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THERMAL CONVECTION FLOW LIGHT VALVE 

This is a continuation of application Ser. No. 
l29,873, filed Mar. 3l, l97l, and now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to light valves of the type in 
cluding a cell containing a fluid capable of being acted 
upon by an electric or magnetic field, or both, to 
change the transmission of light through ?uid. 
The invention is particularly applicable to light valves 

utilizing a ?uid suspension of minute particles dis 
persed therein. Light valves of this type have been 
known for many years. Fluid suspensions of herapathite 
in a suitable liquid have commonly been preferred, al 
though other types of particles have been suggested. In 
general, the shape of the particles is such that in one 
relative arrangement they intercept more light than in 
another relative arrangement. Particles which are nee 
dle-shaped, rod-shaped, lath-shaped or in the form of 
thin flakes have been suggested. The particles may vari 
ously be light absorbing or light re?ecting, polarizing, 
birefringent, metallic or non-metallic, etc. In addition 
to herapathite, many other materials have been sug 
gested such as graphite, mica, garnet red, ‘aluminum, 
periodides of alkaloid sulphate salts, etc. Preferably di 
chroic, birefringent or polarizing crystals are em 
ployed. 
Very finely-divided or minute particles are em 

ployed, and are suspended in a liquid in which the par 
ticles are not soluble, and which is of suitable viscosity. 
In order to help stabilize the suspension when in the 
non-actuated state, a protective colloid should prefera 
bly be used to prevent agglomeration or settling. 
A ?uid suspension which has been used with success 

uses generally needle-shaped particles of herapathite, 
isopentyl acetate as the liquid suspending medium, and 
nitrocellulose as a protective colloid. Plasticizing 
agents such as dibutyl phthalate have also been used in 
the suspension to increase the viscosity. 
Both electric and magnetic ?elds have been sug 

gested for aligning the particles, although electric fields 
are more common. To apply an electric ?eld, conduc‘ 
tive area electrodes are provided on a pair of oppositely 
disposed walls of the cell, and an electric potential ap 
plied thereto. The electrodes may be thin transparent 
conductive coatings on the inner sides of the front and 
rear walls of the cell, thereby forming an ohmic type 
cell wherein the electrodes are in contact with the ?uid 
suspension. It has also been suggested to cover the elec 
trodes with a thin layer of transparent material such as 
glass in order to protect the electrodes. Such thin layers 
of glass form dielectric layers between the electrodes 
and the ?uid suspension, and the cells may be termed 
capacitive cells. Direct, alternating and pulsed voltages 
have been applied to the electrodes in order to align the 
particles in the ?uid suspension. When the voltage is 
removed, the particles return to a disoriented random 
condition due to Brownian movement. 
Commonly the front and rear walls of the cell are 

transparent, for example, panels of glass or plastic. 
With no applied ?eld, and random orientation of the 
particles. the cell has a low transmission to light and ac 
cordingly is in its closed condition. When a ?eld is ap 
plied, the particles become aligned and the cell is in its 
open or light transmitting condition. Instead of making 
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the rear wall transparent, it may be made re?ective. In 

2 
such case light-is absorbed when the cell is unenergized 
and is re?ected when the cell is energized. These prin 
cipal actions may be modi?ed by employing light re; 
'?ecting rather than light absorbing particles. It is also 
possible to select types of particles and applied ?elds 
such that application of a ?eld closes the cell and re 
moval of the field opens the cell. 

In such cells a serious problem is the agglomeration 
of the particles. While protective colloids are helpful in 
reducing or avoiding agglomeration in the stored or in 
active condition, when the cell is in use the tendency 
to agglomerate increases. Depending on the particular 
suspension employed, and the voltage and frequency 
used, agglomeration may become noticeable in a mat 
ter of seconds, minutes or hours of use. Once agglomer 
ation has occurred, it tends to remain more or less per 
manently even though the exciting voltage is removed. 
Such agglomeration considerably impairs the useful 

ness of the light valve since it creates inhomogeneities 
in the suspension and hence changes the light transmis 
sion from point to point. Also it reduces the ratio of op 
tical density between the closed state and the open 
state. Further, the density in the closed state may de 
crease. - 

The possible setting of particles out of the ?uid sus 
pension has previously been recognized. In this connec 
tion it has been suggested to furnish a constantly re 
newed supply of particles to the suspension, or to stir 
up and redistribute settled particles, or to cause a slight 
current or ?ow of particles within the container so as 
to assure a constant suspension. While such expedients 
may help to avoid settling, agglomeration may still 
occur during use. Also, the turbulence involved may 
appreciably affect the performance of the cell. 

