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ABSTRACT OF THE DISCLOSURE
A polarization filter utilizing Brewster’s angle. The polarization filter includes a
stimulus receiving body having more than one facet. At least two of the more than one
facet being arranged at Brewster’s angle (relative to the plane of polarization of the
incident stimulus) and positioned in different radial orientations (relative to the incident
stimulus) which are adapted to provide differential transmission or reflection of polarized

electro-magnetic radiation coming from a common source.
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TITLE OF THE INVENTION:

Polarization filter utilizing Brewster’s angle

FIELD OF THE INVENTION

The present invention relates to a polarization filter, which may be used, to
selectively transmit or reflect specific planes of polarize visible light, microwaves, radar

waves, infrared waves or any selected wavelength within the electro-magnetic radiation

spectrum.

BACKGROUND OF THE INVENTION

United States Patent 3,998,524 (Hubby Jr. et al 1976) discusses tour basic
techniques for polarization: 1) Brewster’s angle plates, 2) prisms, 3) dichroic materials,
and 4) grids or gratings. A number of limitations relating to the use of Brewster’s angle
are identified. Hubby Jr. indicates that many surfaces must be cascaded in order to obtain
a device with a useably high rejection of undesired polarization. This requirement for a
multiplicity of surfaces is viewed by Hubby Jr. as increasing the size and cost of a device

built upon the Brewster’s angle principle.

SUMMARY OF THE INVENTION

According to the present invention there is provided a polarization filter utilizing
Brewster’s angle. The polarization filter includes a light receiving body having more than
one facet. At least two of the more than one facet being cut at Brewster’s angle (relative
to the incident stimulus) and positioned in different radial orientations which are adapted
to provide selective transmission or reflection of different polarization planes of electro-

magnetic radiation coming from a common source.

The polarization filter described above facilitates determination of spatial
variations within the polarization dimension of the incident sttmulus. Polarization
Difference Imaging (PDI) can then be applied to these polarization maps to enhance
contrast and reduce noise due to scattering of the stimulus by intervening medium or
mechanisms, thereby allowing for enhanced target detection and increased signal to noise
ratios. While PDI imaging can be realized by utilizing and comparing only two orthogonal
planes of polarization, it is preferred that at least three different polarization planes be

utilized so that ambiguities in the spatial variations in polarization orientation and intensity
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can be avoided. It is also preferred that at  least one adjacent facet with a surface

perpendicular to the incident stimulus be provided as a comparative reference. Since all
planes of polarization will be equally transmitted through this reference facet, the ratio of
transmitted stimuli through adjacent facets cut at Brewster’s angle (with differing radial
orientation) can be used to compute the plane and percentage of polarization of the

stimulus at that discrete spatial location.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more apparent from the
following description in which reference 1s made to the appended drawings, the drawings
are for the purpose of illustration only and are not intended to in any way limit the scope
of the invention to the particular embodiment or embodiments shown, wherein:

Figure 1 1s a perspective view of an optical component having a single groove or
channel.

Figure 2 1s an end view of the optical component illustrated in Figure 1.

Figure 3 is a top plan view of an optical component having several intersecting
grooves.

Figure 4 1s a top plan view of an optical component consisting of multiples of the
optical component 1illustrated in Figure 3.

Figure S is a side elevation view of an imaging device using the optical component
1llustrated in Figure 4.

Figure 6 through Figure 9 are top plan views of the optical component illustrated
in Figure 3, showing differing plane of polarization patterns.

Figure 10 1s a perspective view of an optical component consisting of a single
optical fiber.

Figure 11 1s a perspective view of an optical component consisting of a single
optical fiber with an end face cut a brewsters angle.

Figure 12 1s a perspective view of an optical component consisting a single optical
fiber.

Figure 13 1s a graph of transmission percentages relative to angle of stimulus
polarization for transmitted light with respect to the optical component illustrated in

Figure 12.
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Figure 14 is a perspective view of an optical component consisting of a single

optical fiber cut at Brewster’s angle.

Figure 15 is a graph of transmission percentages relative to angle of stimulus
polarization for transmitted light with respect to the optical component illustrated in
Figure 14.

Figure 16 is a graph of transmission percentages relative to angle of stimulus
polarization for reflected light with respect to the optical component illustrated 1n Figure
14.

Figure 17 is a perspective view of an optical component consisting of a bundle of
optical fibers.

Figure 18 is an imaging device using the optical component 1illustrated in Figure
17.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment, a polarization filter utilizing Brewster’s angle will now
be described with reference to FIGURES 1 through 18.

Brewster’s angle is the angle of incidence of electromagnetic radiation at which
100 percent of the radiation with a polarization parallel to the material’s face is retlected.
With transmissive materials, Brewster’s angle 1s equal to the Arc Tangent of the matenal’s
refractive index for a given wavelength. Utilizing this proven optical principle, facets can
be cut into transmissive material at Brewster’s angle (relative to the incident stimulus),
which will result in transmitted intenstties through the material which will be dependent
on (1) the actual stimulus intensity, (2) the percentage of the stimulus polarization, (3) the
deviation of the incident radiation from Brewster’s angle, and (4) the amount of deviation
of the angle of polarization from being parallel to the reflecting surface (see Figure 14.
and Figure 15.). For the purpose of this document, the optimum orientation of the face of
the facet which results in the maximum reflection of a given polarized stimulus will be

referred to as the “Brewster’s Channel” for that stimulus.

