thus permits vary-
ing amounts of light from the source 3 to pass
through the suspension and be focused upon the
viewing screen 15, the energy of the viewed pic-
ture being controlled but not generated by the

electron beam.
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‘As shown in considerable detail in my co-
pending application the suspending medium or
liquid 18 contained in the reservoir (3 may be
any liquid having the desired characteristics as
regards electrical resistance, transparency, va-
bor pressure and viscosity. Thus the suspending
medium preferably has very high electrical re-
sistance and transparency and low vapor pres-
sure and viscosity.. Liquids including n-amyl-
sebacate, ethyl - hexyl - phthalate, ethyl-hexyl-
acetate, and tetrabromoethane are satisfactory.
Particles of graphite of a size somewhat larger
than colloidal, or commercial aluminum foil hav-
ing a thickness less than 1% micron, the foil be-
ing sub-divided into particles that are very thin
compared to their other dimensions may be used.
The ratio of the areas of the particles normal to
the light-rays passing through the light valve
in the deoriented and oriented condition should
be as large as possible. This ratio may be termed
the shape factor of the particle when taken with
respect to the interposed particle area in the two
conditions. I have found that with particles of
any average shape factor the change in light
transmission of the suspensicn with the appli-
cation of the field and the efficiency with which
the light is controlled may be varied in a pre~
dictable manner by changing the number of
particles contained in a unit volume of the sus-
pending medium. Thus, for television purposes,
for example, maximum contrast of the optical
image projected as a picture on the viewing
screen {5 can be adjusted to the desired value
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when the light valve is constructed and the av-
erage brightness of the picture can be adjusted
at any time by changing the intensity of the
light source 3.

In accordance with my invention I provide
means to suddenly change the potential adjacent
the scanned surface of the target § with respect
to the electrode 171 at a rate commensurate with
the rate of frame scanning. I thus provide means

. to capacitively swing scanned elements of the
target § from a high potential to a low potential
with respect to the second anode § which is
maintained at the high potential.

Referring to Figure 1 I provide an electrode
20 preferably as a band of metal on the wall of
the envelope 1 between the se¢ond anode 9 and
the target 5. The electrodes 17 and 20 are con-
nected through a rotating commutator 21 having
& conducting section 22 and an insulating section
23 to the second anode 9. These electrodes are
also connected to a point 24 of the battery (0
which point is negative with respect to the sec-
ond anode 9 potential. This connection is made
through a high resistance 25 of 8 to 12 megohms
to allow the charge applied to the electrodes 17
and 20 upon rotation of the commutator to leak
off. The value of this resistance should be such
that the charge leaks off in the time between
frame scannings of the beam, that is during the
vertical return time. The use of the resistance
25 may be avoided by using a double contacting
commutator to switch the electrodes 17 and 20
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first to Second anode potential and then to a -

lower potential between alternate frame scan-
nings. While I have shown a simple commutator
arrangement for rapidly changing the potential
of the electrodes 17 and 20 with respect to the
second anode 9 it is obvious that the commutator
mey be replaced with a thermionic vacuum tube
oscillator of the square wave generating type.

In operation the potential applied to the sec-
ond anode may be approximately 7000 volts posi-
tive with respect to the cathode 6, and the point
24 on the battery 10 may be 5000 volts positive
with respect to the cathode 6. While I prefer
to operate the electrodes 1T and 20 during alter-
nate scanning periods at second anode potential
and at a potential negative with respect to sec-
ond anode potential, I have found that the system
will work equally as well if this potential is posi-
tive with respect to the second anode. The
choice of the lower potential simplifies the power
supply requirements. .