In copending application Ser. No. 25,542, ?led Apr. 
1, 1970 by Matthew Forlini for “Light Valves with 
High Frequency Excitation," the use of frequencies 
higher than heretofore proposed is described, in order 
to avoid agglomeration of the particles in the suspen 
sion. While effective, the use of high frequencies in 
volves considerable power consumption in the high fre 
quency power source, and the power source may be 
quite expensive. 

In copending application Ser. No. 174,494 ?led Aug. 
24, l97l and now US. Pat. No. 3,708,2l9 by Matthew 
Forlini et al. for “Light Valve with Flowing Fluid Sus 
pension" a circulating system is described for produc 
ing a ?ow of ?uid suspension through the cell during 
operation thereof to reduce or avoid agglomeration of 
the particles. Various means are described for produc 
ing a smooth generally laminar ?ow of the ?uid suspen 
sion in the active region of the cell. Mechanical pumps 
are particularly described. ‘While effective, the pumps 
may be relatively costly, bulky, heavy and somewhat 
noisy, and may produce undesirable mechanical vibra 
tions in the cell. Also substantial power may be re 
quired to drive the pump. 
The present invention is directed to producing a ?ow 

of the ?uid suspension by less expensive, less bulky and 
lighter means which is completely free of vibration and 
noise and requires a relatively small amount of power 
for operation. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, thermal 
convection ?ow of the ?uid or ?uid suspension through 
the cell is produced. To this end, ?uid conduit means 



3 
connects substantially opposite edge portions of the 
cell and the conduit means and cell are arranged so that 
the conduit means or cell, or both, have a portion 
thereof extending in a vertical direction, or in a direc 
tion having a substantial vertical component sufficient 
to yield the desired thermal convection ?ow. Means are 
provided for producing thermal gradient in the ?uid in 
the portion having a substantial vertical component to 
produce a thermal convection ?ow of the ?uid through 
the cell. 

Preferably the spacings of the walls of the cell at the 
opposite edge portions connected by the conduit 
means are substantially greater than the spacing of the 
wall sections in the active region of the cell so as to 
form channels promoting a smooth generally laminar 
?ow in the active region. 

In certain embodiments of the invention both the cell 
and the conduit means extend vertically, or in a direc 
tion having a substantial vertical component, and the 
conduit means connects channels at the upper and 
lower edges of the active cell region. A differential tem 
perature is produced between at least a portion of the 
?uid suspension in the cell and at least a portion of the 
?uid suspension in the conduit means, thereby produc 
ing a thermal gradient in the vertical direction which 
causes a thermal convection flow of the ?uid suspen 
sion through the cell. The conduit means may be one 
or more conduits positioned exteriorly of the cell, or 
may be built integrally with the cell structure so as to 
extend upwardly on one or both sides of the active cell 
region and separated therefrom by barrier walls. The 
differential temperature may be produced by applying 
heat to the conduit means. Or, heat may be applied to 
a laterally extending region of the cell, preferably 
below the active region thereof. 

In other embodiments of the invention, the cell, con 
duit means and heating are arranged so that ?uid ?ow 
in the active area of thecell is generally horizontal, al 
though still produced by thermal convection. This is 
advantageous in the case of long narrow vertical cell 
panels where the long dimension is horizontal, and also 
permits the cell panels to be oriented in a horizontal 
plane. 
Broadly, in these other embodiments the cell and at 

least a portion of the conduit means are located at dif 
ferent vertical levels, and heat is applied at a suitable 
region to produce a thermal convection .?ow. As specif 
ically illustrated, the channels connected by the con 
duit means are at opposite horizontally-separated edges 
of the active cell region, and heat is applied to an up 
wardly-extending portion of the conduit means, or in a 
channel connected to such an upwardly-extending por 
tion. 