It can be seen from the above principle of Brewster’s angle that if one was to
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construct an array of multiple facets with faces cut at Brewster’s angle, with each

facet having differing radial orientations relative to the incident stimulus, these facets
would allow for the transmission or reflectance of polarized stimuli proportional to its
match to the specific characteristics of the Brewster’s Channel it is incident upon. We
have named such a grating of multiple Brewster’s prisms (and reference channels) a

Brewster’s Grism.

According to the present invention there 1s provided a polarization filter utihizing
Brewster’s angle. The polarization filter includes a light receiving body (see Figure 4,
item 3.) having more than one facet. At least two of the more than one facet being cut at
Brewster’s angle (relative to the incident stimulus) and positioned 1n difterent radial
orientations (see Figure 1., item 5.) which are adapted to provide selective transmission or
reflection of different polarization planes of electro-magnetic radiation coming from a

COoImMiImon Source.

The polarization filter described above facilitates determination of spatial
variations within the polarization dimension of the incident stimulus. Polarization
Difference Imaging (PDI) can then be applied to these polarization maps to enhance
contrast and reduce noise due to scattering of the stimulus by intervening medium or
mechanisms, thereby allowing for enhanced target detection and increased signal to noise
ratios (L. B. Wolff, 1994). While PDI imaging can be realized by utilizing and comparing
only two orthogonal planes of polarization, it i1s preferred that at least three different
polarization planes be utilized so that ambiguities in the spatial variations in polarization
orientation and intensity can be avoided (see Figure 3.). It is also preferred that at least
one adjacent facet with a surface perpendicular to the incident stimulus be provided as a
comparative reference (see Figure 2., items 4a and 4b, and Figure 3., items 4a and 4b).
Since all planes of polarization will be equally transmitted through this reference facet, the
ratio of transmitted stimuli through adjacent facets cut at Brewster’s angle (with differing
radial orientation) can be used to compute the plane and percentage of polarization of the

stimulus at that discrete spatial location.
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Figure 1.

This figure 1illustrates a flat portion (3) of optical material (such as quartz or fused
silica), in which a groove has been formed, having a flat bottom (4b) and flat
shoulders (4a). The sides of the groove are parallel to each other, and relative to a
line drawn parallel to the facet’s face (7), are inclined at an angle (9) which is
(relative to the incident stimulus, 10), equal to the Arc Tangent of the material’s
refractive index for the stimuli’s wavelength. Such an angle is known as
Brewster’s Angle, and 1t has the effect of completely reflecting polarized light
(19), which has an orientation (12,20) that 1s parallel to the surface’s face (5).
Other orientations of polarization, such as vertical (14,22) are transmitted (17)

through the optical component, and are emitted (18).

Figure 2.

This figure illustrates an end view of the portion of the optical component as
presented in Figure 1. If a line (6) 1s drawn parallel to the flat surfaces 4a or 4b,
the resulting angle (8) between these lines and the incident stimuli (10) striking
these surfaces 1s equal to 90 degrees. At this angle, the majority of the stimuli is
transmitted through the optical material (16), and 1s emitted (18) with all
polarization angles being transmitted (e.g. 20 and 22). The transmitted stimulus

can then be recorded by an underlying sensor (Figure 2., CCD).

Figure 3.

This tigure represents a plan view, illustrating an optical component (such as
shown 1n Figure 1. and Figure 2.), created by intersecting three grooves
(30,32,34), with a relative angular separation of 120 degrees. The resultant pattern
of facets (36) 1s comprised of two basic shapes; large (38) and small (40) triangles.
These triangles have both flat surfaces (4a, 4b, 4¢) and a number of facets cut at

Brewster’s Angle (5) with differing radial orientations.

Figure 4.

This figure 1s a plan view showing the resultant pattern created by repeating the

grooves (as in Figure 3.) over a larger expanse of optical material (3). Similar
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repeating patterns can be constructed by intersecting two or more orthogonal

grooves, but for simplicity of presentation, the pattern created by intersecting three
grooves is used for illustrative purposes only, and does not limit the scope of the
present claims. It can be seen that the basic unit (36) repeats across the surface of
the optical component. These basic units (as seen in Figure 3.) are comprised of
flat surfaces perpendicular to the incident stimulus, and triangles (38,40) with
facets cut a Brewster’s Angle. We have named such a device a “Brewster’s

Grism”.

Figure 5.

This figure illustrated the basic construction of a polarization-sensing camera
utilizing optical components, a “Brewster’s Grism”, and a CCD imaging chip. In-
coming light (containing various degrees and orientations of polarization) passes
though an imaging lens (42), reducing the size of the image and passing the light
through a collimating lens (44). The stimulus, now consisting of parallel rays of
light (10), having an orientation identical to the surface normal of the flat surtaces
of the Brewster’s Grism (3), strikes the angled facets at Brewster’s Angle. The
transmitted light then strikes the active surface of the CCD, creating an unique
spatial pattern of input intensities, which is dependent on the spatial distribution

polarization intensity and ortentation within the input image.

Figure 6.

