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[57) ABSTRACT

A telescopic kaleidoscope having a converging lens positioned
between the objective lens and the front ends of the mirrors.
The converging lens focuses the objective lens centraly on the
plane of the rear ends of the mirrors to provide substantialy
equa illumination of the kaleidoscope image aray. The array
can be projected onto a screen by a projection lens and the
kaleidoscope can be used as an attachment for a camera or a
projector.

24 Claims, 5§ Drawing Figures
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1
TELESCOPIC KALEIDOSCOPE

BACKGROUND OF THE INVENTION

This invention relates to kaleidoscopes, and moro particu-
laly, to a new and improved telescopic kaeidoscope which
can be used with cameras, projectors and the like.

Telescopic kaleidoscopes have, been used as amusement
devices and as sources of entetanment. Typicaly, such
kaleidoscopes employ an objective lens which is spaced for-
wardly from a pair of intersecting mirrors having reflecting
inner surfaces disposed in a *“V* shape configuration so that
the mirrors will reflect an image of a distant object formed a
the front ends of the mirrors by the objective lens and enable
an observer looking through the rear ends to see a radialy
symmetricdl aray of images of the object.

As amusement devices, telescopic kaleidoscopes have met
with great success. When used as a hand-held device to be
viewed directly by an observer's eye, present kaeidoscopes
seem to be quite acceptable as producing bright and symmet-
ricd image arays. Upon close examination of the aray, how-
ever, sverd defects in the aray become apparent.

One such defect is that of unequa brightness of the various
segments forming the array. It has been found that if telescop-
ic kaleidoscopes are atached to cameras, the resulting pic-
tures will have portions of the image aray overexposed and
other portions underexposed. This is atributable to the fact
that the light rays forming some segments of the aray undergo
more numerous reflections between the mirrors, and hence
travel greater distances, than the light rays forming other seg-
ments

It is well known that light diverging from a_point source
diminishes in intensity with increasing distance of travel, and
further, because of the increasing divergence of the light rays,
that some light is lost with each reflection by the mirrors. For
these reasons, it has traditionally been thought that unequal il-
lumination of the various segments of the image aray was in-
herent in al telescopic kaeidoscopes and was unavoidable.

While atempts have been made a overcoming this defect,
none have proved successful. One such attempt has been to
incline the principa axis of the objective lens relative to the
line of intersection of the mirrors of the kaleidoscope so that
more light dtrikes the mirrors. However, this results in extreme
defocusing of the array and thus has not been acceptable.
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sea and mirrors can be made adjustable to vary the size, inten-
sty and shape of the aray

DESCRIPTION OF THE DRAWINGS

FHG. 1 is an opticd diagram, in perspective, illustrating the
principles of the telescopic kaeidoscope of the presnt inven-
hon;

FIG. 2 is ‘an additional optical diagram, in perspective, of

10 the telescopic kaleidoscope of the present invention;

FIG. 3 is a longitudinal wiew through another form of the
telescopic  kaleidoscope of the present invention;

FIG. 4 is a longitudinal sectiona side view of the telescopic’
kaleidoscope of the present invention used as an atachment

15 for a camera; and
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Another attempt has been to make the mirrors very long. 45

Again, however, this has not proved acceptable since very lit-
tle light is then available a the rear ends of the mirrors and the
resulting array is quite small in size and of low overall
brightness.

From the above, it is apparent that there exists a need for a 5O

new and improved telescopic kaleidoscope which is capable of
producing a large and sharply focused image array having sub-
stantidly uniform image intensity throughout the various por-
tions of the array. The present invention solves this need in a
novel and unique manner.

SUMMARY OF THE INVENTION

The present invention provides a new and improved tele-
scopic  kaleidoscope capable of displaying a symmetricd  array
of images of a distant object in such a manner that al seg-
ments of the aray can be of substantialy uniform brightness,
yet be in sharp focus and of large size.

More specifically, the present invention provides a converg
ing lens preferably oriented with its principa axis paralel with
the reflecting surfaces of the mirrors, and placed adjacent the
objective end of the mirrors. The converging lens forms the
image of the objective lens of the telescopic kaleidoscope on
the plane defined by the ends of the mirrors remote from the
objective end, thereby to control the amount of light directed
onto the mirrors.