Electric heating coils, resistive coatings, heating 
wires or ribbons, etc. may be employed, energized with 
A-C or D-C from a suitable power source. Other 
sources of heat (or cold) may also be employed, if de 
sired, as will be mentioned hereinafter. Control of the 
heating is desirable in order to permit obtaining the 
maximum rate of ?ow without an excessive tempera 
ture rise which might degrade the suspension. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a light valve using an 
external conduit with an electric heater associated 

therewith; 
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FIG. 2 is a face view of the arrangement of FIG. I, 

with portions broken away; 
FIG. 3 is a cross-section taken along the line 3-3 of 

FIG. 2; _ 

FIG. 4 is a face view of another embodiment of the 
invention, with portions broken away, using an internal 
conduit with a heating strip along the bottom of the 
cell; 

FIG. 5 is a cross-section taken along the line 5-5 of 
FIG. 4; 

FIG. 6 shows another embodiment of the invention, 
with portions broken away, using internal conduits with 
heating means located therein; 
FIG. 7 is a horizontal cross-section taken along line 

7-7 of FIG. 6; 
FIG. 8 shows an alternative structure to that shown 

in FIG. 7; 
FIG. 9 illustrates a light valve with external conduit 

mounted in the wall of a building; 
FIG. 10 is a cross-section taken along the line 10-10 

of FIG. 9; . 
FIG. 11 illustrates an embodiment of the invention in 

which ?uid ?ow in the cell is horizontal rather than ver 
tical, and FIG. 12 is a cross-sectional along the line 
12-12 of FIG. 11; and 
FIGS. 13-17 illustrate several different conduit and 

cell arrangements for horizontal ?uid ?ow. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

Referring to FIGS. l-3, a light valve generally indi 
cated as 10 is formed of two sheets 11 and 12 of trans 
parent material such as glass, plastic, etc. Transparent 
conductive coatings 13 and 14 are formed on the inner 
surfaces of sheets 11 and 12 to form parallel area elec 
trodes in the desired active area of the valve. As shown, 
the electrodes are in contact with the ?uid suspension, 
thereby forming an ohmic type cell. If desired they 
could be covered with a thin layer of transparent mate 
rial such as glass to form a capacitive type cell. 

In the region between coatings 13 and 14, the front 
and rear walls are spaced apart a distance which is 
small compared to the lateral dimensions of the wall 
sections so as to con?ne the ?uid suspension therebe 
tween to a layer. Spacings of the order of ID to 25 mils 
are advantageously employed, although spacings out 

. side this range may be used if desired. 
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The spacings between the front and rear walls at the 
upper and lower portions of the cell are substantially 
greater than the spacing of the wall sections in the re 
gion of the layer, as shown at 15 and 16 in FIG. 3, and 
may be of the order of one-half inch, for example. 
These relative dimensions are impractical to show in 
the drawings. The transparent sheets are separated by 
thin spacers on each side of the cell, one of which is 
shown at 17 in FIG. 1, and by thicker spacers at the top 
and bottom, shown at 18 and 19. The spacers may be 
of sealing material or cemented to the transparent 
sheets, etc. to produce a completely sealed ?uid-tight 
enclosure for the ?uid suspension. The upper and lower 
regions 15 and 16 of the cell are connected by a con 
duit 21. Spacers and sealing materials are desirably 
inert to the suspension. For example, spacers such asv 
glass, or a plastic such as polyethylene, polypropylene 
or epoxy-?lled ?berglass, may be employed. 
The entire cell and conduit are ?lled with a suitable 

?uid suspension of minute particles dispersed therein 
capable of orientation by an electric ?eld applied be 
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tween area electrodes 13 and 14. To avoid confusion, 
the fluid suspension is not specifically shown in the 
drawings, but arrows indicate the thermal convection 
?ow thereof as will be described below. 
Heating means are provided for heating the ?uid sus 

pension in the conduit 21 and here takes the form of an 
electric heating coil 22 enclosed in the heating insulat 
ing casing 23. Advantageously the turns of the coil are 
closely spaced to avoid local hot and cool sections. The 
heating coil may be energized in any suitable manner, 
either with A-C or D-C, as desired. In FIG. 1, a plug 24 
is adapted to be connected to the power mains and a 
switch 25 and variable resistor 26 are inserted in series 
with the coil to control the energization thereof. 
When heat is applied by coil 22, the heating of the 

