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HALF-ROUND TOTAL INTERNAL
REFLECTION MAGNIFYING PRISM

BACKGROUND OF THE INVENTION

This invention relates to basic geometric optics. It teaches
that two optically reflecting parabaloidal surfaces that share
a focus with optical axes in opposite directions form a
magnifying system.

DESCRIPTION OF PRIOR ART

Optical systems can be constructed using the science of
geometric optics from lens, mirrors, and prisms. Lens are
generally curved and modify the path of light by refraction.
Mirrors may be curved or flat and modify the path of light
by reflection. Mirrors are generally made of glass coated
with a thin layer of a shiny metal. Some energy is always lost
when light reflects off this metal surface. Prisms such as a
corner cube modify light by reflecting it off air-glass sur-
faces, sometimes multiple times. A corner cube uses total
internal reflection off two “back” surfaces to act as a mirror.
No energy whatsoever is loss due to the phenomenon total
internal reflection under normal circumstances.

There are a huge number of optical systems that employ
combinations of mirrors, lenses, and prisms to act as a
telescope. A telescope constructs a generally magnified
image of a distant object. A microscope is a closely related
optical system that constructs magnified images of near
objects.

Any optical system that does not employ gradual changes
in the index of refaction of materials can be analyzed in
terms of its surfaces. These surfaces can be refractive, in the
case of a lens, or reflective, in the case of a mirror. A typical
surface, such as the interface between a piece of glass and
air, is generally both reflective and refractive depending on
the angle and nature of light based on Fresnel’s equations.
See for example Hecht and Zajac “Optics” 1974, Addison-
Wesley Publishing Company, as a basic optics reference.

U.S. Pat. No. 5,699,186, Richard, Fred V. demonstrates
multiple reflections inside a prism due to internal reflection,
at least some of which are by curve surfaces, as in the TIR
mag prism. U.S. Pat. No. 6,049,429, lizuka, Toshimi, and
Ishino, Toshiki also teaches the use of curvature on the back
side of a prism to produce focusing power. U.S. Pat. No.
6,366,411, Kimura et al. teaches the use of three curved
surfaces providing total internal reflection to shape a wave-
front with focusing power with great compactness. U.S. Pat.
No. 6,163,400 clearly teaches the use of several internally
reflecting surfaces to shape a wavefront, though it appears to
also use precisely curved surfaces at the entrance and exit
pupils, a feature not required by the TIR mag prism.

In the field of non-imaging optics, the goal is generally to
collect energy into a small place without necessarily main-
taining an image. There have been many inventions that
involve multiple optical systems of the same kind, often
reproduced in miniature in large number, for example U.S.
Pat. No. 5,644,431 by Magee, John Allen. An attempt to do
this is taught by U.S. Pat. No. 5,056,892, by Cobb, Jr;
Sanford. A system of telescopes (U.S. Pat. No. 4,483,311
Whitaker) have been arrayed together in sheets to collect
solar energy. This sun-facing surface of this system consists
of convex lenses that may be expected to be harder to
maintain and clean than a flat plane.

The value of feeding solar energy directly into a light
pipe, such as optical fiber, has been recognized and taught by
the aforementioned patents by Cobb and Whitaker, and also

www fastio.com

10

15

20

25

30

35

40

45

50

55

60

65

2

by U.S. Pat. No. 4,828,348, by Pafford. U.S. Pat. No.
4,955,687, by Pafford, teaches a Cassegrain telescope feed-
ing into a light pipe, and a means of feeding several light
guide sources into one pipe, but does not appear to consider
the fundamental physical limitation that the acceptance
angle of a light pipe imposes. Further, the many popularly
known attempts to concentrate solar power with a dish-
shape mirror into a central mirror or receiver of some kind
all suffer from the disadvantage of blocking at least a small
fraction of the sun’s energy with the central, front-of-the-
mirror receiver and the necessary structure to support it.
Vignetting by a central obstruction is a disadvantage of
many traditional reflective optical systems.

Electromagnetic radiation at very high frequencies, such
as X-rays, cannot be manipulated with typical optical sys-
tems but can be reflected off special mirrors if the angle of
glancing is low (for example, 1 degree.) To image X-rays,
telescopes quite different than optical frequency telescopes
had to be developed. Glancing Incidence telescopes are a
class of telescopes that apply low glancing angles to produce
a real image of radiation. Examples include a design by
Kirkpatrick-Baez, 1948, and an improvement by Wolter,
1951. The Kirkpatric-Baez design is similar to the TIR mag
prism in using two parabolic (not paraboloidal) surfaces.
These two are used to provide focusing power in orthogonal
directions. The Wolter design is similar to the TIR mag
prism in that the radiation direction is never reversed or
refracted, although the geometric configuration is entirely
different. U.S. Pat. No. 5,241,426 by Mochimaru, et. al.,
teaches the use of a paraboloid of revolution to form a
focused image of X-rays at very low glancing angles. This
could be considered the extention of normal parabolic
telescope objective mirrors to very high f-numbers and then
limiting the used area to that which will glance the incoming
rays at low enough angle to support reflection. All of these
systems consist of an objective mirror system only; that is,
the take a virtual image into a real image that can affect a
photographic emulsion. The TIR mag prism differs in many
ways but in particular by being an objective and an ocular,
that takes a virtual image to a virtual image, as a conven-
tional telescope does when an eyepiece is installed.