The selection of the tube or light valve poten-
tials will become apparent upon consideration of
Figure 2, wherein the curves represent the emis-
sion of secondary electrons from the scanned
surface of the target 5 as ordinanjs for values
of the second ancde potential as abscissae. I
have found that it is somewhat difficult to pro-
vide a target of material having uniform sec-
ondary electron emitting properties over its en-
tire surface, but in my system and method of
operation it is not necessary that the entire tar-
get surface have the same secondary emitting
properties and I have therefore shown two curves
in Figure 2 representative of two portions of the
target surface, although it is understood that the
various areas of the target may vary in secondary
electron emitting properties over wide limits.
Referring again to Pigure 2 and to the curve
shown in full outline, the line A represents unity
secondary electron-emission, a condition which
exists when the secondary electron emission from

the target is equivalent in quantity to the number
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of primary electrons impinging on the target.
It will be observed that at second anode poten-
tial below the point marked B on the curve, the
ratio of secondary electrons to primary electrons
is less than unity, whereas for second anode po-
tentials between the points B and C the second-
ary emission is greater than unity and for higher
botentials than that represented by point C this
ratio is again less than unity. It may, therefore,
be observed that the curve in full outline crosses
the line A at two points, B and C. The points B
and C will therefore be referred to as first and
second cross-over respectively. For mica the
first and second cross-over points are approxi-
mately 100 and 3000 volts respectively as shown.
In selecting potentials such as the 5000 and 7000
volts referred to above, it is evident that these
potentials have been selected as being higher
than the highest second cross-over potential of
any point or area of the target 5, and the differ-
ence of these potentials should be less than the
second cross-over potential minus the first cross-
over potential. Thus, this difference of potential
should not exceed 2900 volts in the example con-
sidered.

Referring again to Figure 1, the potential of
the electrodes 1T and 20 is substantially that
of the second anode 9 when the circuit through
the commutator 21 is closed through the con-
ducting segment 22. When, however, due to ro-
tation of the commutator 21, the circuit between
the electrode 20 and the battery 10 is interrupted
by the insulating segment 23, the potential of
these electrodes quickly assumes the potential of
the point 24 on the battery i0 which, at the
values given above, is 5000 volts, the second an-
ode being at 7000 volts with respect to the cath-

.ode 6. Obviously, the type of commutator or

other device used to vary the potential of the
electrodes 17 and 20 may be of any type designed
to accomplish the desired results with respect to .
amplitude, potential and phase of the potential
which is desired. I have found, however, that
the time during which the circuit is closed should
be substantially equal to the time during which
the circuit is open through the commutator 21 so
that the potential applied between the electrodes
17 and 20 and the second anode 9 is of the square
wave type. I have also found that the circuit
through the commutator 21 should be opened
or closed immediately before the target is ver-
tically scanned and that the reverse occur im-
mediately before the next vertical scan. The re-
versals should therefore take place between the
periods of vertical frame scanning, that is, dur-
ing the time required between the end of one
vertical frame and the beginning of the next
vertical frame. Thus, for receiving television
signals transmitted under the present RMA sys-
tem of transmission using 30 frames per second,
the speed of a commutator having a contact over
180° of its periphery should be 15 revolutions per
second, since the circuit is completed and broken
twice for each revolution. It is therefore desir-
able to synchronize the speed of the commutator
with the frame synchronizing circuits of the vid-
eo receiver (2, although this is not necessary,
since I have found that this speed may be varied
over quite wide limits provided moving bar pat-
terns may be tolerated.

I have found that by applying s substantially
square wave shape potential variation between
the second anode 9 and the electrodes 171 and
20 it is possible to obtain very good half-tones
in the recreated picture with low beam currents
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;of the order of 10 microsmperes average current
over g frame period.: With my device and sys-

..-tem disclosed in my above-referenced copending

application wherein the electrode 20 was not
used and the transparent electrode 1T was con-
"nected directly to the second anode, an average
electron beam current of appoximately 75 micro-
amperes was necessary for proper operation us-
ing my previous method of secondary electron
discharge of the scanned areas.
system of varying the potential applied to the
electrodes (T and 20, much lower average beam
current is required for the reproduction of a
changing picture, resulting in the current range

for half-tone reproduction of both repetitive and

changing pictures being the same so that the
valve is capable of much higher half-tone re-
sponse. -

The method of operation yielding actuation of
the valve at low beam currents is explained by
referring to the following table and to Figure 3,
which shows a fragmentary cross-section of a
portion of the light valve in Figure 1.