?uid suspension causes a thermal convection ?ow of 
the ?uid suspension as indicated by the arrows in FIGS. 
2 and 3. As the ?uid suspension is heated by coil 22, it 
expands and its speci?c gravity decreases. Accordingly, 
the heated suspension rises in conduit 21, thereby forc 
ing the suspension above it upward and into the chan 
ml 15 at the top of the cell and drawing the suspension 
from the channel 16 at the bottom of the cell into the 
lower portion of the conduit 21. This causes a down 
wardly ?ow of the suspension in the thin layer between 
electrodes 13,14. The suspension gradually cools as it 
circulates until it again reaches the heating region of 
coil 22, so that a differential temperature is maintained 
between the suspension in the heating zone of the con 
duit and that in the cell. Thus a continuous thermal 
convection ?ow is produced. 
By making the upper and lower regions 15 and 16 of 

substantially greater spacing than that between elec 
trodes 13,14, the resistance to ?uid ?ow in 15 and 16 
can be made much less than that between the elec 
trodes. Thus the ?ow in the layer between the elec 
trodes is smooth and substantially laminar, rather than 
turbulent, so that the ?ow does not interfere with 
proper operation of the light valve. 
The area electrodes 13 and 14 are energized in any 

desired manner from a source generally indicated as 

27, in order to vary the light transmission of the cell. 
Inasmuch as the fluid suspension in regions 15,16 is 

not in the active region of light control, these regions 
may be made opaque by suitable coatings, framing, etc. 
The heating coil 22 is shown approximately at the 

middle of conduit 21, which is considered preferable. 
However it can be positioned higher or lower if desired. 
By adjusting resistor 26, the heating can be controlled 
to yield a suitable convection flow without raising the 
temperature of the ?uid suspension to a degree which 
will degrade the suspension. The conduit 21 is advanta 
geously of metal having good heat conductivity to pro 
mote more efficient and rapid thermal convection flow, 
although other materials could be used if desired. For 
example, if heating means is provided inside the con 
duit, it may be advantageous to form the conduit of 
heat insulating material. 
Referring to FIGS. 4 and 5, an internal conduit 31 is 

formed on one side of the cell by a barrier wall 32 of 
heat-insulating material. The barrier wall is sealed to 
the front and rear walls of the cell and‘ is spaced from 
the corresponding side 33 of the cell. It is also spaced 
from the top and bottom of the cell to form a closed 
path for the circulation of the ?uid suspension. The 
spacing of the walls at the upper and lower portions 15 
and 16 of the cell is greater than that between the area 
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6 
electrodes, as in the previous embodiment, and the 
spacing at conduit 31 is also greater so as to reduce re 
sistance to ?uid ?ow therein. ' 

In this embodiment the heating of the ?uid suspen 
sion is along the bottom of the cell, rather than in the 
conduit. To this end laterally-extending electrical resis 
tive coatings 34 and 35 are formed on the inner sur 
faces of the cell walls and spaced from the area elec 
trodes 13 and 14 as indicated at 36 and 37 so as to be 

insulated therefrom. The resistive coatings 34,35 are 
supplied with heating current from a suitable source 39 
under the control of switch 25 and rheostat 26. If de 
sired, a resistive coating on only one cell wall could be 
employed. These resistive coatings need not be trans 
parent, since they are below the active region of light 
transmission control. 
Inasmuch as heat is applied below the active cell re 

gion in this embodiment, the ?uid suspension will rise 
by thermal convection as indicated by arrows 41, and 
will return downward through conduit 31, as indicated 
by arrows 42. The suspension will gradually cool as it 
circulates until it again reaches the heating zone. 

Instead of using a resistive coating on the inner walls 
of the cell, electrical strip heaters may be employed. If 
necessary, the heating coating or elements may be cov 
ered with a thin layer of insulating material such as a 
thin layer of glass so as to insulate the heating element 
from the ?uid suspension and the electrodes 13, 14. Al 
ternatively, a heating wire or wires may be embedded 
in the glass sheet or sheets, or wrapped around the bot 
tom of the cell. 
The embodiment of FIG. 4 with an internal conduit 

31 is more compact than that of FIG. 1 and hence ad 
vantageous for many applications. If desired, however, 
an external conduit may be used as in FIG. 1, thereby 
promoting more rapid cooling of the suspension out 
side the heating region 34, 35. 