The value of a having a polygonal aperture capable of
tiling the plane so that a all of the available collector surface
can be used has been recognized by for example “Faceted
Concentrater Optimized for Homogenous Radiation” by
Andreas Timinger, Abraham Kribus, Pinchas Doron, Harald
Ries, Applied Optics Vol. 39, No 7, 1 Mar. 2000, p. 1152,
which works with the now-classic compound parabolic
collector.

BRIEF SUMMARY OF THE INVENTION

My invention, the half-round total internal reflection
magnifying prism, called TIR mag prism in short form, has
the objective of modifying the path of light without loss of
energy or brightness due to reflection from a mirrored
surface nor from the partial reflection that occurs at every
refractive interface. In particular, it transforms a virtual
image at one end of the prism into a virtual image of a
different size at the other end of the prism. Being potentially
made of a single unbroken piece of transparent material,
such as glass or plastic, it may be more practically manu-
factured and employed for this purpose then magnifying
optical systems made of several lenses or mirrors, in addi-
tion to being more efficient due to having only total internal
reflection faces.
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The basic operation on the light the TIR mag prism
performs is the same as that performed by a telescope. Thus
the TIR mag prism can potentially be used as a telescope, to
form a magnified image of a distant object. More generally
it could potentially be used in opto-electronic devices as a
miniature one-piece optical pickup. Moreover, the basic
function can also be used to collect a signal or power into a
a smaller channel. Since the TIR mag prism has no lossy
medium-to-air interfaces, it may be very usefully employed
for coupling optical fibres carrying signals or power. Addi-
tionally, since the TIR mag prism has no entry face and no
exit face, it may be ideal for manufacture in mosaic form
similar to lens arrays for the purpose of concentrating solar
power. Since light can move through any lens or prism in
both directions, the TIR mag prism can also be used to
diffuse or demagnify light if light is fed into the smaller end.

A further advantage of the TIR mag prism is that it has a
light path free of central obstructions. All economically
feasible reflecting telescopes have a so-called central
obstruction which holds the secondary mirror. This obstruc-
tion slightly decreases the light-gathering power of the
telescope and decreases its resolution due to the diffraction
of light around this central obstruction. It is an interesting
feature of the TIR mag prism that it has no such central
obstruction. Since in some emodiments it has no metallic
surfaces, it imparts no frequency specific transmission bias
due to the properties of the metal. This may make it an
optically useful astronomical telescope; it may also allow it
to be used for microscopic applications such as light-sensing
in consumer electronics or other sensometric applications.

An additional advantage is that it is an optical system
designed to rely on low angles of incidence, or glancing
angles. It thus may function with very high-frequency elec-
tromagnetic radiation, such as X-ray radiation, which is
technically above the frequency of human vision but still a
province of geometric optics in general. For example, the
Chandra X-ray Observatory uses a glancing metal mirror to
focus X-rays (since X-rays only reflect off metal at very low
angles). Further objects and advantages will become appar-
ent from a a consideration of the drawings and ensuing
description.

DRAWING FIGURES

FIG. 1 demonstrates the arrangement of two two-dimen-
sional reflecting surfaces.

FIG. 2 demonstrates the basic arrangement of two three-
dimensional reflecting surfaces.

FIG. 3 shows a cellular, internally reflecting two-dimen-
sional arrangement of reflecting surfaces and collecting
light-guides.

FIG. 4 shows regions that are completely totally internally
reflective and means of masking to obtain an aperture and a
prism of smaller aperture which magnifies and image with
only total internal reflection.

FIG. 5 shows a set of two-dimensional TIR mag prisms
with smaller apertured stacked in such a way that 100% of
the light incident on a plane can be transmitted without
internal loss to exit pupils.

FIG. 6 shows a face-on view of 12 three-dimensional TIR
mag prisms arranged in a 3x4 array, demonstrating an
approach to capturing energy from a large planar area with
an array of many cells.

FIG. 7 is a perspective view a two-dimensional image
collector capable of being stacked to tile a plane.
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4
SUMMARY

In accordance with the present invention, two optical
reflecting parabaloidal surfaces that share a focus with
optical axes in opposite directions form a magnifying sys-
tem.