g%tential
i ifference
qule Operation D E F G | aor 055 Sus-
pension

0.____. Before ist scan____. 7,000 7,000{ 7,000 7,000 0

) SR First sean....____.. 6, 000} 6,200 6,800} 7,000 +600

Polarization___.____ 6, 000} 6, 500| 6, 500 7,000 (1}

Impuise downward | 4,000 4, 500| 4, 500] 5, 000 0

2. Second scan_....__ 3,000( 3,700 4,300| 5,000 +600

Polorization__..____ 3,000} 4, 000] 4,000 5,000 0

Impulse upward.__| 5 000 6,000] 6,000 7, 000 0

F: R Third sean__._._____ 4,000; 5,200 5,800| 7,000 +600

Polarization________ 4,000 5, 500| 5,500 7,000 0

Impulse downward | 2,000 3, 500{ 3, 500] 5, 000 0

P SR Fourthscan___... __ 3, 000] 4,300| 3,700 5,000 —600

4 Polarization._.._- -] 3,000 -4, 000} 4,000{ 5,000 [}
Impuise upward.__| 5,000 6,000f 6,000 7,000 0

6. . ..| Fifthsean..______ --| 4,000! 5,200 5,800{ 7,000 +600
v Polarization... ... 4,000 5,.500] 5, 5001 7,000 0
R Impulse downward | 2,000 3,500/ 3,500{ 5, 000 0
[ T, Sixth scan.......... 3,000| 4,300{ 3,700] 5,000 —600

Polarization..______ 3,000| 4,000 4, 000 5,000 0

N Impulse upward. ..{ 5,000 6,000| 6,000] 7,000 1}

The columns of the above table headed D, E,
F, and G show voltages assumed by an elemental
sarea of the surfaces D, E, F and G when an area
of the target is scanned, and refer to the corre-
sponding designations of these surfaces in Figure
3. The terms “impulse upward” and “impulse
downward” refer to the changes of potential im-
pressed on the semi-transparent conducting elec-
trode {7, on the electrode 20, and, by capacitive
coupling, on the scanned surface of the wall §,
by the use of the commutator 24. It is assumed
that the target 5 is scanned over the surface D
with an unmecdulated beam to produce a repeti-
tive raster. It islikewise assumed that the second
anode 9 is held at 7000 volts. and that the po-
tential on the electrodes 17T and 20 is alternately
changed from 7000 to 5000 and from 5000 to 7000
volts between successive frame -periods of scan-
ning. Thus, the electrodes 1T and 20 are held at
7000 volts during one scan, 5000 volts during the
next, 7000 volts during the third etc., by rotat-
ing the commutator 21 which is synchronized
with the vertical scanning frequency. It is fur-
ther assumed that the secondary emission second
cross-over point of the target 5 is at an electron
velocity of 3000 volts as shown by the full line
curve in Figure 2 and that the electron beam from
the cathode 6 is of such intensity as to change
the potential of the scanned element, under con-
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sideration in the above table, by 1000 volts. It is
also further assumed that 20% of the potential
difference generated by scanning the surface D
imposed across the target 5, the suspension 18 and
the wall 14 occurs across each wall and that the
suspension opposite a scanned element polarizes
completely before the next time this element is
scanned. This leaves 60% of the potential differ-
ence available for activating the particles in the
suspension. These assumptions of 20% and 60%
refer to any new field superimposed upon the
fields present due to the charge distribution ob-
tained before the gpplication of the new field.
Thus in the first scan of cycle I as shown by
the above table, 60% of the change in potential
is across the fluid and 20% is across each wall.
Thus if D falls 1000 volts, E falls 80% of this,
or 800 volts, P falls 20%, or 200 volts. After
“impulse downward” at the end of the first cycle,
the charge distribution places 1000 volts across ™
the whole valve, buft none across the suspen-
sion, due to leakage. The second scan (cycle
2) reduces the potential of the surface D by 1000
volts more, and it is assumed that 20% of this
change appears across each wall and 60% across
the suspension. Hence E falls 80% of the po-
tential difference caused by scanning, or 800 volts
(from 4500 to 3700), while P falls 20% of this
same potential, or 200 volts, or from 4500 to 4300
volts. In all subsequent rapid changes due to
scanning, which changes the fleld across the valve
as a whole, 20% of the change appears across
each wall and 60% across the liquid suspen-
sion. These assumptions are reasonable since I
have found that changes in any of the assump-
tions will, in general, result in no essential change
in the mode of operation.

