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1. 

LIGHT CONTROL DEVICE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a light control device 
employing a magnetic colloidal fluid and magnetic field 
generating means. 

DESCRIPTION OF THE PRIOR ART 

Optical shutters which are not based on the use of 
conventional mechanical means have been proposed, 
in which a substance that utilizes the so-called polariza 
tion phenomenon of light according to the Kerr effect 
or the Faraday effect, i.e., the double refraction phe 
nomenon of light or the rotation of the vibration plane 
of a linearly polarized light caused by the application 
of a strong electric field or magnetic field to a dielectric 
material, and polarizers for producing linearly polar 
ized light are arranged in the form of sandwich and an 
external electric field or magnetic field is applied to the 
dielectric substance to vary the rotary polarized light 
and thereby to control the transmission of the light, or 
alternately an organic substance, e.g., a so-called liquid 
crystal plate of particularly the nematic type is used so 
that the molecular orientation of the substance is dis 
turbed by the imposition of an external electric field to 
effect the double refraction of the light and thereby to 
control the transmission of the light. 
A disadvantage of the former which is based on the 

use of the dielectric substance and the rotary polarized 
light is that since the operating principle of the device 
requires the polarizers for producing linearly polarized 
light be placed respectively on the front and back sides 
of the device, the incident light is inevitably decreased 
considerably as it passes through the polarizers. Partic 
ularly, if the device is incorporated for example in pho 
tographic cameras which are subject to constant efforts 
to use as bright a lens system as possible to ensure an 
increased incident light, such a loss in the incident light . 
is a serious problem. Further, the means for generating 
the required electric field or magnetic field generally 
tends to become bulky and elaborate and therefore the 
device cannot lend itself for use in conjunction with ap 
paratus intended to be carried on a person. 
On the other hand, a disadvantage of optical control 

devices of the latter type employing the liquid crystal 
line phenomenon of the nematic type is that since the 
liquid crystal is normally transparent to light, that is, it 
is rendered opaque by the imposition of an electric 
field, if it is used for example as a shutter for photo 
graphic cameras, the electric field must be normally ap 
plied to the liquid crystal plate to meet the requirement 
that the passage of light be normally intercepted, thus 
requiring considerable power consumption and making 
practical use of the device impossible. 

In addition, the use of either one of these photoelec 
tric phenomena has a drawback in that since the resul 
tant device is based on the use of the polarization phe 
nomenon of light, there is a relationship between the 
incident light and the transmitted light which depends 
on the wavelength of light; that is, the operating princi 
ple is such that it is impossible to completely intercept 
the light and at the same time to provide it with a flat 
transmission characteristic which has no dependency 
on the wavelength for transmission. 
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SUMMARY OF THE INVENTION 

It is the object of the present invention to provide an 
entirely novel light control device which overcomes the 
above-mentioned deficiency and in which a magnetic 
colloidal fluid is suspended in a medium which is trans 
parent to light, whereby the position of the magnetic 
fluid is controlled in accordance with the strength of a 
magnetic field. 

In accordance with the present invention, there is 
thus provided a light control device which is not subject 
to any mechanical restrictions such as those which are 
due to the shutter speed and which is capable of per 
forming very high-speed opening and closing opera 
tions. 

DESCRIPTION OF THE DRAWING 

Flg. 1 is a schematic diagram useful for explanining 
the principle of the present invention. 
FIG. 2 is a schematic view showing the construction 

of a light control device according to an embodiment 
of the present invention. 

FIG. 3A is a partial side view of the device shown in 
FIG. 2. 
FIG. 3B is a plan view of the device of FIG. 3A. 
FIG. 4A is a partial side view of another embodiment 

of the device according to the present invention. 
FIG. 4B is a plan view of the device of FIG. 4A. 
FIG. 5 is a schematic view showing the construction 

of still another embodiment of the present invention. 
FIG. 6 is a schematic view showing an exemplary dis 

tribution of the magnetic fluid used with the present in 
vention. 
FIG. 7A is a side view showing the construction of 

