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PAIR OF CONCAVE MIRRORS FOR
PROJECTING NON-INVERTED REAL
IMAGES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to currently pending U.S.
Provisional Patent Applications 60/947,790, entitled,
“Method and Apparatus for Projecting an Image in Free
Space”, filed Jul. 3, 2007, and 60/949,668, entitled, “Method
and Apparatus for Projecting an Image in Free Space”, filed
Jul. 13, 2007, the contents of which are herein incorporated
by reference.

FIELD OF INVENTION

This invention relates to a method and apparatus for creat-
ing a three-dimensional illusion of an object by projecting a
real image reflection into free space. Specifically, the inven-
tion is a method and device comprising a series of mirrors to
reflect an image into free space.

BACKGROUND OF THE INVENTION

For hundreds of years, people have seen their reflection
behind the mirror. A person standing three feet from a con-
ventional mirror is required to focus six feet in front of him-
selfto view the reflection, as the image travels three feet to the
mirror and three feet back to the user. Over 75 million Ameri-
cans are near sighted. Near sighted individuals lack the ability
to focus on distant objects, and for such people, a reflection is
lost or blurred. Typically, a concave mirror is utilized to
project an image into space.

There are many devices which use the reflective properties
of optics to project a real image reflection of an object into
free space. These images have been used to create optical
illusions and special effects for entertainment. The images are
created by light, reflected off a real object, which is focused to
aregion of space. The convergent light results in a real image.

Insome of these devices, a concave mirror is used to project
animageto an observer. For example, U.S. Pat. No. 3,647,284
uses two opposing parabolic concave mirrors to project an
object at one focal length to the other focal length. The real
image ofthe object is projected through a small aperture in the
surface of one mirror. U.S. Pat. No. 5,257,130 projects a real
object to an observer using two concave, offset surfaces. The
image is reflected off each concave surface once; a first time
to collect light from the image and reflect the light in parallel
rays, and a second time to refocus the light at a point, creating
a real image.

Many of the described devices are incapable of producing
images that appear located in space beyond the mirrored
device or require large concave mirrors with a large radius to
project a reflection away from the mirror configuration. Addi-
tionally, many devices require the object be positioned at a
strict location and likewise constrains the location of the final
real image reflection.

The enumerated constraints limit use of these devices, and
preclude use by the general public due to the complexity of
the design. Accordingly, there exists a need for an improved
image projecting device that provides three-dimensional real
images in a user-friendly manner.

SUMMARY OF THE INVENTION

The present invention utilizes a pair of parabolic mirrors to
provide a projected real image to an observer. The device
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projects a reflection in front of the mirror, allowing an
observer to focus on a reflection much closer to his face. Two
concave mirrored surfaces provide three internal reflections,
creating a non-inverted real image reflection of the observer.
The device utilizes optic principles dictating the magnifica-
tion, orientation, and position of an image based on where an
object is placed in relation to a concave mirror’s focal point
and the radius.

The present invention comprises two concave mirrors
which face each other and lie on the same optical axis. The
distance between the vertices of those concave mirrors is
greater than the focal length and less than the radius of each
mirror. Thus, then when an object is placed a distance greater
than the radius of the concave mirror configuration, then a
minified non-inverted real image is created in between the
focal point and the radius. The formation of the non-inverted
real image requires three reflections off the concave surfaces.
By varying the distance between the two mirrors, the device
does not require large mirror to project the real image away
from the mirror to the observer.

The observer views the mirror from a position beyond the
center point of the first concave mirror creating an inverted
real image reflection, which is reflected off the second con-
cave mirror to produce a still-inverted magnified virtual
image reflection. The magnified virtual image is then
reflected off the first concave mirror, producing the non-
inverted real image reflection. The location of the final real
image reflection can be controlled by the distance between
the two concave mirrors. The distance of the projected image
is a function of the distance between the two mirrors.
Decreasing the distance between the two concave mirrors
projects the final real image reflection further away from the
device. The result is confirmed by analyzing the optical trans-
fer functions of the device. Combining the optical transfer
functions for drift space and a reflection off a concave surface,
yielding the location of the real image reflection.

The distance between the two concave mirrors is not
required to be equal to the radius of curvature. Varying the
distance between the two concave mirrors, the resulting trans-
fer matrix indicates the location of the real image created is a
direct result of the length of the distance between the vertices
of the two mirrors. Further, the location of the real image is
related to the radius of the concave mirrors and the distance
between vertices.

Two parabolic concave mirrors share a common optical
axis, with the distance between the vertices of these parabolic
surfaces ranges from the focal length to twice the focal length.
The mirrors may use the same size focal length or may have
varying focal lengths where mirror 1 has a larger focal length
or mirror 2 has the larger focal length. Depending on the
distance an object is located from the vertex of the concave
mirror, a real image would be projected in-between the object
and the concave parabolic mirror configuration. Since both
parabolic concave surfaces share a common optical axis, both
the object and projected real image lie in the same optical
axis. The device projects a real image reflection of an
observer to him or herself and uses three reflections off two
concave surfaces.