Referring to the above table, the potentials
tabulated below the surfaces of the walls are for
an element bombarded early in the vertical scan-
ning period.  Before the first scan and with the
commutator 24 closed to complete the circuit
through the segment 22, all wall potentials are
that of the second anode, namely, 7000 volts due
to leakage, and the potential difference across the
suspension 8 is zero. The electron beam from
the cathode 6 then strikes the element or area
under consideration and since the beam velocity
is above that corresponding to the secondary
emission second cross-over point, the bom-
barded element falls in potential by 1000 volts.
The resulting field is distributed across the valve,
a potential difference of 600 volts (the sign ar-
bitrarily taken to be positive) appearing across
the suspension, and the suspended particles are
oriented. Since the suspension 18 is not a perfect
electrical insulator, this potential difference across
the suspension disappears due to electrical leak-
age, this action being termed electrical polariza-
tion of the suspension. Therefore, during the
remainder of the first vertical scan, the suspen-
sion opposite the area under -consideration
polarizes and all of the potential difference ap-
pears across the wall of the target 5 and across
the window (4. During this period of polariza-
tion the particles in suspension have become
oriented and deoriented again by whatever means
are employed for the latter purpose, such as the

" sheet of mica between the target 5 and wall 14

70
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referred to above. The electrical leakage has
been referred to above as “electrical polarization”
because electrical leakage of the suspension re-
sults in electrical polarization. This is true since
the leakage results in a transfer of charge to the
surfaces of the suspension, hence to the inside
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surfaces E and P of the walls 5 and 14. This
distribution of bound charges at the interfaces,
notwithstanding the charges on the outside of
the walls, results in a zero field across the sus-
pension. It is a real charge distribution, for if
the charges on the outside of the walls were re-
moved, the charges on the inside of the walls
would result in a field across the suspension. A
change in the charge on the surface E, which
occurs at every scan, upsets the balanced charge
distribution and causes a field to reappear across
the suspension. Due to leakage, the charge is
again dissipated until the charge distribution is
such as to result in zero field across the suspen-
sion.  As soon as the charge on the surface D
of the wall 5 is changed to produce a field across
the suspension, a current flows in the suspension,
due to leakage, and the polarization changes,
giving a new charge distribution again resulting
in no field across the suspension. Beginning with
the third cycle, this current flows in opposite di-
rections in alternate cycles and the process is
repeated indefinitely.. The electron beam is pref-
erably blanked out during the return time vari-
ous methods for such blanking being well known
in the art and during this return time the com-
mutator 21 breaks the contact between the elec-
trodes 17 and 20 and the second anode, and
the charge on these electrodes is rapidly dissi~
pated through the resistor 25, and the electrodes
17 and 20 assume the potential of the point 24
on the battery 18, this potential being, as indi-
cated above, 2000 volts less than that applied to
the second anode. The combination of capacitive
coupling to the electrode 20 and to the surface on
which the electrode 17 is deposited carries all
of the areas of all the walls of the valve down
in potential. It is assumed that these walls are
carried down 2000 volts, although departures from
this uniformity of potential change will not alter
the essentials of the operation of the device.