This figure illustrates the unique spatial intensity pattern which would fall on the
underlying CCD detector when this section of the Brewster’s Grism is illuminated
by a stimulus that is completely polarized, and having an radial orientation (Plane
of Polarization) as shown. All facets cut at Brewster’s Angle, and having a radial
orientation that is parallel to the plane of polarization (5a), would completely
reflect the polarized stimulus (facets shown as black). As a result, the pixels of the
underlying CCD sensor would receive little input. In this example, all other facets
cut at Brewster’s Angle (Sb, 5¢) differ from the radial orientation of the stimulus
polarization by identical amounts, and thus only pass a portion of the polarized

stimulus (facets shown in grey). All flat surfaces (4a,4b,4c) with surface normals
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matching the angle of the incident  stimulus equally pass all angles of stimulus

polarization (facets shown in white). By comparing the intensity of the stimulus
transmitted through spatially adjacent angled (5) and flat (4) facets, the precise
percentage, orientation, and spatial distribution of polarization within the iput

image can be calculated.

Figure 7.

This figure illustrates the unique spatial intensity pattern which would fall on the
underlying CCD detector when this section of the Brewster’s Grism is illuminated
by a stimulus that is completely polarized, and having an radial orientation (Plane
of Polarization) as shown. All facets cut at Brewster’s Angle, and having a radial
orientation that is parallel to the plane of polarization (5c), would completely
reflect the polarized stimulus (facets shown as black). As a result, the pixels of the
underlying CCD sensor would receive little input. In this example, all other facets
cut at Brewster’s Angle (5a, 5b) differ from the radial orientation of the stimulus
polarization by identical amounts, and thus only pass a portion of the polarized
stimulus (facets shown in grey). All flat surfaces (4a,4b,4c) with surface normals
matching the angle of the incident stimulus equally pass all angles of stimulus

polarization (facets shown in whate).

Figure 8.

This figure illustrates the unique spatial intensity pattern which would fall on the
underlying CCD detector when this section of the Brewster’s Grism 1s 1lluminated
by a stimulus that is completely polarized, and having an radial orientation (Plane
of Polarization) as shown. All facets cut at Brewster’s Angle, and having a radial
orientation that is parallel to the plane of polarization (5b), would completely
reflect the polarized stimulus (facets shown as black). As a result, the pixels of the
underlying CCD sensor would receive little input. In this example, all other facets
cut at Brewster’s Angle (5a, 5c) differ from the radial orientation of the stimulus
polarization by identical amounts, and thus only pass a portion of the polarized
stimulus (facets shown in grey). All flat surfaces (4a,4b.4c) with surface normals

matching the angle of the incident stimulus equally pass all angles of stimulus
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polarization (facets shown in white).

Figure 9.

This figure illustrates the unique spatial intensity pattern which would fall on the
underlying CCD detector when this section of the Brewster’s Grism is illuminated
by a stimulus that 1s completely polarized, and having an radial orientation (Plane
of Polarization) as shown. In this case, none of the facets have a radial orientation
that is parallel to the plane of polarization, and therefore each facet transmits the
polarized stimulus to a certain extent. Facets 5b and 5c¢ (and all facet parallel to
their surfaces) transmit the polarized stimulus equally (facets shown as grey). All
facets with a radial orientation ninety degree to the plane of polarization (shown in

white) would effectively transmit the stimulus with an efficiency approaching that
of the flat surfaces (4a,4b,4c).

Figure 10.

This and subsequent figures illustrate that the basic principles of operation as
defined for the “Brewster’s Grism” can be equally applied to an imaging system
constructed of a bundle of optical fibers. Shown 1s a section of optical fiber (2),
which terminates in facet (4) cut so that a line drawn parallel to its face (6) is at an
angle of ninety degrees (8) relative to the incident illumination (10). The stimulus
(10) 1s comprised of various degrees and orientations of polarization, of which only
the vertical (14) and horizontal (12) components are shown for simplicity of
presentation. The stimulus is transmitted through the optical fiber (16), and 1s
emitted (18) containing its full compliment of polarization orientations (only the
vertical 22, and horizontal 20 components are shown). It 1s important to note that,
if a polarization preserving optical fiber 1s not used, internal reflections in standard
optical fibers (as shown) effectively randomize the polarization content during

propagation through the fiber.

Figure 11.
As in Figure 1., a section of optical fiber is illustrated (2), which terminates in a

facet (5) cut so that a line drawn parallel to its face (7) is at an angle (9) (relative to
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the incident stimulus, (10)) that equals the Arc Tangent of the material’s

refractive index for the stimuli’s wavelength. Such an angle is known as
Brewster’s Angle, and it has the effect of completely reflecting polarized light (19)
with an orientation (20) that is parallel to the surface’s face (5). Other orientations
of polarization, such as vertical (14) are transmitted through the optical fiber (17),
and are emutted (18). While the vertically polarized component (22) contributes the
most to the intensity of the transmitted stimulus, its polarization orientation is

subsequently randomized by internal reflections during propagation through the
fiber.

Figure 12,

This figure illustrates a section of optical fiber (2), terminating in facet (4), cut so
that a line drawn parallel to its face (6) is at an angle (8)of ninety degrees relative
to the incident polarized illumination (10). In this case, the incident illumination
(10) has an initial polarization orientation (12), and the stimulus polarization
orientation is rotated until it 90 degrees to its initial orientation (14). Since all
orientations of polarization are equally propagated (16) through this fiber, the
intensity of the emitted stimulus (18) is the same for both initial and final

polarization orientations.