DESCRIPTION—FIGS. 1 to 7

A typical embodiment of the magnifying system of this
invention is illustrated in FIG. 1. An image 10 consisting of
substantially parallel rays 20A,20B,20C,20D are intercepted
by a large parabolic surface 50. This surface corresponds to
the objective in a typical optical system. The rays 20A,20B,
20C,20D are reflected to near the focal point 60. The focal
point 60 is the focal point of the large, objective parabolic
surface 50, but is also the focal point of a smaller parabolic
surface 70. The smaller parabolic surface has an axis parallel
to but opposite that of the larger parabolic surface. The
smaller parabolic surface may be referred to as the ocular
surface traditionally. It is a static property of surfaces
arranged in this way that the reflections of the rays 20A,
20B,20C,20D will exit the system as a smaller, brighter
image 80 of the entry image 10 composed of rays 90A,90B,
90C,90D.

FIG. 2 shows an additional embodiment, in three dimen-
sions by contrast. In this embodiment, we use a solid
transparent medium such as glass to form the objective
reflecting surface 230 and the ocular reflecting surface 270.
This embodiment consists of a single object made of glass,
that I name a TIR mag prism. A ray of light or other
electromagnetic radiation 210 that is substantially parallel to
the optical axis of the TIR mag prism strikes an optical flat
surface of the TIR mag prism 220 that is perpendicular to the
optical axis of the prism. The ray enters the prism and strikes
the objective surface 230 at a point 240. It travels to near the
focal point of the objective 270. This point 270 is also the
focal point of the ocular 250. The ray passes through plane
between the objective and ocular 260, encased in glass at all
times and encountering no interface until it reaches the
ocular surface 250 at reflecting point 280. The reflection of
this ray exits the optically flat exit surface (not visible in this
perspective) as exit ray 290. In this drawing arrowheads
have been added to the ray to show travel in direction from
entry to objective to ocular to exit, but the choice of one
direction or the other as entry or exit is arbitrary.

FIG. 3 shows a preferred two dimensional embodiment
for solar energy collection in which an array of many prisms
laid adjacent to each other conducts light into as many small
light guides. Solar radiation strikes an optically flat surface
340 formed by a single piece of transparent material that is
structurally strong. This material holds together, without loss
of generality, in this example, three two-dimensional TIR
mag prisms similar to those shown in detail in FIG. 1, 360,
370 and 380. This single piece of solid or fused material
connects light-guides 365, 375 and 385 of a transpartent
material to the exit pupils of the three TIR mag prisms.

FIG. 4 shows a two-dimensional embodiment of a TIR
mag prism with the addition of an aperture baffle (light-stop)
that limits the passed rays to only those that are totally
internally reflected. The upper baffle is 410 and the lower
baffle is 415. Incident rays 420A,420B, and 420C substan-
tially parallel to the optical axis 430 enter the solid trans-
parent material through an optically flat surface 425. These
strike the objective 450 interface and are totally internally
reflected since they strike at an incidence angle greater than
the critical angle. The objective surface extends to the point
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455, the point where a ray strikes at the critical angle. The
critical angle is a function of the index of refraction of the
solid material comprising the TIR mag prism (probably
glass) and the outer material (probably air.) For realistic
materials the critical angle can be about 45 degrees. Since
the baffles 410 and 415 prevent rays from striking the
surface 457, that connects the objective surface 450 to the
exit surface 480, the surface 457 is not optically significant.
Similarly, no rays strike surface 459 that joins the entrance
pupil 25 to the ocular surface 470. The entry rays 420A,
420B and 420 reflect close to the shared focal point 460 and
reflect off the ocular surface 470 and out the exit pupil
surface 480, forming a smaller brighter virtual image than
the entry virtual image.

FIG. 5 shows a stacking of the two-dimensional TIR mag
prism limited to total internal reflection such that all light
incident on the entry surface is conveyed to the many exit
pupils without internal loss of energy. TIR mag prisms 510,
520 and 530 are shown stacked together so that substantially
100% of the light incident on the plane 540 that is substan-
tically perpendicular to the entry plane 540 is magnified and
transmitted without internal loss due to refraction or reflec-
tion to the multiple exit pupils, 515, 525, and 535 respec-
tively.

FIG. 6 shows a face-on view of a 3x4 array of 12
three-dimensional TIR mag prisms stacked together so as
the cover a plane that could be aimed at the sun or other
source of radiation. Each semi-circle (such as 610, 620 and
630 represents an aperture of a three-dimensional prism as
shown in FIG. 2. The rows 630, 640 and 650 represent a
similar set of apertures repeated in the vertical direction. All
of these apertures could be joined to a single, solid piece of
glass as those in FIG. 3.