The next cycle of operation begins with the.

rescanning of the element under consideration
which is again reduced in potential, this time to
the assumed second .cross-over point of the tar-
get 5, or to 3000 volts. This new change in po-
tential is distributed across the valve, again re-
sulting in 600 volts being developed across the
suspension. Polarization follows and the cycle is
completed with the upward potential change of

the electrodes {7 and 20 due to the closing of the

commutator following the second scan. In the
third cycle the potential across the valve is again
600 volts in the same direction as in the first and
second cycles and no new step is introduced ex-
cept that the recently scanned element is now
caused to swing below the second cross-over
point. In the fourth cycle the scanned area
is changed upwardly in potential to 3000 volts,
since the secondary emission ratio is now greater
than unity and for the first time the field across
the suspension is reversed, resulting in a potential
difference arcoss the suspension of minus 600
volts. The fifth and sixth cycles are repetitions
of the third and fourth respectively, and subse-
quent cycles repeat in pairs.
It will be apparent from the above explanation
that the potential developed across the suspen-
" sion is alternating in direction. This feature is
_of considerable importance in that the particles
in suspension are not always caused to migrate
in the same direction. The sticking of the par-
ticles to the inner walls of the valve is much less
with this capacitive mode of operation than when
all of the electrodes are maintained at a fixed po-
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tential, and where the beam charges the surface
of the target 5 down in potential at each scan-
ning, as disclosed in my copending application
referred to above. It will likewise be observed
from the above table that the potential across the
valve never falls to zero, but this is immaterial
since the suspended particles respond only to the
potential across the suspension which falls to
zero between successive horizontal scannings.

While I have disclosed the transparent elec-
trode 17 as being on the outside surface of the
window {4 and I have shown this positioning
in the above mode of operation, I have found
that the valve works equally as well with this
electrode on the opposite surface of the window
{4. This latter arrangement is to be preferred
where it is necessary to have the window {4 of
considerable thickness to withstand atmospherie
pressure such as when the area of the target b
is considerable.

I have indicated that the use of a square wave
potential change between the electrodes 1T and
20 with respect to the second anode § is prefer-
able. Thus, it should be pointed out that the
use of a sine wave of alternating potential will
not satisfy the requiremerits of my system. Thus,
if the scanning be assumed to be 30 frames per
second, a 15-cycle sine wave will leave the begin-
ning and end areas of the target, in sequence
of scanning, unactuated. In addition, a 30-cycle
sine wave or any multiple will leave the scanned
area under consideration at the same potential
given to this scanned area during the previous
scanning cycle, since the potential on the elec-
trode 28 would return io the same amplitude and
the same phase. Hence, the beam can apply no
new impulse to the area under consideration.
Odd multiples of 15-cycle sine wave potentials
would have reversed ampltiudes in alternating
vertical frames and would again leave the nodal
points unactuated. Finally, sine wave frequen-
cies incommensurate with 30 cycles per second
would result in drifting bar patterns.

With different values of second anode poten-

‘tial the wall potentials of the valve during the

cycles of operation before equilibrium is estab-
lished, such as before the fourth eycle in the
above table, will be somewhat different from
those given above, but the potential of the
scanned target and the potential difference across
the suspension will soon assume the above tabu-
lated values. Furthermore, after the first few
cycles, essentially the same equilibrium will be
reached whether the area under consideration is
at the beginning, during or at the end of the ver-
tical frame scanning, since the polarization and
the potential difference across the suspension due
to scanning are essentially independent of the
absolute values of the potentials and are un-
effected by the sudden change produced by com-
mutation. :

If the beam current is strong enough to charge
the scanned area down to the second cross-over
potential from the higher of the two potentials
applied to the electrodes 11 and 20, a newly
scanned area which might be expected to be at
second anode potential initially would be changed
by 4000 volts during the odd-numbered cycles,
but by only 2000 volts during the even-numbered
cycles shown in the above table resulting in a
serious asymmetry. However, for half-tone re-
production the beam current is adjusted to charge
the surface by the desired number of volts and
if the potential of electrode 20 is always above
that of the second cross-over point by more than
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the maximum desired voltage swing, this asym-
metry disappears. Therefore, the voliage swing
of the electrodes {7 and 20 with respect to second
anode potential should be at least as great and
preferably greater than the maximum potential
change to be impressed on the target 5 by scan-
ning, but must be less than the beam velocity in
volts corresponding to the second cross-over
point of the scanned target surface because if
this potential change is greater than this beam

velocity the target would be below cathode po-

tential.