Figure 13.

This graph represents the relationship between the percentage of the incident
stimulus propagated and emitted (18) from the fiber (shown in Figure 12), as the
polarization orientation 1s revolved from the initial orientation (12) to the second
orthogonal orientation (14). Since all orientations of stimulus polarization are
equally transmitted, there are no differences in the percentage of stimulus

transmitted as the angle of stimulus polarization is varied.

Figure 14.
This figure illustrates a section of optical fiber (2), terminating in a facet (5), cut so
that a line drawn parallel to its face (7) is at Brewster’s Angle (9) relative to the

incident 1llumination (10). In this case, the incident illumination (10) has an initial
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polarization orientation (12), which  is rotated until it is at an orientation that is

90 degrees to 1ts initial orientation (14). Due to the property of Brewster’s Angle
(9), the proportion of the stimulus that is transmitted (17) through and emitted (18)
from the optical fiber, 1s inversely proportional to the amount reflected (19) off the
facet (5).

Figure 13.

This graph represents the relationship between the percentage of the incident
stimulus propagated and emitted from a fiber (18, Figure 14.), as the polarization
orientation 1s revolved from the initial orientation (12) to the second orthogonal
orientation (14). Since the initial plane of polarization strikes the fiber parallel to
the face (and at Brewster’s Angle), the majority of the stimulus is reflected off the
facet with little or none transmitted through the fiber (12). As the polarization
orientation 1s progressively rotated ninety degrees from the original orientation, the

proportion of transmitted stimulus increases to a maximum amount (14).

Figure 16.

This graph represents the relationship between the percentage of the incident
stimulus reflected off the face of a fiber by Brewster’s Angle (19, Figure 14.), as
the polarization orientation is revolved from the initial orientation (12) to the
second orthogonal orientation (14). Since the initial plane of polarization strikes
the tiber facet parallel to the face (and at Brewster’s Angle), the majority of the
sttmulus 1s reflected off the facet (12). As the polarization orientation is
progressively rotated ninety degrees from the original orientation, the proportion of

the stimulus transmitted increases to a maximum amount (14).

Figure 17.
[tlustrated is a fiber optic bundle comprised of a cluster of individual optical fibers

(2) with input facets cut at either Brewster’s Angle (5) or orthogonal to the incident
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stimulus (4). The percentage of stimulus polarization and precise

polarization orientation at any spatial location can be accurately calculated by
comparing the amount of light propagated through adjacent “Brewster Fibers” of

differing axial orientation (5) and adjacent “Reference Fibers”(4).

Figure 18.

This figure tllustrates the arrangement of optical components that results in the
creation of a “‘Brewster Bundle”. A “Brewster Bundle” 1s an imaging fiber optic
bundle, with the input end of the fibers cut with facets either at ninety degrees
relative to the incident stimulus (as 4 in Figure 18.), or at Brewster’s Angle and
arranged at various degrees of axial rotation (as 5 in Figure 18.). In-coming light is
first passed through an tmaging lens (42), to reduce the size of the stimulus image,
and focuses the stimulus onto a collimating lens (44). After passing through the
collimating lens (44), the light within the stimulus beam 1s parallel, and strikes the
facets on the end of the optical fibers (4 & 5) either at Brewster’s Angle or at an
angle orthogonal to the fiber’s facet (for reference fibers). The bundle of individual
fibers (2) then propagates the stimulus to their terminal ends where the stimulus 1s
emitted (18), and passes through imaging optics (48) to focus the stimulus onto a

CCD imaging chip (or sensor appropriate for the wavelength of the stimulus).

Brewster’s Grisms can be constructed of a variety of material specifically chosen
to match the wavelength properties of the polarized stimulus. For example, Brewster’s
Grisms transmissive 1n the optical range of stimuli could be made of glass, fused silica,
quartz, or optical plastics. Brewster’s Grisms designed to function in the microwave or
radar range of stimuli could be made from microwave lensing material such as Rexolite
plastic. Retlective Brewster’s Grisms can also be constructed whereby the intensity of
reflected stimuli off of individual facets 1s used to determine the orientation and

percentage of polarization of spatially discrete stimuli (for example, see Figure 16.).

The Brewster’s Grism is placed behind a collimating lens (or mechanism
appropriate for the physical properties of the polarized stimulus) in the stimulus path,

directly in front of a sensing array appropriate for the range of stimuli being detected. For
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example, for optical measurements the Brewster’s Grism could be placed directly

above the active area of a CCD 1maging chip (see Figure 2. and Figure 5.). For
measurements of microwave polarization, the Grism could be integrated with, or placed

directly on an array of appropriately tuned micro-antennas.