It is possible that in some instances coatings 34, 35 
could be made conductive and the power source con 
nected between them to heat the lower region of the 
suspension by current flow therethrough. This is not 
preferred at the present time since the suspensions 
commonly employed are of high resistance even in thin 
layers and sufficient heating would be difficult to ob 
tain. ~ 

The light transmission of the valve is controlled by 
source 27, as in the previous embodiment. The connec 
tions from source 27 to the area electrodes 13 and 14 
are shown conventionally as wire leads 28, 29. In prac 
tice, conductive coatings may be formed on the inner 
surfaces of the front and rear sheets and brought out to 
the edgegof the cell, so as not to interfere with ?uid ?ow 
in conduit 31. Regions 15, 16 and those of coatings 34, 
35 and conduit 31 may be made opaque if desired, 
since they are outside the region of light control. 

Referring to FIGS. 6 and 7, internal conduits 51 and 
'52 are provided on each side of the cell by barrier walls 
53 and 54, and heating wires 55 and 56 are mounted 
vertically therein by’ insulating plugs 57. The heating 
wires are energized in any suitable manner as indicated 
by power source 58. Suitable current control may be 
employed as described in connection with previous em— 
bodiments. The ?uid suspension will rise by convection 
in both conduits 51 and 52, and flow downwards be 
tween the area electrodes. 

In this embodiment, instead of sealing the glass walls 
together around their peripheries, a U-shaped metal 
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frame 61 is employed, e.g., of stainless steel. As indi 
cated in FIG. 7, the barrier walls 53, 54 establish the 
desired separation of the glass walls between area elec 
trodes 13 and 14. The metal frame 61 is then sealed to 
the exterior surfaces of the walls by a suitable adhesive. 
Insulated coatings extending vertically on the walls of 
conduits 51, 52 could be used in place of resistance 
wires 55, 56, if desired. 

FIG. 8 shows an alternative arrangement in which 
one glass wall extends beyond the other and an L 
shaped metal frame 62 is employed which is sealed to 
the glass walls. 
A metal frame of'the type shown in FIGS. 6-8 could 

also be employed in the previous embodiments if de 
sired, and in general would promote cooling of the sus 
pension outside the heating region. 
FIGS. 9 and 10 show an arrangement of the type of 

FIGS. 1-3, but with the heating coil 22 and insulating 
casing 23 omitted, mounted as a window in the wall of 
a building so that a differential temperature between 
cell and conduit is established without requiring a spe 
cific heat source. Here the cell is mounted in an open 
ing in the wall 65 with the conduit 21’ extending inside 
the building. As speci?cally shown, the conduit 21' is 
connected at the top and bottom edges of the cell 
rather than at the top and bottom of a side edge, but 
still serves to connect channels 15 and 16. Connection 
to the side edge as in FIGS. 1-3 would be possible pro 
vided the adjacent room wall 65 is cut away so that the 
conduit 21' is still exposed to the inside temperature. 
When the outside temperature is lower than the in 

side, the ?uid suspension in conduit 21' will be at a 
higher temperature than that in the cell, and thermal 
convection ?ow will occur as desired in connection 
with FIGS. l—3. When the outside temperature is 
higher, thermal convection ?ow will be in the opposite 
direction. If necessary, additional thermal insulation 
can be placed between conduit 21' and wall 65. 

It is possible, of course, for the outside and inside 
temperatures to be the same. However, a temperature 
differential may still be present due to the difference in 
radiation impinging on the cell and conduit, from sun 
light for example, and wind may disturb the thermal 
equilibrium. Although the temperature differential in 
FIG. 9 is less positive than in the other embodiments, 
and convection ?ow may sometimes be less strong, the 
embodiment has the advantages of simplicity and lower 
cost and requires no source of electric power. 
The embodiments of FIGS. 4 and 6 could also be 

used in‘ the wall arrangement of FIG. 9, and the specific 
heating means eliminated. In such case the internal 
conduits can be mounted in the wall so as to be insu 
lated on the outside but exposed on the inside to room 

temperature. . 

It is possible also to arrange the conduits so as to be 
exposed to the outside temperature, since the cell walls 
will be thermally exposed to both outside and inside 
temperatures and hence the ?uid suspension in the ac 
tive cell region will be at an intermediate temperature. 