magnetic field generating means used in still another 
embodiment of the present invention. 
FIG. 7B is a plan view of the device of FIG. 7A. 
FIG. 8 is a schematic view showing the construction 

of still another embodiment of the present invention. 
FIG. 9 is a schematic diagram showing the construc 

tion of still another embodiment of the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Prior to the description of preferred embodiments of 
the present invention, the general description of mag 
netic fluid as for example disclosed in U.S. Pat. No. 
3,215,572 will be made hereunder. 
An activated magnetic material such as nickel, co 

balt, iron or any of various iron oxides is milled in a 
stainless steel ball mill to produce the activated mag 
netic material having a partical size between approxi 
mately 0.06 to 0.24 micron and the material is then 
mixed with oleic acid, heptane or the like to produce 
a colloidal solution in which the finely powdered mag 
netic material is properly distributed in the dispersion 
medium such as oleic acid. Thus, the resultant mag 
netic fluid is one in which the colloidal solution itself 
performs its function by the imposition of an external 
magnetic field. 

In a device wherein such a magnetic fluid is distrib 
uted, with a proper volume ratio, in a liquid base of a 
different kind such as water, glycerin or silicone oil 
transparent to light and contained in a hermetically 
sealed container, the magnetic fluid and the liquid base 
are not mixed together, but the magnetic fluid is sus 
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pended in the liquid base and therefore the operation 
of the magnetic fluid such as the movement and fixing 
of the magnetic fluid in the hermetically sealed con 
tainer can be readily effected at all times in accordance - 
with the application of an external magnetic field. 
FIG. 1 shows a schematic diagram for use in explain 

ing the base principle of the light control device ac 
cording to the present invention. A magnetic fluid 2 
and a liquid base 3 of a material transparent to light are 
sealed in a hermetically sealed transparent container 1 
so that when a magnetic flux 4 is applied in the manner 
shown in FIG. 1, the magnetic fluid 2 is gathered in the 
same shape as the transmitted flux 4. 

In this device, the material used to intercept the pas 
sage of light comprises an activated magnetic material 
such as nickel, cobalt or iron and therefore when the 
light is interrupted, the transmission of the light is com 
pletely shut off and moreover the transmission of light 
in the visible range has no dependency on the wave 
length. Thus, if the magnetic flux 4 is controlled to 
move and fix the magnetic fluid 2 in the transparent 
container 1, the function of a light control device such 
as a shutter can be accomplished. 

In FIG. 2 showing an exemplary embodiment of the 
above-described light control device according to the 
present invention, the present invention is applied to a 
shutter for a camera unit, for example. A light control 
element 7 comprising the previously described mag 
netic fluid, etc. is disposed in front of the film exposure 
section of an optically intercepted cartridge 5 for pho 
tographic film or the like. To normally intercept the 
passage of an incident light 12 through a lens 13, a per 
manent magnet 8 made for example of barium ferrite 
has its magnetic domains magnetized as shown at 9 and 
10 in FIG. 2 and it is disposed at the back of a light 
sensitive material 6 such as a photographic film so that 
the magnetic field produced by the magnetized do 
mains 9 and 10 is applied to the magnetic fluid of the 
light control element 7 and thus the magnetic fluid is 
gathered by the magnetic flux to intercept the passage 
of the light to the light-sensitive material 6 such as the 
film. 
This is shown in greater detail in the plan view of 

FIG. 3B. As will be seen from FIG. 3B, the permanent 
magnet 8 is magnetized so that the magnetic domains 
9 and 10 are magnetized horizontally and thus the re 
sultant magnetic flux spread horizontally. Conse 
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the electromagnet 14 to permit the transmission of the 
light to the light-sensitive material 6. 
Accordingly, with the switch 15 arranged so that the 

supply of energy from the DC power supply 16 is en 
abled only for a period of time required to permit the 
passage of light to the light-sensitive material, e.g., the 
film 6, the transmission of light can be controlled by the 
opening and closing of the switch 15. Thus, by incorpo 
rating the light control device of this invention in a 
camera unit, the function of a shutter having no me 
chanical elements can be provided. 
Against these advantages there is, however, a disad 