In contrast to existing polarization filters, (which can sample only one plane of
polarization at a time), the Brewster’s Grism’s physical structure allows for simultaneous
real-time sensing of multiple polarization planes. In addition, by comparing the
transmission intensities at multiple adjacent facets (and areas of the Grism that are
transmissive to all planes of polarization), the precise angle of intermediate planes of
polarization and percentage of stimulus polarization can be directly calculated. Also, while
traditional polarization filters are spatially homogeneous (all areas of the filter are “tuned”
to the same plane of polarization), the Brewster’s Grism’s structure allows for the real-
time determination of spatial variations within the polarization dimension of the stimulus.
In the presence of intervening scattering medium or mechanisms, Polarization Difference
Imaging (PDI) can be applied to these polarization maps to greatly enhance target

detection and signal to noise ratios.

BREWSTER’S BUNDLE

The Brewster’s Bundle is a fiber optic bundle comprised of normal optical fibers,
mixed with fibers with one end cut at Brewster’s angle. All cut fibers are at the stimulus
input end of the fiber bundle, behind a collimating lens. The bundle is constructed so that
(1) the bundle is coherent (and therefore acts as an image guide), and (2) has the Brewster
angle cut fibers equally distributed through out the bundle with random or predetermined

axial orientations (see Figure 17.).

As with the Brewster’s Grism, fibers with ends not cut at Brewster’s angle transmit
light of all polarization angles equally effectively, thereby creating a standard, spatially
discrete illumination intensity reference. The ratio of transmission through reference and
adjacent fibers cut at Brewster’s angle, (having either randomly or predetermined varying
radial orientations), allows for the calculation of a spatially discrete estimate of both (1)

the angle of stimulus polarization, and (2) the percentage of polarization within the
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stimulus.

Our research has clearly demonstrated that both stimulus detection and PDI image
formation of an object in the presence of scattering medium or mechanisms can be greatly
enhanced when the object is illuminated by a polarized (linear, circular or elliptical)
stimulus source, which maximizes the percentage of target-reflected polarized stimuli. In
cases where use of the Brewster Bundle requires a polarized illumination system
constrained within the space of the physical dimensions of the Brewster’s Bundle, a set of
polarization preserving (uni-modal) optical fibers can be evenly distributed within the
Brewster’s Bundle. All polarization preserving fibers can (1) have the same radial
orientation (therefore all fibers emit the same plane of polarization), or (2) muitiple
independent polarization preserving fiber bundles with different random or predetermined
planes of polarization can be integrated into the Brewster’s Bundle. As a result, the
combined bundles can selectively illuminate the target with a variety of specific
polarizations, and the reflected light from the target can be projected on to the input end of

the Brewster’s Bundle (having the cut faces at varying radial orientations).

LLASER diodes of various intensities and wavelengths can be chosen to best suit
the application of the bundle, and the Brewster’s Bundle can be constructed to suit
differing spatial requirements. For example, Brewster’s Bundles can be constructed as
Orthoscopes or Boroscopes, thereby allowing for the application of Polarization
Difference Imaging during surgery. PDI would enhance vision in scattering medium,
enhance tissue contrast, and potentially differentiate between healthy and cancerous tissue
(see S. G. Demos, et. Al., 2000). In contrast, larger scale Brewster’s Bundles (1-2cm dia.)

can be constructed for various imaging and polemetry requirements.

Structure and Relationship of Parts (Brewster’s Grism):

The imaging lens system (Figure S., item 42.) focuses converging rays of light on
to a Collimating lens (Figure 5., item 44.). As a result, the stimulus incident on the
Brewster Grism (Figure 3., item 30.) strikes the facets of the Grism (Figure 5., item 3.)

all at the same angle of incidence (Brewster’s Angle). In addition, the stimulus will also
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strike surfaces of the Grism that are perpendicular to incident stimulus (for

example Figure 2.), and thus transmit stimuli of all polarization orientations. Based on the
spatial variations in the polarization orientations contained in the stimulus, and the radial
orientation of the facets on the grism that they fall upon, a specific distribution of
transmitted intensities will be created (see Figures 6. to 9.) which will fall upon the

underlying sensor (as in Figure 2.).

Structure and Relationship of Parts (Brewster’s Bundle):

The 1maging lens system (Figure 18., item 42.) focuses converging rays of light
on to a Collimating lens (Figure 18., item 44.). As a result, the stimulus incident on the
receptive end of the Brewster Bundle (Figure 18., items 4. and 5.) strikes the cut facets of
the individual fibers (as in Figure 17., items 4. and 5.) all at the same angle of incidence
(Brewster’s Angle) (see Figure 11.). The stimulus will also strike a number of fibers,
which have faces cut perpendicular to the incident stimulus, and thus transmit stimuli of
all polarization orientations equally (see Figure 10.). The radial orientation of the
individual fibers may be random or predetermined, dependent on the specialized
application of the system. Based on the spatial variations in the polarization orientations
contained in the stimulus, and the radial orientation of the facets on the cut end of the
fibers that they fall upon, a specific distribution of transmitted intensities will be created
within the bundle which will be transmitted to the other end of the optical fiber bundle
(Figure 18., item 18.). At the end of the bundle, an image-forming lens (Figure 18., item
48.) will focus the transmitted light upon the underlying sensor (Figure 18., CCD).

It can be seen from the descriptions above, that such polarization filters can be
used to, (1) enhance stimulus detection or image formation of an object in the presence of
scattering medium or mechanisms, when the object is passively illuminated by a non-
polarized stimuli (in which case the surface features of the target object imparts a partial
polarization to the returned signal), (2) enhance stimulus detection or image formation of
an object in the presence of scattering medium or mechanisms when the object is
illuminated by a polarized (linear, circular or elliptical) stimulus source, and (3) to
enhance detection and reduce signal degradation of polarized stimuli utilized to transmit

data in the presence of, or through a scattering medium or mechanisms (such as with Free
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Space Optical systems).