The real image reflection generated by the optical configu-
ration can be composed of the various types from the conical
family of curves whether that shape is spherical, paraboloic,
hyperbolic, or aspheric. Further, the optical device can com-
bine different conical forms in the same system in order to
optimize the optical configuration. Thus, variations in the
conical shapes can be utilized as in the case of a Mangin
Mirror.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken in
connection with the accompanying drawings, in which:

FIG. 1 depicts an image reflection off a parabolic mirror,
where the source-object is beyond the focal point of the
mirror.

FIG. 2 depicts an image reflection off a parabolic mirror,
where the source-object is between the mirror and focal point
of the mirror.

FIG. 3 depicts a cross section view of the invention using
two, equal-sized concave mirrors. The mirrors are two focal
lengths apart.

FIG. 4 depicts a cross section view of the invention and the
intermediary images created from reflections between the
two, equal-sized concave mirrors. The mirrors are two focal
lengths apart.

FIG. 5 depicts a cross section view of the invention and the
intermediary images created from reflections between the
two, equal-sized concave mirrors. The mirrors are closer than
two focal lengths apart.

FIG. 6 depicts a cross section view of the invention and the
invention using one full mirror and a second, fragmentary
mirror.

FIG. 7 depicts a cross section view of the invention and the
intermediary images created from reflections between the one
larger (by focal length) concave mirrors and one smaller (by
focal length) concave mirror.

FIG. 8 depicts a cross section view of the invention using
one concave mirror and a flat mirror to create a virtual second
mirror.

FIG. 9 depicts a cross section view of the invention and the
intermediary images created from reflections between the
two, equal-sized concave mirrors where the mirrors are
aligned to produce five reflections.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the present invention, “inverted” means the orientation
of the image in relation to the source-object, and does not
address the manner of reflection in the mirror. For example,
image reflects off a concave mirror, flipping the object to
produce areal image. As the image is flipped, in relation to the
source-object, and therefore is an inverted image. However,
should this inverted image strike another concave mirror,
thereby flipping the image a second time, this image is
described as non-inverted.

The present invention relies on the defined characteristics
of reflective optics. FIG. 1 depicts first concave mirror 1, with
radius 2 and focal point 3. Placing object 4 farther from radius
2 of first concave mirror 1 produces a miniaturized, inverted
real image 5 between radius 2 and focal point 3. However, if
object 4 is placed closer to first concave mirror 1 than focal
point 3, a non-inverted, enlarged virtual image 6 is created, as
seen in FIG. 2.

The device comprises first concave mirror 1 oriented on
common optical axis 8. Second concave mirror 7 is disposed
adjacent to first concave mirror 1 on common optical axis 8,
with the reflective surfaces facing each other, seen in FIG. 3.
The distance between first vertex 9 of first concave mirror 1
and second vertex 10 of second concave mirror 8 may range
from one to two focal lengths. Once object 4 enters the focal
range of the device, determined by the distance from the
vertex of the concave mirror, real image 11 is projected in-
between the object and the concave parabolic mirror configu-
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ration. Since both parabolic concave surfaces share a com-
mon optical axis, both the object and projected real image lie
in the same optical axis.

The device uses two mirrors to generate three reflections in
forming real image 11. As seen in FIG. 4, object 4 enters the
focal range of the device and the image of object 4 strikes first
concave mirror 1 producing inverted, real image 12. The
inverted, real image is focused between second vertex 10 and
the focal point of second concave mirror 8, and serves as the
source/object for the second concave mirror. Second concave
mirror 8 produces inverted, magnified virtual image 13.
Inverted, magnified virtual image 13 is reflected back to first
concave mirror 1, focusing as an image behind first concave
mirror 1. This image serves as the source/object for first
concave mirror 1, producing real image 11, which is non-
inverted and miniaturized image of virtual image 13. In some
embodiments, the constructed device is 2 ft tall, 1.5 ft wide,
and 0.5 ft deep. This allows the device to project an image 2
ft from a user when the user stands 4 feet in front of device.

The location and magnification of final real image 11 in
FIG. 4 can be calculated from optical matrix transformations.
The reflection matrix for a concave mirror is equal to Eq 1,
where r is the radius of the concave mirror.

1 0
[Z/r 1]

The matrix for drift space is shown in Eq 2.

o]

Describing the current optical system using matrixes in Eq
1 and Eq 2 provides Eq 3, where i represents the distance from
the real image to the first concave mirror and d is the distance
from the object to the first concave mirror.

o iz illo Vo ]
F P Y

The resulting simplified transfer matrix is shown in Eq 4.