In the preceding embodiments the cells are assumed 
to extend in a vertical direction, or at least in a direc 
tion having a substantial vertical component, and the 
?ow of the fluid suspension in the active cell region is 
generally upward or downward. In subsequent embodi 
ments, ?uid ?ow in the cell is generally horizontal. 
FIGS. 11 and 12 show the cell-10 disposed in a verti 

cal plane, with channels 71 and 72 located at the side 
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8 
edges of the active cell region between area electrodes 
13 and 14 so that the channels are horizontally sepa 
rated. The cell construction is otherwise like that 
shown in FIGS. 1-3 and need not be described in detail. 
Energization of the electrodes is omitted for simplicity. 
Conduit 70 has a horizontal portion 73 and vertical 
portions 74, 75 connecting channels 71 and 72. A heat 
source is arranged to heat the ?uid suspension in one 
of the vertical portions 74, 75 here shown as an electri 
cal heating coil 76. The coil would normally be heat in 
sulated as illustrated in FIG. 2, but is shown only dia 
grammatically for simplicity of illustration. 
With heat applied, the ?uid suspension rises in con 

duit section 74 and flows through the conduit, as shown 
by arrow 77, to channel 72 and thence through the ac 
tive cell region between electrodes 13,14 to channel 71 
and back to conduit section 74. Since the layer be 
tween area electrodes 13, 14 is very thin compared to 
the corresponding dimensions of channels 72 and 71, 
the fluid ?ow across the cell is generally laminar. 

In subsequent embodiments the active cell region be 
tween area electrodes 13, 14 is indicated by dash lines, 
and channels 71, 72 are denoted CH. 
FIG. 13 is similar to FIG. 11 except that the cell 10 

is located at a higher vertical level than the conduit 70, 
and channels CH are tapered to join with the conduit. 
The tapered con?guration could be used in FIG. 11, or 
the ends of the conduit could be connected to the bot 
tomtof channels CH in FIG. 11. 

In both the arrangements of FIGS. 11 and 13, the cell 
10 could be disposed in a horizontal plane with conduit 
70 above or below the cell, suitable bends being intro 
duced in the conduit so that the portion thereof at 
which heat is applied extends vertically, or in a direc 
tion having a substantial vertical component. Fluid ?ow 
will still be in the direction indicated by the arrows. 
FIG. 14 is similar to FIG. 11, but here a resistance 

heating element 78 is positioned in the outlet channel 
71' to heat the ?uid suspension. Advantageously a bar 
rier wall 79 is positioned in channel 71’ between the 
heating element 78 and the adjacent edge 81 of the thin 
layer of ?uid suspension between the area electrodes, 
so as to avoid local circulation currents near edge 81. 
Barrier wall 79 extends from the upper toward the 
lower edge of the cell and is spaced from the lower 
edge to allow ?ow of the ?uid suspension thereby as in 
dicated by arrow 82. 
FIG. 15 is similar to FIG. 11, except that the conduit 

is connected to the outlet channel at the bottom 
thereof, rather than the top. v ‘ 

FIG. 16 shows the conduit connected to lateral edges 
of the channels CH, theconnection'to the inlet channel 
being near the bottom thereof and the connection to 
the outlet channel being near the top thereof. 
FIG. 17 is similar to FIG. 13, but here cell 10 is dis 

posed in a horizontal plane, or generally horizontally, 
thereby enabling it to be used in the roof of a vehicle, 
as a skylight, in a greenhouse, etc. where light control 
is desired. The conduit sections 74", 75" are bent lat 
erally so that the connecting portion (not shown) will 
not block the beam of light through the cell. 
The speci?c embodiments show rectangular cells 

which are likely to satisfy a wide variety of applications. 
However the cell shape may be different if desired, 
such as round, square, tapered, etc. Also, cells could be 
arranged in series or parallel with a single recirculating 
conduit and heat source. In the series arrangement one 
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cell would form part of the conduit means for the other 
cell. 
The speci?c heat sources in the embodiments of 

FIGS. 1-8 are electrical in nature and are generally 
convenient to use. However, radiant heat sources de 
signed to concentrate heat in the desired regions could 
be employed if desired, or other suitable means for ap 
plying heat to the proper regions. Also, instead of using 
a source of heat to produce a temperature difference, 
it would be possible to use a cooling or refrigerating 
source, although such sources are commonly more ex 

pensive and bulky at the present time. 
Although the light valves described are commonly 

used with visible light sources, with suitable suspen 
sions it may be possible to control the passage of other 
types of electromagnetic radiation such as infrared and 
ultraviolet light. Also, instead of using continuous area 
electrodes within the active region of the cell, the elec 
trodes may be formed in patterns so as to exhibit a de 
sired display. Further, instead of allowing light to pass 
through the cell from front to rear, the rear surface may 
be made re?ective so as to provide a mirror of variable 
re?ectivity. It will be understood that the term “light 
valve" applies to these various types of applications. 
The invention has been described in connection with 