The underlying principles of the Brewster’s Grism do not restrict its mode of
operation to either transmission or reflection. As such, by merely changing the position of
5  the receptive array (CCD, antenna, light guides etc.) one could produce Brewster’s Grisms

that would function in either of these modes of stimulus reception.

In this patent document, the word "comprising" is used in its non-limiting sense to

mean that items following the word are included, but items not specifically mentioned are

10  not excluded. A reference to an element by the indefinite article "a" does not exclude the
possibility that more than one of the element is present, unless the context clearly requires

that there be one and only one of the elements.

It will be apparent to one skilled in the art that modifications may be made to the

15  1llustrated embodiment without departing from the spirit and scope of the invention as

hereinafter defined in the Claims.
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What is Claimed is:

I. A polarization filter utilizing Brewster’s angle, comprising:

a light receiving body having more than one facet, at least two of the more than
one facet being arranged at Brewster’s angle (relative to the orientation of the incident
stimulus) and positioned in different radial orientations which are adapted to provide
differential transmission or reflection of polarized components within electro-magnetic

radiation incident upon the receiving body.

2. The polarization filter as defined in Claim 1, wherein the body consists of a bundie

of prisms, with one of the facets at an end of each prism.

3. The polarization filter as defined in Claim 1, wherein the body consists of a bundle
of optic fibers, with one of the facets at an end of each fiber, having an orientation that
results in a Brewster angle being perpendicular to the stimulus, and at a random or

predetermined radial orientation with respect to the incident stimulus.

4. The polarization filter as defined in Claim 1, wherein the body is a unitary body,

with the facets integrally formed on the body.

S. The polanzation filter as defined in Claim 1, wherein at least one of the facets is
polarization insensitive and positioned perpendicular to the common source of electro-

magnetic radiation to provide a comparative reference.

6. A polarization filter utilizing Brewster’s angle, comprising:

a light receiving body having several facets, the body consisting of a bundle of
prisms, with one of the facets at an end of each prism, at least three of the several facets
being arranged at Brewster’s angle and positioned in different radial orientations which
are adapted to provide differential transmission or reflection of polarized electro-magnetic
radiation incident upon the receiving body, at least one of the several facets being

polarization insensitive to provide a comparative reference.
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7. A polarization filter utilizing Brewster’s angle, comprising:

a light receiving body having several facets, the body consisting of a bundle of
optic fiber, with one of the facets at an end of each fiber, of which at least three of the
several facets being arranged at Brewster’s angle and positioned in different radial
orientations which are adapted to provide transmission or reflection of differential
polarization planes within electro-magnetic radiation incident upon the receiving body, at
least one of the several facets being polarization insensitive to provide a comparative

reference.

8. A polarization filter utilizing Brewster’s angle, comprising:

a light recerving body having several facets, the body being a unitary body, with
the facets integrally formed on the body, at least three of the several facets being arranged
at Brewster’s angle and positioned 1n different radial orientations which are adapted to
provide differential polarization sensitivity to electro-magnetic radiation incident upon the
receiving body, at least one of the several facets being polarization insensitive to provide a

comparative reference.




CA 02496235 2005-02-04




CA 02496235 2005-02-04

91

@ TTLIL
14|

Cl

O] ———>n

qv

3

Ol

snanns @

e}




CA 02496235 2005-02-04

¢ 2In31,§




f 931

JANYANEEEAY AN ANWANEEEV AN

N2 AN NN

WAV 1 Y
NN N
NONININININININYNYN
INUNININININININYNY
NONNUNININYNYNYNYN

N NN NN

ANEEVANWAN

Y NN NN NN

ANEEVAWAN ANEEVAWAN ANEEYA WA AWANEEYAWANEEVA

WAYAYAAY NN

AN ANYA YA A\ ANYANEEEYANYANEEEYANYANEEEYANWA VAN

VNN NYNYNYNYNINYN

3¢

OV

9t




CA 02496235 2005-02-04

(100

G Ingrg




CA 02496235 2005-02-04

@ ¢ = g &g s eeh

& & 4 » 2 » a m = 8
" A 8 " = &sperd
+ ]

« ® = 5 s v

e % %N BTN
S 4 4 NP OV
"%t e b A
» oy
P> 8 p bt » an

P " B E® U S P E S S HAEER
. 9 " wv A mn g s 8 a8 eM

- = =% H B A

w » 4a m & % % & V4=

= B a4 4 % 5 " B " ew S 4 " a m g a am a4

49 % 9 " = # = » um = "N

"
R4 s & & g

® v » u @ m e N D

= 1 & & & & 4 u & u g % v 4 v = »n A & 4 B 4 a < 9

L I | 4 P & ¥y ¢ % & 1 b
2 4 P 4 % 4 * % & # @ + un » ¥V
1 » B & = = u &« vy un ¢ ¢ 0V &4 >
i F & 9