FIG. 7 shows a single perspective drawing of a single cell
from FIG. 3, being two-dimensional and therefore of indefi-
nite length. However, it also shows the restriction to the total
internally reflecting part of the TIR mag prism demonstrated
in FIG. 4. The face 710 receives rays of light that bounce
from the parabolic surface 720 to a parbolic surface 750. The
rays then enter a light guide 760, to be conducted away to
a useful point. This light guide is draw in a wavy manner to
emphasize that it may be flexible and can have bends that are
not too sharp in it without loosing light. The surface 730 is
shown as being different from 750 in that no light strikes it
due to baffling, as explained by FIG. 4. Surface 740 similarly
does not participate in any reflections.

OPERATION

FIG. 1 demonstrates the basic optical configuration of two
reflecting surfaces which is the basis of this invention. FIG.
1 thus represents a two-dimensional embodiment, but it
could also be considered a cross-section of a three-dimen-
sional embodiment. The basic operation is to utilize the fact
that a parabolic reflecting objective Surface 50 brings all
rays that are close to parallel to the axis of the parabola 30
to a single focal point 60. This is precisely the way a
conventional Newtonian telescope works, except that tradi-
tionally such telescopes use a symmetric parabolic surface,
and use only the portion at the bullet-shaped tip of the
parabola, so that in a traditional telescope the mirror is not
so sharply curved as in FIG. 1. However, the TIR mag prism
places the ocular reflecting surface 70 across the optical axis
from the objective. This allows the entire aperture of the
objective to usefully collect light, as there is no central
obstruction as there is in a typical Newtonian telescope. Of
course, in this arrangement, the objective could be consid-
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ered to be only half that of a traditional telescope, whose
objective would collect light from both above and below the
optical axis. This allows us to stack the TIR mag prisms
efficiently as described later and shown in FIG. 5.

The ocular is the same parabolic shape as the objective,
but on a smaller scale, and with its optical axis pointing in
the opposite direction. The focal point of the ocular 70 is the
same point as the focal point of the objective 60. Thus an
incoming ray that is perfectly parallel to the optical axis 30
that strikes the objective 50, such as for example rays 20A,
20B, 20C and 20D will be reflected to precisely the shared
focal point 60. They will travel unimpeded on to the ocular
reflecting surface 70. The parabolic shape of the ocular
reflects each ray precisely parallel to the optical axis. Since
the ocular is intentionally smaller than the objective in this
embodiment, the resulting rays form a brighter, smaller
virtual image 80 on their exit as rays 90A, 90B, 90C and 90D
of the original image 10 formed by rays 20A, 20B, 20C and
20D respectively. Thus the operation on perfectly parallel
rays is easy to understand.

However, in optics we must be concerned not just with
those perfectly parallel rays, but with rays which are at a
slight angle from the optical axis. For example, the sun in the
sky as seen from earth subtends an arc of about one-half of
one degree. Thus, if we seek to image the sun for the purpose
of collecting solar energy (which is one object and advan-
tage of this invention, though the invention is quite general)
we must understand what happens to rays one-fourth of one
degree above or below the optical axis. This is entirely
analogous to geometrical optical analysis of traditional thin
and thick lens and mirror systems, except for the unique
arrangement of reflecting surfaces under consideration in
this invention.

Incoming rays of light that are a small angle from the
optical axis will be reflected through a point close to but not
precisely the same as the focal point 60. These reflected rays
continue unimpeded until they strike the ocular reflecting
surface 70. Two rays that strike the objective at a given point
but at slightly different angles will thus strike the ocular at
two different points. The distance between these points will
depend on the angle with which the incoming rays differ and
also where on the objective they strike. Optical system suffer
from coma, an optical aberration created by the slightly
different lengths of the paths that rays take through the
system. In traditional optical systems, designers seek to
minimize coma. The optics of this invention have very high
comatic aberration, much more than a similar traditional
reflecting or refracting telescope would have. This aberra-
tion distorts the output image, but nonetheless the output
does form a virtual image that would be recognizable so long
as the incoming rays are relatively close to parallel with the
optical axis.

It is important to note that reflecting surfaces in FIG. 1 can
be formed in a variety of ways. For example, they could be
metalic mirrors formed from a shiny coating of aluminum.
Or, as will be seen later, these reflecting surfaces could
merely be the back surfaces of a glass-air interface, as in a
reflecting prism, and the the reflection could be from total or
partial internal reflection.

FIG. 2 shows the same invention in a three-dimensional
embodiment that demonstrates the use of a solid transparent
objects for forming the reflective surfaces. This whole object
could be considered a new kind of prism, in that it might be
made of a single solid chunk of transparent glass or plastic,
the whole of which could be utilized as a single, one-piece
telescope, albeit it with a semicircular field of view and an
unfortunate amount of comatic abberation. In this three-



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