In the unusual case in which an actuation of
the same magnitude is to be developed at a given
point on alternate frames only, the tabulations
given in the above table will not apply strictly.
Thus, in a television system, assume that the pic-
ture to be translated on the viewing screen {5 is
that of a white picket fence which is being pano-
ramed by the transmitting camera at a rate such
that an identical image of a picket appears in
alternate scanning frames and is effective over
the same area of the viewing screen. For this
condition of operation, an area left by the beam
at 3000 volts, for example, would be carried ca-
pacitively to either 5000 volts or 1000 volts and
back to 3000 volts prior to the next scanning,
Upon the next scanning the beam would find the
area under consideration at the second cross-
over point and could not alter its potential. This
condition of operation, however, would occur
very infrequently so that this difficulty may be
neglected.

In assuming conditions of operation ahove it

was assumed that the scanning rate was 30 cycles

per second non-interlaced wherein the change of
potential occurs at the end of the frame period.
For interlaced scanning either of the single or
multiple type, the change in potential should
occur at the end of the frame period rather than
following each field.

As pointed out above, my system and method
of operation are not dependent upon the uni-
formity of the target § with respect to the second
cross-over point. This feature of my invention
will become apparent upon consideration of the
following table where it is assumed that the sec~
ond cross-over point of one portion of the target
is 3000 volts and of another portion is 4000 volts
and that the potential of the electrodes I7 and
29 is varied between 5000 and 7000 volts, the
electron beam being of such intensity as to
charge the surface of the target by 1000 volts.

Seeo}:d Second
; crossing | crossing
Operation point point

3,000 v. | 4,000 v.
131721 o S 7.000 7. 000
b0 2T ¢ 6 000 6, 000
Potential dropped 2,000 v_ 4, 000 4.000
nd sean_._..__..__ 3, 000 4, 000
Potential raised 2,000 v_ 5, 000 6, 0600
rd scan_________.__ 4,000 5, 000
Potential dropped 2,000 V. . ooccmcamicieeaaes 2,000 3, 000
SCANc s 3,000 4, 000
Potential raised 2,000 5,000 6, 000
h sean 4,000 5,000
Potential dropped 2,000 3, 000
h scan. 3,000 4,000
Potential raised 2,000 v...___ 5, 000 6, 000
thsean.. ______.__.__ 4, 000 5, 000
Potential dropped 2,000 v_____..___._____.____ 2,000 3,000
8th scan 3,000 4,000

It will be seen from the above table that be-
ginning with the third scan, that is, the begin-
ning of the third frame period, 1000 volts differ-
ence of potential of alternating direction for
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subsequent scans is applied to both areas having
different second cross-over points. With the ex-
ception of the second scan of the area having
the higher second cross-over point, 1000 volts is
applied to each area during the earlier scans as

‘well.. Thus, a repetitive highlight would be de-

veloped equally well on the two areas of widely
different = secondary emission second -crossing
points. With respect to newly scanned areas; the
full potential difference of 1000 volts would be
applied fo either area for successive scans as long
as the minimum second anode potential is above
the highest second cross-over point by at least
the maximum change in potential to be developed
by scanning,

I have found in the operation of the system de-
scribed above that secondary electrons liberated
from the scanned areas of the target are col-
lected by other areas which are to be scanned and
that this collection of secondary electrons may
vary the amount to which the areas may be
charged down by the beam. Thus, a potential
difference across the valve may not appear at
certain areas for every scan but only at alter-
nating scans. I have found that this difficulty
can be overcome by providing means to with-
draw secondary electrons from the scanned sur-
face of the target 5. For this purpose I provide
a wire mesh grid 26 in place of the electrode 20
as shown in Figure 4. Replacing the electrode
20 with the wire mesh electrode 26, is desirable’
inasmuch as it is possible to obtain a closely ad-
jacent spacing between the electrode 26 and the

~ target 5, this closer spacing preventing spurious
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effects produced by non-uniform collectidh_;‘é‘[ sec-
ondary electrons over the surface of the target
5. To prevent defocusing and change in’deflec-
tion sensitivity of the beam I provide a second
wire mesh electrode 27 between the second anode
9 and the wire mesh electrode 26. It is under-
stood, of course, that the connections of the de-
vice shown in Figure 4 are similar to those shown
in Figure 1 except that the electrode 27 is main-
tained at second anode potential.