P4 4 F 4 F & e bs 2k A a e

R % ¥ m v = s =uw s § P VA 22

4 % 4 &4 4 a2
4 » 9 5 m 5 q 94 ¢ P

L 4 4 L ¢ & & o » § §® &}

R+ d » um @« a » v B 3 P ¢ R 8 959,

L
® & 2 e m # mmmm e A8 9y

® 4 4 ¢« &4 & & & § & s s koo

w w w a = = % % % &4 % P ¢ == F O a
- S F ® 9% % &4 % %% 2 v ét v A mun

T % % 4 % 3 W P TN LA A NSNS AL
S R a b ®u s 4 f v o npy=an 9
W A a9 9% % A Q% E = A rn N

B ® = m » uw & % % & " " o= 9oV
¢ v " 5 2§ 8 AP AR = ar

®» B 4 ®m % 4 a v a b 4 P s a9y

¢ « P v v {4 v P Fr ¢+ P w a v 4« P 4 a4

P & 4 4 % ¢ b N o

@ % « = 40 B YL P PV N RGP P A

® ¢ 4 % 4% % 8 b= n v any
mé W

P & &4 &« 3§ = uw wy u mw g mu gy

4« & % % 4 % ¢ v P ua b N $ 4 ¢ & U &0 a

" % % % F A m m e = aas ¢ AD
L I
4« 9 3 & n s mpag ettt a e

S P » w m w m »» 8 % & B APV

LI I B
[ I I
Ry A &
P » 1w
P R &0 & 4 &

I % « = & % =u n @

«a m p apaqaen $ % 2 ¢ # v & A s muw hh B "R A" a
9 4 9 & g m g a g aq R S H e E Ay
§y ® = = p s g=s ks RE Q9T E e

® # 4 » ¢+ s 8 0 4 m m " = " = RSP

b« um m ® =um » . N

]
P P R B R = py 9 =
L

4 ® 4 2 8 ¢ A uw e

" v 9y » P B § ¥ A4 & 2 ¢ e ndoad
4 4 42 2 b ad = = & % == 309 H 1.
= B J ¥ FAF 43 v a9 e b ua

¢ % 4 ¢+

t e 4« a 4

P &4 7 &4 4 » n v u u » d & 4 1 )

s v v r e bF ¢ 4
4 & # u & & n & d 4 & 4 )
= % = a u x99 § & 4 0
4 &4 & u d & % 8 & O
- m A m % G

* & & & an e
% 4 b9 rre
4 4 a s

P ¥ uw ®P % % % LAY E S ams s o - . &= a

- mea e R B aE b e b ety e e & 4§ 4 v & & Pp o

® % = v 4 % N T % % %" %" W Oes wW S aaw

L I I B ¢ =~ v a s

4 8 A v n =~
v B & N 1 9

4 B B =" = ®m ®m §y « »un 1 WSS
$ 9§ 4 " % F U A &P &NV -
B¢ 4 4 & & & % ¢ =n 4 8 § 8 a4 = »

= = e % % 4 Qs
» B P & 4 % Y4 % b
- e m ma % H % & bR P

« = P %N 1 4 » & ¥ = q ¢
P ¢ ¥ & p ¥ v r e v b
* 4

P& 4 p T

T B P R P>~

¥ % 4 ¢ 4 4 3 v 1 ¢+ v d p Y = v Ema

* m v =m » uw 8 % & 8 " &0

¢ &4 P v % A % B A " F um ==y ¥H

= = % %A% AV AP s oampa S

¢ & S % B § ®m » wes = = sH

1Zzation

Plane of polar

Figure 6

v



CA 02496235 2005-02-04

* h % P v = nyp
® & § & =" 9§ A&
» 4 % = uw & »w 4
P R B N & p
P 4 p = b mn ¢ 4«
)

¥ P 4 4 r ¢+
- s B R 3 4 % b0
P e r e b
B¢ v v v e b b A s bt & a0

P A v u # 4 B I 4 & §F " & ¥V 0

>

s ¢« 0 % &4 # »#» = = u u » 4 s 1
S 9 VS Fa v s

" a4 F & 99

T Y §S = 8 asm

. 8 &

- * » uw m = & % A § % 8 A a

& W N & & & = A = P T " P Yy " naw y & & ¢ =0

® % 4 P v v A " F om0 E &

4 % & % % VNSV ae
® %% &y
% 8 4§ ¢ 4 aa
¢ & a4
= % 3 % 4 ¢t w o
T v a0 ’

d ¢ 1 9 »

¢+ % ¥ L v

B4 b & 4 - ¢+ &

4 ¥ % 1 b a4 = 9

LI B B BN R I
R " YA N A"
P 4 ¢4 4=
“ 8% 8 AN P
LS I T N R I
® % ® Y Yy amp

LI I B N IR I
[ BT I B
¢ 7P &4 % g = s w»
« F % 3R B4

4« & 2 02 b & &=

a o uw bt vy
« ¢ » 9 4 F S F B P
T " ¢ PF 4 a0 Pt it A=y
m- s & u » » B R & F 0 % F & R

4 § = § % » % & n
® % & % u ¥ ==y
a0
% 48 P 4 v =

T " = " P an

T % &N AV oas
LR
$ % % A NP9
R & 4 A s mm =
d & & 1 *

§ 4 P u mm =

[ ] " 4 v B & & &P * 2 s

¢« 4 4 uw 4
+« & B 4 b 4 4 & &

B & & = = u ¢ =n o 1T P 9 » a

k& a4 P v

| N I I |
[ B L B S S I B I )

vy R P Fr =
" 4 0 # * ¥ » u »