vantage due to the operating principle of the invention 
itself. That is, since the interception of the incident 
light is based on the use of the above-described means 
for indirectly fixing the magnetic fluid by means of the 
magnetic flux of the permanent magnet, etc., there is 
the danger that the application of a strong external me 
chanical shock or a strong external local magnetic field 
tends to momentarily expose the sensitive surface of a 
film 6 or the like to light. 
The foregoing difficulty is overcome by the embodi 

ment of this invention shown in FIG. 5. This embodi 
ment differs from the embodiment of FIG. 2 in that a 
simple light shielding plate 21 of the type having for ex 
ample a single vane is disposed in the path of the inci 
dent light. In this way, while the magnetic fluid is nor 
mally fixed by means of the permanent magnet, etc. to 
intercept the passage of the light, the light shielding 
plate 21 prevents any optical exposure due to the im 
pact of a shock on the magnetic fluid. When the shutter 
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quently, the magnetic fluid of the light control element 
7 placed in the path of the magnetic flux is fixed in the 
shape shown by the hatching. Therefore, by placing the 
light-sensitive material 6, e.g., a film in such a manner 
that it is completely covered by the magnetic fluid, the 
passage of the incident light to the light-sensitive mate 
rial 6 can be completely intercepted. 
To move the magnetic fluid from its fixed position so 

that the light falls on the light-sensitive material or the 
film 6, as shown in FIGS. 4A and 4B, an electromagnet 
14 is disposed around the permanent magnet 8 and an 
electromagnetic coil 17 is energized from a DC power 
supply 16 through a switch 15 to magnetize the electro 
magnet 14. As a result, each of the ends 18 and 19 of 
the electromagnet 14 produces a magnetic flux with the 
polarity shown. Accordingly, if sufficient energy is Sup 
plied from the power supply 16 so that the magnetic 
flux of the electromagnet 14 cancels that of the perma 
nent magnet 8, the magnetic flux of the light control el 
ement 7 can be moved to the north and south poles of 
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button for example is depressed, the light shielding 
plate 21 is moved first to permit the passage of the inci 
dent light toward the light-sensitive material 6 or the 
section of a film and thereafter the magnetic fluid fixed 
by the permanent magnet 8, etc. is moved by the supply 
of current to the electromagnetic coil 17 to obtain a de 
sired exposure characteristic. 
While, in the embodiments described above, the 

magnetic fluid is fixed by means of the permanent mag 
net with the result that when the present invention is 
applied to a camera unit or the like where the light in 
tercepting property is required in the normal condition 
of the unit, the supply of external energy is completely 
eliminated and hence the deficiency of the prior art is 
entirely overcome, there is still another disadvantage in 
that if a distance 22 between the magnetized portions, 
i.e., the magnetic poles of the permanent magnet be 
comes too wide, the flux density varies at the unmagne 
tized portions of the permanent magnet with the result 
that the thickness of the magnetic fluid in its fixed posi 
tion varies and thus it becomes uneven as will be seen 
from FIG. 6, thereby failing to completely intercept the 
passage of light to the light-sensitive material, e.g., the 
film 6. 
FIG. 7 illustrates still another embodiment of the 

present invention which incorporates a modification to 
overcome the foregoing difficulty. In other words, the 
magnetic poles of a plurality of permanent magnets are 
arranged as shown in FIG. 7 to ensure a uniform thick 
ness of the magnetic fluid in the fixed position. 
A magnetic material 24 of for example barium ferrite 

is employed and a plurality of magnetic poles are in 
duced on one side of the material in the form of a mo 
saic as shown at 23 and 25 in FIG. 7. This produces the 
magnetic flux distributed as shown by 26 and hence a 
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magnetic field which is irregular microscopically, but 
substantially flat is produced. 
Consequently, the magnetic fluid 2 disposed in the 

magnetic flux path is dispersed evenly with a substan 
tially uniform thickness and thus the foregoing diffi 
culty is completely eliminated. 