While I prefer to scan the target 5 with a beam
from an electron gun as shown in Figure 1, this
gun structure may be replaced by a photocathode
which is scanned with a beam of light to provide
a scanning electron bheam which is directed to-
ward and focused upon the target 5. My system
is likewise applicable to a tube wherein the inner
surface of the window 2 is provided with a photo-
cathode insensitive to the light from the source
3 but sensitive to monochromatic light such as
infra red so that the electron scanning beam may
be generated by scanning the photocathode on
the window 2 with an infra red light beam. Fur-
thermore, my system is not limited for use with
a device having a liquid suspension but is equally
applicable to any device in which the light inter-
cepting medium becomes electrically polarized,
such as of the type described by Zworykin, U. S.
Patent 2,025,143, which uses a material char-
acterized by the fact that the same is normally
opaque, but upon being exposed to or struck by
a cathode ray beam at any spot or region thereon
will become transparent to light in more or less
degree in accordance with the intensity of the
beam. Since these various modifications will be-
come apparent from the above description, it is
believed unnecessary to illustrate these particular
arrangements, but that the same will be obvious
to those skilled in the art to which my invention
is directed.

While I have indicated the preferred embodi-
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ments of my invention of which I am now aware,
I have also indicated only one specific application
for which my invention may be employed and it
will be apparent that my invention is by no means
limited to the exact forms jliustrated or the use
indicated but that many variations may be made
in the particular structure used and the purpose
for which it is employed without departing from
the scope of my invention as set forth in the ap-
pended claims.

What I claim is:

1. In a system for television reception, a cath-
ode ray light valve having a double end wall, &
suspension of substantially flat light intercepting
particles adapted to be aligned by an electrostatic
field in an electrically polarizable liquid carrier
between said double wall, an electron source ex-
posed to the inner surface of said double wall and
an associated anode within said valve to generate
an electron beam, means between the anode and
said source to vary the intensity of said beam,
means to scan the beam over the said inner sur-
face of said double wall in mutually perpendicular
frame and line diréctions to develop electrostatic
charges proportional in intensity to the intensity
of said beam and vary the light intercepting prop-
erties of said suspensicn by alignment of said
particles, an electrode between said ancde and the
inner surface of said double wall, means to im-
press a difference of potential on the said anode
with respect to said electrode and the outer sur-
face of said double wall, and means operative
following completion of alternate frame scansions
of said inner surface to rcmove the said differ-
ence of potential periodically and periodically
maintain the cuter surface of said double wall
and said electrode at the potential of the said
anode to thereby vary the potential of the
scanned inner surface of said wall, means to pro-
ject light through said double wall and said sus-
pension, and means to intercept the light passing
therethrough.

2. In a system for television reception a cath-
ode ray tube having two closely adjacent light
transmitting end walls, an electron gun includ-
ing an anode within said tube and exposed to the
imner surface of one wall to generate an electron
beam of variable intensity, a suspension of light
intercepting substantially flat particles in a liquid
carrier between said walls, means to scan said
beam in two mutually perpendicular directions

. over the said inner surface of one wall to produce
thereon an electrostatic image representative of
the intensity of said beam, the period of dura-
tion of scanning in one direction being greater
than the period in the other direction, a pair of
electrodes, one on either side of said suspension
and adjacent said walls, means to apply a dif-
ference ‘of potential of constant magnitude be-
tween said pair of electrodes and the said anode
of said gun and switching means to electrically
connect together said pair of electrodes and said
anode immediately following completion of the
alternate periods of scanning which are of the
longer duration. .