" 4 L B S & ¢ N

N % %  F a o mnm

A s & 4§ ¢ v 2 2w

a 4 &4 ¥ & & w a -

Plane of polarization

~
L
=
=

A=

ad




CA 02496235 2005-02-04

o
=
—

20

o

» ¥ ¢ ¥ ¢ 4 9

® 4 & 4 % & b a

4. » 4

F T % ¢ 9 ¢ &2 ' F bk » 2

4 & # » = 2 2 u ® ¥ » 4 4 &4 » &

A4 ¢ ¢ % E Ao o & & = » ¥ o v @®

* 9 & % F o
* 4 ¢ ¢ 2 s oy

] 9 4 & & 9 ¥ K »

LI

4+ R p o1

¥y = & 3

v S " ¢ ¥ T TP
d &

P 8§ ¢+ 4

¢« P B %» % B % & b &

¢ & F & % & %" P P 4

Plane of polarization

Bt e s e e v ————— D R T,



CA 02496235 2005-02-04

¢« ¢ A bt by b
4 1

d B b & B R & 8

v v m a & % §
® 4 B & v v " ® 4 4N
- W W e 9N sy YYEY Y
4 2 4 d » v u FF AP YN S r S
]

L
- a » v P & 0 % 5 2 pd = % 2=
4+ ¢ F 4 8 % ¢4 4 a4 sy
¢ & & &

4 § R & 4 = ¢ e

¢ ¥ = o = p = = s v P é0re
t & & F 4 ¥ 4 ¢ R ¥ AN N8
» & m m g =m a = & 8§ 5 8 G

a8 4§ B § &PV PN
& B &% 0 % 8 % &% & v b aa

"= p e " R Y PP SEPFEFTPARSR
a %% 4 %Lt b4 =
¢ 9 &= Bk BB NS R EDEe
- w w w s %% Wy v

» 4 @4 4 & " & » ¢ P ud wu D

" e u e s s$h QD
T " e e a
® % & b & & AN
'"EEEEERERY

* &« a4 % n b A2
4 & 4 B 0 2
P ¢ v 4 4 0
= «+ B § B &4 8 L ¢ @

¢ 4 ¥ 9w b e ot

4 ¢ B B & 0 p ¥ + ¥ 2

s ¢ 0

P& % 44 b Qv A se s
W " % T RSN P en nw
4 & &a p a g s h e hqg e =
Ha ® & B d a9 h ba v

PR EEEEEE N I
@ % % " %Y W8 &N
NN I I I BN
EEEEEEEEREEFYENER

O 2 » 3 a4 v a s EeadNENDS
A m 4 #» » » A m = m % "% 8 &0
«a a ¥y ¢ % 0L 4P

B % & 4 % &4 » v v = " v anug
= % % 9 % % b T S AV LU PR

s g =2 9 % % 9 E P H»FF TR
4 « =m «a m = % & & 8% &4 8
W N FTY XYY RNETE NP
4 » = » &4 ¥ = » = u F R € 4 & u Yy

¢ ¢ 7 & ¢ 4 ¢ 4 0P LD

& m m v > = p % 9 v
» 4 & &4 v v s uw b WU LD
" W m = m = 2 = e B % 80 a8y

«- ® 4 4 % ® 8 &=~
& = a = m g % & % 8 ) 8 s pDo

« * = = uw % 4 & " &0
P e ¥ 4+ &0
« F % 4 & & 8 * & B = R & )
4 4 01 4 F # ¢+ ¢

R A s v rF N
- w a m = & % & &

L I I B I B B B

4 P arF %94 AR SeEa
= = 9y % % % B % 2" PFav
LR B TR DN N DN DN N DN B B D B I

« P L 401 ¢ 1D
y 4 4 4 ¢ ¥R & " ¥ P>
« v u v & 0 2 1 R %R b w0y
¢ A1 4 ¥ PN
4 ¥ % 4 8 ®

Plane of polarization

=)
o

B

23




CA 02496235 2005-02-04

01 2In31]

91

4!
Cl




CA 02496235 2005-02-04




CA 02496235 2005-02-04

1 21n31]

91

@ isEsEsEEERes

.v

>

Cl

01



CA 02496235 2005-02-04

€1 2In31

uoljeziie[od snnuwig jo 9[suy

l

ﬁlw Cl

&
)

001

() UOISSIWISURI], 9



CA 02496235 2005-02-04

p1 2n3i]

L1




CA 02496235 2005-02-04

G am3r]

UoneZIIR[0J snjnuins Jo [suy

dpe———————————————————————

a8

&
—
v

() uolssiwisue1] 9



CA 02496235 2005-02-04

9] 2In31]

uonezuejod snjnuwing Jo A[suy

r————————————————————————————>

¢l

&
.
.
d
e
N
L
|
o
_
-
.
N
N
L
_

&
g

001

(61) 29ULI[PY %



CA 02496235 2005-02-04

2
Figure 17




CCD

48

44

CA 02496235 2005-02-04

Figure 18






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - abstract drawing