a number of embodiments thereof, and certain varia 
tions have been mentioned. it will be understood that 
other modifications are possible within the spirit and 
scope of the invention as defined in the claims. 
We claim: 
1. A light valve including a cell for containing a ?uid 

capable of being acted upon by an electric or magnetic 
field, or both, to change the transmission of light 
through the ?uid, said cell having spaced wall sections, 
and means for applying a respective electric or mag 
netic ?eld, or both, to the ?uid between said spaced 
wall sections to change the light transmission thereof, 
in which the improvement comprises conduit means for 
connecting substantially opposite edge portions of said 
cell, at least one of said conduit means and cell having 
a portion thereof extending in a direction having a sub 
stantial vertical component, and means for producing 
a thermal gradient in the ?uid in said portion having a 
substantial vertical component to produce a ?ow of the 
?uid through said cell. 

2. A light valve including a cell containing a ?uid sus 
pension of minute particles dispersed therein capable 
of being acted upon by an electric field to change the 
transmission of light through the suspension, said cell 
having wall sections spaced apart a distance which is 
small compared to the lateral dimensions of the sec 
tions to confine the ?uid suspension therebetween to a 
layer, and area electrodes on opposite sides of said 
layer for producing an electric ?eld through the layer 
to change the light transmission thereof, in which the 
improvement comprises conduit means for connecting 
substantially opposite edge portions of said cell, at least 
one of said conduit means and cell having a portion 
thereof extending in a direction having a substantial 
vertical component, and means for producing a ther 
mal gradient in the ?uid suspension in said portion hav 
ing a substantial vertical component to produce a ?ow 
of the ?uid suspension in said layer. 

3. A light valve according to claim 2 in which the 
spacings of the walls of said cell at said opposite edge 
portions connected by said conduit means are substan 
tially greater than the spacing of the wall sections in the 

20 

25 

35 

45 

50 

55 

60 

65 

10 
region of said layer, thereby forming channels at oppo 
site edges of said layer. 

4. A light valve according to claim 3 in which a por 
tion of said conduit means extends in a direction having 
a substantial vertical component, said means for pro 
ducing a thermal gradient in the ?uid suspension in 
cluding heating means operatively associated with said 
portion of the conduit means for heating the ?uid sus 
pension therein. 

5.' A light valve according to claim 3 in which said 
cell extends in a direction having a substantial vertical 
component and said channels are at upper and lower 
edges of said layer, and including heating means for 
heating a region of said cell extending laterally of the 
cell near the bottom thereof to produce said tempera 
ture gradient. 

6. A light valve according to claim 3 in which said 
cell extends in a direction having a substantial vertical 
component and said channels are at upper and lower 
edges of said layer, and including means for subjecting 
at least a portion of the ?uid suspension in said layer 
and at least a portion of said conduit means to different 
ambient temperatures to thereby produce said temper 
ature gradient. ' 

7. A light valve according to claim 3 in which said 
cell extends in a direction having a substantial vertical 
component, said channels are at upper and lower edges 
of said layer, and said conduit means is a conduit of 
heat-transmitting material positioned exteriorly of said 
cell and connecting said channels, and means for sub 
jecting at least a portion of said cell and at least a por 
tion of said conduit to different ambient temperatures 
to thereby produce said temperature gradient. 

8. A light valve according to claim 3 in which said 
cell extends in a direction having a substantial vertical 
component and said channels are at upper and lower 
edges of said layer, said conduit means comprising a 
barrier wall between the walls of said cell on one side 
of the region of said layer, said barrier wall being 
spaced from the corresponding side of the cell and 
spaced from the top and bottom of the cell to form a 
conduit between said upper and lower channels of the 
cell, the spacing of the walls of the cell between said 
barrier wall and the corresponding side of the cell being 
substantially greater than the spacing of the wall sec 
tions in the region of said layer. 

9. A light valve according to claim 8 in which said 
means for producing a temperature gradient comprises 
electric heating means for heating the ?uid suspension 
in said conduit. ‘ 

10. A light valve according to claim 8 in which said 
means for producing a temperature gradient comprises 
electric heating means extending laterally of said cell 
below said area electrodes. 