FIG. 8 illustrates still another embodiment of the 
present invention in which the exposure time (e.g., the 
speed of the shutter) of the light control device is asso 
ciated with the time-constant circuit of a photographic 
camera. In this embodiment, the value of the electric 
resistance of the magnetic fluid is approximately 10'- 
lOOcm and electrodes 28 and 29 are embedded in a 
portion of the light control element 7, e.g., at one side 
thereof. 
Assume now that a switch 16 is closed, a current 

flows through the electromagnetic coil 17 causing the 
magnetic field of the permanent magnet 8 to be can 
celled. Thus upon actuation of the electromagnetic coil 
17, the magnetic fluid 2 is moved to both sides in the 
light control element 7 as shown in FIG. 8, and at the 
same time the opening is formed in the light control el 
ement 7 which permits light to pass to the light-sensing 
material, e.g., a film 6. Since the electrodes 28 and 29 
are located in one side of the light control element 7 
and since the both electrodes 28 and 29 are now sub 
merged in the electrically conductive magnetic fluid 2, 
the electrodes 28 and 29 are electrically shortcircuited. 
Accordingly, if a time-constant circuit shown at 27 in 

FIG. 8 comprises a known type of time-constant circuit 
for photographic cameras which comprises a resistor 
and a capacitor and if the time-constant circuit 27 is 
designed to begin its operation from the time of short 
circuiting of the electrodes 28 and 29 and the electro 
magnetic coil 17 is deemergized after the expiration of 
a predetermined time determined by the values of the 
resistor and capacitor in the time-constant circuit 27, 
the light transmission time (shutter speed) of the light 
control device can be varied at any time in accordance 
with the time constant of the time-constant circuit 27. 
The switch 16 may be constructed to cooperate with, 
e.g., a shutter button of a camera. More specifically, 
operation of the time-constant circuit 27 is initiated by 
the decrease in the electrical resistance between the 
electrodes 28 and 29 which occurs when they become 
submerged in the low resistance electrically conductive 
magnetic fluid 2. In a conventional time-constant cir 
cuit of the type used in conjunction with the shutter 
timing mechanism of a camera, as shown for example 
in U.S. Pat. No. 3,326, 103 granted Dec. 9, 1964, the 
reduction in resistance causes a capacitor to be 
charged through a resistor. When the voltage across the 
capacitor reaches a predetermined value, a switch is 
opened causing the coil 17 to be de-energized and the 
magnetic fluid 2 is returned to its initial state thereby 
completing the exposure of the film 6 to light. 
FIG. 9 illustrates still another embodiment of the 

present invention in which the exposure time of the 
light control element 7 is also associated with the time 
constant circuit 27 of a photographic camera. Refer 
ring to FIG. 9, as compared with FIG. 8, a portion of 
the light control element 7 at one side thereof is pro 
vided with a pickup coil 30 wound about that portion 
of the light control element 7. In this embodiment, the 
magnetic property of the magnetic fluid 2 is utilized in 
stead of electrical conductivity thereof in contrast to 
the device of FIG. 8. When a switch 16 is closed, the 
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6 
magnetic fluid 2 flows into the portion of the light con 
trol element 7 around which portion the pickup coil 30 
is wound in the same manner as described in connec 
tion with FIG. 8. 
A magnetization conversion circuit 31 is designed to 

detect the movement of the magnetic fluid 2 and actu 
ate the time-constant circuit 27. Specifically, the mag 
netization conversion circuit 31 may comprise a reso 
nance circuit including the pickup coil 30 and a capaci 
tor, and a switching element to actuate the time 
constant circuit 27. When the magnetic fluid 2 which 
has a relatively high permeability, flows into the pickup 
coil 30, the inductance of the coil varies and the reso 
nance circuit of the magnetization conversion circuit 
31 becomes resonant and produces a pickup signal. 
Then, the switching element of the magnetization con 
version circuit 31 in response to the pickup signal actu 
ates the time-constant circuit 27. Circuits of this type 
are well-known, an example being shown in publication 
“Electronics', Vol. 35, No. 23, page 1 13 (1965). The 
operation and function of the time-constant circuit 27 
are the same as in the device of FIG. 8. In these em 
bodiments illustrated in FIGS. 8 and 9, the movement 
of the magnetic fluid 2 not only controls directly the 
passage of light through the light control element 7, but 
also functions as a switching means when associated 
with the suitable pickup coil 30 or electrodes 28 and 
29. The switching means in turn actuates another cir 
cuit such as time-constant circuit 27. 