Eq 1

Eq 2

Eq 3

L 2i  2di+dr+ir Eq 4
e e
2d
_z 1=
r r

The A matrix term represents the magnification of the final
real image. To yield a magnification of +1, i’s value is
required to be -r. The B matrix defines the location where the
rays become focused. Substituting —r for i into the B matrix
and solving for d, when the B matrix term equals 0, yields a
value of d equal to -r. Therefore, when the distance between
first vertex 9 and second vertex 10 is equal to the radius and
when an object is placed at a distance equal to the radius from
first concave mirror 1, a real, non-inverted image is produced
with magnification of +1 located at a distance equal to the
radius. Therefore, where the distance between the mirrors
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equals the radius of the mirrors, the final real image 11, forms
at the same location as object 4.

The distance between the vertices of the mirrors is not
required to be equal to the radius of the concave mirrors as
shown in FIGS. 1 through 4 and as expressed in Eqgs 3 and 4.
The distance between the vertices could actually be in
between the focal length and the length of the radius, seen in
FIG. 5. Manipulating the distance between first concave mir-
ror 1 and second concave mirror 7, allows manipulating of
both the position and size of real image 11. To maximize the
size and projection distance from first concave mirror 1, sec-
ond concave mirror 7 is disposed such that its vertex lies
substantially on focal point 3. Increasing the distance
between first concave mirror 1 and second concave mirror 7
causes the final image to be projected closer to first concave
mirror 1 and at a reduced size. As the distance between the
vertices decreases from the length of the radius to the focal
length the location of the real image created exists further and
further from the device.

The location of the real image created by the optical system
depends directly on the length of the distance between the
vertices, d in Eq 5. Redefining the transfer matrix to allow a
variable distance d to represent the distance between the
vertices results in Eq 5 where i represents the location of the
object and created image and r represents the radius of the
concave mirrors.

o iz sflo L
F Y P

When Eq 5 is solved and the condition for the A matrix to
beequal to +1, the location of the real image created is a direct
result of the length of the distance between the two vertices.
Eq 6 shows the relation between the location of the real image
with respect to the radius of the concave mirrors, r, and the
distance between vertices, d.

Eq 5

B dxr
T2 -r

. Eq 6
i

Using the resulting transfer matrix of Eq 5 to calculate
when the real image focuses to a point (the B matrix terms
goes to 0) also results in the same solution of Eq 6.

Therefore, the magnification of an object located beyond
the radius of the concave mirror can be made to be equal to +1
simply by increasing or decreasing the distance between the
vertices of the concave mirrors as defined by Eq 6.

The entire concave surface, whether spherical or parabolic,
is not required to form the real image. Depending on the
placement of the original object, a fraction of the concave
minor is required to produce the real image, as seen in FIG. 6.
Object 4 is reflected off first concave minor 1, second concave
minor 7 and again off first concave mirror 1 to generate final
realimage 11. As only a portion of the concave surface is used
to generate the reflection, the real image reflection is likewise
limited in the range it is visible. Some rays that would have
been reflected to produce a full real image reflection are
cut-oft. However, only a fraction of those rays are required to
produce a reflection visible from a particular angle. There-
fore, the reflection is limited to a particular viewpoint decided
by the placement of the concave minors and the fractional
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section of mirrors utilized. In addition, the second internal
reflection was previously assumed to create a magnified vir-
tual image reflection.

Previously, the optical configurations have utilized two
concave mirrors comprising identical focal lengths. However,
by changing the focal length of one or both of the concave
minors, the location and magnification of the real image
projection can be manipulated. Turning to FIG. 7, second
concave mirror 7 has about a 25% smaller focal length than
the first concave mirror 1. Object 4 creates an inverted real
image 12 between focal point 3 and second vertex 10. Second
concave mirror 7 creates a greatly magnified virtual image 13,
which reflects off first concave mirror 1 to create non-inverted
real image 11. In this embodiment, the final real image reflec-
tion is larger than if two identical focal length concave mirrors
were used, however, the location of the real image reflection
is deeper within the optical device. When second concave
mirror 7 has a focal length larger than the focal length of first
concave mirror 1, real image 11 is smaller than the magnifi-
cation shown in FIG. 7, but the location of the real image
reflection is farther outside the optical device. Thus, the dis-
tance between the two concave surfaces whether they have
the same focal length or not can adjust the magnification and
location of the final real image reflection anywhere from
several inches from within the optical configuration to several
feet outside the optical configuration, regardless of whether
the focal lengths of the concave minors are identical.