11. A light valve according to claim l0 in which said 
electric heating means comprises an electrical resistive 
coating on the inner surface of at least one of the walls 
of the cell below the area electrode on the respective 
wall and insulated therefrom. 

12. A light valve according to claim 3 in which said 
cell extends in a direction having a substantial vertical 
component and said channels are at upper and lower 
edges of said layer, said conduit means comprising a 
pair of barrier walls between the walls of said cell on 
respectively opposite sides of the region of said layer, 
said barrier walls being spaced from the respective 
sides of the cell and spaced from the top and bottom of 
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the cell to form a pair of conduits between said upper 
and lower channels of the cell, the spacing of the walls 
of the cell between said barrier walls and the respective 
sides of the cell being substantially greater than the 
spacing of the wall sections in the region of said layer. 

13. A light valve according to claim 12 in which said 
means for producing a temperature gradient comprises 
electric heating means for heating the ?uid suspension 
in each of said conduits. 

14. A light valve according to claim 3 in which said 
cell and at least a portion of said conduit means are at 
different vertical levels with a portion of the conduit 
means extending in a direction having a substantial ver 
tical component, and said channels are at horizontally 
separated edges of said layer. 

15. A light valve according to claim 14 in which said 
means for producing a thermal gradient includes heat 
ing means operatively associated with said portion of 
the conduit having a substantial vertical component. 

16. A light valve according to claim 14 in which said 
cell is at a lower vertical level than a portion of said 
conduit means, and said means for producing a thermal 
gradient includes heating means operatively associated 
with one of said channels for heating the ?uid suspen 
sion therein. 

17. A light valve according to claim 16 in which said 
heating means comprises an electrical heating element 
in said one channel, and including a barrier wall in said 
one channel positioned between said heating element 
and the adjacent edge of said layer and spaced from the 
adjacent edge of the layer, one end of said barrier wall 
being spaced from the adjacent edge of ‘the cell to allow 
?ow of the fluid suspension thereby. , 

18. A light valve according to claim, 15 in which said 
cell is disposed generally horizontally and said ?ow of 
the ?uid suspension in said layer is in a generally hori 
zontal direction. 

19. A light valve including a cell for containing a ?uid 
capable of being acted upon by an electric or magnetic 
?eld, or both, to change the transmission of light 
through the ?uid, said cell having spaced wall sections 
and means for applying a respective electric or mag 
netic ?eld, or both, to the fluid between said spaced 

12 
wall sections to change the light transmission thereof, 
in which the improvement comprises means for pro 
ducing a thermal gradient in the ?uid to produce a ?ow 
of the ?uid through said cell when said ?uid is being 
acted upon by said electric or magnetic ?eld or both. 

20. The light valve of claim 19 wherein the ?uid is a 
?uid suspension. 

21. A light valve including a cell for containing a ?uid 
capable of being acted upon by an electric or magnetic 
field, or both, to change the transmission of light 
through the ?uid, said cell having spaced wall sections 
and means for applying a respective electric or mag 
netic ?eld, or both, to the ?uid between said spaced 
wall sections to change the light transmission thereof, 
in which the improvement comprises means for pro 
ducing a thermal gradient in the ?uid to produce a ?ow 
of the ?uid through said cell in a defined path to pre 

‘ vent signi?cant agglomeration in the ?uid. 
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22. The light valve of claim 21 wherein the ?uid is a 

?uid suspension. 
23. The method of preventing signi?cant agglomera 

tion in a ?uid suspension in a light valve wherein the 
light valve includes a cell for containing the ?uid sus 
pension which is capable of being acted upon by an 
electric or magnetic ?eld, or both, to change the trans 
mission of light through the ?uid suspension compris 
ing the steps of producing a thermal gradient in the 
?uid suspension when said ?uid suspenson is being 
acted upon by the electric or magnetic ?eld or both and 
causing a ?ow of the ?uid suspension through the cell 
by means of the thermal gradient. 

24. The method of preventing signi?cant agglomera 
tion in a ?uid suspension in a light valve wherein the 
light valve includes a cell for containing the ?uid sus 
pension which is capable of bring acted upon by an 
electric or magnetic ?eld, or both, to change the trans 
mission of light through the ?uid suspension compris— 
ing the steps of producing a thermal gradient in the 
?uid suspension and causing a ?ow of the ?uid suspen 
sion through the cell in a de?ned path by means of the 
thermal gradient. 

3: * * 1a * 
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