In an ordinary photographic camera employing a lens 
shutter, in the normal conditions the interception of in 
cident light is effected by the closing of a mechanical 
shutter disposed at the front or back of the lens to pre 
vent the passage of incident light to a light-sensitive 
material such as a film. 
On the other hand, in a photographic camera em 

ploying a focal plane shutter, the incident light trans 
mitted through the lens is intercepted by means of rub 
berized curtains, metal plates or metal foils placed in 
front of a light-sensitive material such as a film. 
Consequently, when these shutters are closed, their 

relatively rigid mechanical structures ensure a positive 
interception of the incident light in the normal condi 
tions of the camera. 
Considering the time of the opening operation in ei 

ther of these types of shutter, however, the lens shutter 
mainly employs a mechanical structure so that a plural 
ity of the metal plates are gradually opened with time, 
while the focal plane shutter has a mechanical structure 
comprising front and rear curtains so that the gap be 
tween the curtains is adjusted. 
With these constructions, all of the known shutters 

are based on the use of mechanical elements and there 
fore their shutter speed is inevitably limited by the 
spring pressure, mechanical friction and resistance, etc. 
With the presently available techniques, the shutter 
speed is limited to 1/1000 - 1/2000 of a second. 
On the contrary, the basic operating principle of the 

present invention is based on the use of a magnetic 
fluid suspended in a medium and therefore the device 
of this invention is practically unrestricted by purely 
mechanical factors. Moreover, while the viscosities of 
the liquids have mutual influence on them, the mag 
netic fluid prepared according to the previously de 
scribed method is particularly of low viscosity and 
therefore in contrast to the mechanical shutters, the de 
vice of this invention is practically unrestricted with re 
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spect to the shutter speed and moreover very high 
speed opening and closing operations are possible by 
increasing the starting current of the electromagnet for 
actuating the magnetic fluid. 

I claim: 
1. A light exposure control device comprising: 
a hermetically sealed container having a front surface 
and a back surface with respect to the passage of 
incident light and containing an immiscible fluid 
transparent to light and a non light transmitting 
magnetic colloidal fluid including an activiated 
magnetic material, 

means for locating, a light-sensitive member adjacent 
the back surface of said container, and 

means for generating a magnetic field in close prox 
imity to said container to shift the position of said 
magnetic fluid out of the light passage in said con 
tainer, said light-sensitive member being exposed 
to light through said immiscible fluid or shielded 
therefrom by said colloidal fluid in accordance 
with whether said magnetic field is being gener 
ated. 

2. A light exposure control device according to claim 
1, wherein said magnetic field generating means com 
prises a permanent magnet. 

3. A light exposure control device according to claim 
1, wherein said magnetic field generating means com 
prises an electromagnetic coil. 
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8 
4. A light control device according to claim 1, 

wherein said magnetic field generating means com 
prises a plurality of small magnets set in array in the vi 
cinity of said hermetically sealed container. 

5. A light exposure control device according to claim 
1, further including a time-constant circuit for control 
ling the time of energy supply to said electromagnetic 
coil. 

6. A light exposure control device according to claim 
5, further including a plurality of electrodes disposed in 
said hermetically sealed container for actuating said 
time-constant circuit. 

7. A light exposure control device according to claim 
5, further including magnetic detecting means for de 
tecting a magnetic variation caused by the movement 
of said magnetic fluid in said hermetically sealed con 
tainer. 

8. A light exposure control device according to claim 
1 further comprising a light shielding plate disposed on 
the front surface side of said container and in the vicin 
ity thereof for intercepting said light, said light shield 
ing plate being operable. to allow light to reach the 
front surface of said container, immediately before the 
actuation of said magnetic field generating means and 
shield the front surface of said container after termina 
tion of generation of said magnetic field. 
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