3. In a system for television reception a cath-
ode ray tube having a light transmitting double
end wall, means including an anode within said
tube to generate an electron peam of variable in-
tensity, a suspension of light intercepting par-
ticles capable of being oriented in an electrostatic
field in a liquid carrier between said double wall,
means to scan the inner surface of one wall of
said double wall in two mutually perpendicular
directions with said electron beam to produce
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thereon an electrostatic image having & charge
distribution representative of the intensity of said
beam, means including an electrode adjacent the
other wall of said double end wall to impress an
electrostatic field across said suspension, said
fHeld corresponding in spatial intensity to said
electrostatic image, means to apply a difference of
potential of constant magnitude between said
anode and said electrode immediately following
completion of alternate periods of scanning in
one of said directions whereby the light trans-

‘mitting properties of the said suspension may be

varied in accordance with the intensity of said
beam.

4. In a system for television reception, a cath-
ode ray tube having a light transmitting target
of a material which liberates fewer secondary
electrons than incident electrons when bom-
parded with a high velocity cathode ray beam, &
container joined to said tube, said container
having a light transmitting window opposite and
axially aligned with said target, a suspension of
light absorbing particles in an electrically polar-
izable liquid medium in said container and be-
tween said target and said window, means in-
cluding an electron source and an anode within
said tube to generate an electron beam, a source
of potential connected between said cathode and
said anode of sufficiont magnitude to accelerate
said beam to a veiocity in excess of that re-
quired to liberate secondary electrons at the
secondary emission second Cross-over of said
target, a pair of electrodes, one of which is be-
tween said anode and said target the other of
which is on the opposite side of said suspension
from said target, means connected between said
anode and said pair of electrodes to periodically
and substantially instantaneously change the
potential on said electrodes from the potential
of said anode to a potential differing from that
of said anode by an amount less than the dif-
ference in potential between said electron source
and the secondary emission second cross-over of
said target, means to vary the intensity of said

.beam, and means to scan said beam over said

target synchronously with the periodic change of
potential on said electrodes to vary the light
transmitting properties of said suspension in ac-
cordance with the intensity of said beam.

5. In a system for television reception, a sub-
stantially constant intensity light source, a light
receiving screen opposite said source, a cathode
ray tube having an electrically polarizing light
absorbing medium in the path of light from said
source to said screen, said medium being adapted
to transmit light when subjected to an electro-
static charge field, means including an electron
source, an anode maintained positive with re-
spect to said source to develop an electron beam,
means to sweep said beam in line and frame se-
quence over an area adjacent said medium ‘and
a pair of electrically connected electrodes, one
of said electrodes positioned on either side of
said medium to subject said medium to a suc-
cession of electrostatic charge fields correspond-
ing in charge distribution to the light and shade
of elemental areas of an optical image, an elec-
trical circuit including electrical switching .
means connected between said electrodes and
said anode to.alternately connect said electrodes
and said anode together and then during inter-
vening alternate connections to connect said
electrodes to a source of constant potential of
different magnitude with respect to said anode
and means to operate said switching means syn-
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chronously” with and following each complete
frame scanning sequence.

6. In a system for television reception, a sub-
stantially constant source of light, a light re-
ceiving viewing screen exposed to said source, g
cathode ray tube having a mica target between
said source and-said screen, a container joined
to said tube, said container having a light trans.
mitting window opposite and in alignment with
said mica target, a suspension. of light absorbing
particles in a liquid carrier in said container and
. between said target and said window, means
within said tube to generste an electron beam,
means to vary the intensity of said beam, an
anode connected to a source of potential suf-
ficient to accelerate said beam to a volt velocity
considerably in excess of the secondary emission
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second cross-over of said target, means to scan
said beam over said target in vertical and hori-
zontal directions, the period of vertical scanning
being cf longer duration than the period of hori-
zontal scanning, an electrode exposed to said
beam and another electrode on the opposite side
of said suspension, electrical switching means
to connect said electrodes to said anode during
alternate periods of vertical scanning, and means
to maintain a constant difference of potential
between said electrodes and said anode during
the intervening periods of vertical scanning to
vary the light transmitting properties of said
Suspension in accordance with the intensity of
said beam.
' TN S. DONAL, Jr.