Noting the symmetry in the various optical configurations
presented, a flat mirror can be placed along the axis of sym-
metry to generate a virtual concave mirror. Turning to FIG. 8,
flat minor 15 is facing first concave mirror 1, creating a virtual
second concave minor 7. Object 4 creates real image reflec-
tion 12 that is located behind the flat minor 15, between flat
minor 15 and virtual vertex 10 of virtual second concave
minor 7. Virtual second concave mirror 7 creates a magnified
virtual image 13, which reflects off first concave mirror 1
creating final, non-inverted real image 11.

The device described thusfar utilizes three reflections to
generate a three dimensional image. A real image reflection
can also be generated from five reflections off the concave
surfaces as seen in FIG. 9. Object 4 is disposed on the same
optical axis 9 of concave mirror 1 and concave minor 7.
Object 4 is first reflected off the first concave mirror 1 to
create real image 12. Since real image 12 is located behind
second concave minor 7, a second real image 16 is generated.
Second real image 16 is located between the first vertex 9 and
focal length 3, thereby generating virtual reflection 17,
located between the focal length of second concave mirror 7
and center 18 of second concave mirror 7. Virtual reflection
17 reflects off second concave mirror 7 generating real image
19, located behind first concave mirror 1. Because real image
19 is located behind first concave minor 1, the final fifth
reflection generates real image 20. Like the three-reflection
embodiment, changing the distance between the two concave
mirrors results in different locations of the final real image
reflection. The smaller the distance between the two concave
mirrors, the further out the real image reflection is projected
from the concave minors.

Also as proven in the previous embodiment with three-
reflections, only a portion of the concave mirrors is required
to generate the real image reflection, understanding that the
real image reflection would be confined to a particular view-
ing angle.

Itwill be seen that the advantages set forth above, and those
made apparent from the foregoing description, are efficiently
attained and since certain changes may be made in the above
construction without departing from the scope of the inven-
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tion, it is intended that all matters contained in the foregoing
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention which, as a matter of language, might be said to
fall therebetween. Now that the invention has been described,

What is claimed is:

1. An optical device consisting essentially of:

a first concave mirror with a focal point on an optical axis;

asecond concave mirror aligned on the same optical axis as

the first concave mirror, such that the reflective surface
of'the first concave mirror faces the reflective surface of
the second concave mirror;

whereby the second concave mirror is disposed in relation

to the first concave mirror such that the first concave
mirror and second concave mirror produce a non-in-
verted image; and

an object disposed beyond the focal point on the first con-

cave mirror.

2. The device of claim 1, wherein the first mirror and the
second mirror are disposed between one and two focal
lengths.

3. The device of claim 1, wherein the distance between the
mirrors is equivalent to the radius of at least one mirror.

4. The device of claim 1, wherein the first mirror is a
fragment of the group consisting of a sphere and a parabola.

5. The device of claim 1, wherein the second mirror is a
fragment of the group consisting of a sphere and a parabola.

6. The device of claim 1, wherein the first mirror and
second mirror are disposed to reflect an image three times
before projecting the image.

7. The device of claim 1, wherein the position and size of
the non-inverted image is adjusted by altering the distance
between the first mirror and the second mirror.

8. The device of claim 1, wherein the first mirror and
second mirror are disposed to reflect an image five times
before projecting the image.

9. The device of claim 1, wherein the first concave mirror
and second concave mirror are selected from the group con-
sisting of spherical mirrors and parabolic mirrors.
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10. The device of claim 1, wherein the first mirror and
second mirror are disposed to reflect an image three times
before projecting the image.

11. The device of claim 1, wherein the first mirror and
second mirror are disposed to reflect an image five times
before projecting the image.

12. The device of claim 1, wherein the first mirror and
second mirror have different focal lengths.

13. A method of projecting a three dimensional reflective
image consisting essentially of:

providing a first concave mirror on an optical axis;

providing a second concave mirror aligned on the optical

axis, such that the reflective surface of the first concave
mirror faces the reflective surface of the second concave
mirror;

placing an object beyond the focal point of the first concave

mirror; and

adjusting the second concave mirror in relation to the first

concave mirror such that the first concave mirror and
second concave mirror produce a non-inverted image of
the object.

14. The method of claim 13, wherein the second mirror is
adjusted such that the vertex of the second mirror is disposed
in proximity to the focal point of the first mirror.

15. The device of claim 13, wherein the position and size of
the non-inverted image is adjusted by altering the distance
between the first mirror and the second mirror.

16. The device of claim 13, wherein the first concave mirror
and second concave mirror are selected from the group con-
sisting of spherical mirrors and parabolic mirrors.

17. The device of claim 13, wherein the first mirror and the
second mirror are disposed between one and two focal
lengths.

18. The device of claim 17, wherein the distance between
the mirrors is equivalent to the radius of the mirrors.

19. The device of claim 13, wherein the first mirror is a
fragment of the group consisting of a sphere and a parabola.

20. The device of claim 13, wherein the second mirror is a
fragment of the group consisting of a sphere and a parabola.
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