A projecting lens can be positioned at the ends of the mir-
rors remote from the objective end so that the image aray can
be displayed on a suitable screen. Further, the kaleidoscope
can be used as a camera or projector atachment and the jen-
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FIG. 8 is a sde elevational view, partly in section, of the
telescopic kaleidoscope of the present invention used as an a-
tachment for a projector.

DETAILED DESCRIPTION

As shown in the drawings, and more paticulally in RIG. 1
thereof, the present invention is embodied in a new and im-
proved telescopic kaleidoscope 10 having an objective lens 11
for focusing a distant object 12, herein'an arow, onto a set of
reflecting surfaces 13 disposed in a kaeidoscopic  configura-
tion. In this instance, the reflecting surfaces 13 are a par of
rectangular  mirrors 14 which are disposed in trough-shaped
configuration 45° from each other, and which intersect aong
their bottom edges 18 in a straight line, herein indicated by the
center line 16 and hereinafter referred to as the “mirror axis,”
0 & to form a “V”.

The' objective lens 11 has its principa axis coaxia with the
mirror axis 16 and is space forwardly of the front ends 17 of
the mirrors 14 in such a manner that it focuses a rea inverted
image 18 of the distant object 12 in the plane 19 of the front
ends of the mirrors, thii plane being hereinafter referred to as
the ‘“image plane” The mirors 14 reflect and rereflect the
red image 18 formed in the image plane 19 in such a manner
that an image aray 20 can be observed from the rear ends 21
of the mirrors, the observed image being a radidly symmetri-
ca aray of images of the distant object 12. In this case, there
ae a total of eight observed images, seven virtud images illus-
trated by dashed lines, and the one rea image 18, each virtua
image having a size substantially equal to that of the single rea
image and emanating radidly outwardly from a common point
defined by the intersection of the image plane 19 and the mir-
ror axis 16.

In order to see the virtual aray 20, the observer must look
into the space between the mirrors 14 from the rear ends 21,
hereinafter referred to as the “exit window,” and the observa
tion must be made near the mirror axis 16 to see a satisfactori-
ly symmetricd aray, as is wel known to those familiar with
the basic principles of kaeidoscopes. The observation should
dso be made as close to the plane 22 defined by the rear ends
21 of the mirrors 14, hereinafter referred to as the “exit win-
dow plane,” as possible to avoid loss of a portion of the virtua
aray 20 by vignetting.

As illustrated in RIG. 1, the virtual array 20 observed a the
exit window can be displayed on a generaly planar surface,
herein a viewing screen 23, by placing a projecting lens 24 at
the rear ends 21 of tbe mirrors 14 and focusing the image
formed by this lens on the screen. In this instance, the project-
ing lens 24 is digned with its principal axis aong the mirror
axis 16 so that a symmetrical real array of images 20’ is
produced on the screen 23 with the center of the red array 20°
lying on the mirror axis extended.

In accordance with the present invention, the telescopic
kaleidoscope 10 produces the real aray 20° of the distant ob-
ject 12 on the planar surface 23 in such a manner that al parts
of the red aray can be of substantidly uniform light intensity
and yet be of lage size and in sharp focus. To accomplish this,
the kaleidoscope 10 employs a converging lens 28, positioned
between the objective lens 11 and the image plane 18, which
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forms the image of the objective lens centrally on the exit win-
dow plane 22, and acts to bring together the otherwise diverg-
ing rays from the image and to “beam” them onto the mirrors
and toward the exit window 21.

With primary reference to FIG. 1, the converging lens 25 is
herein aligned with its principal axis coaxial with the mirror
axis 16 and is of a size sufficient to enclose that part of the real
image 18 derived from the objective lens 11 that lies within
the pieshaped segment defined by the front ends 17 of the
mirrors 14. To produce maximum light intensity in the real
array 20° formed on the screen 23, the projecting lens 24
should be of a size such that lines drawn from the rim of the
objective lens 11 crossing at the center of the converging lens
25 will fall within the rim of the projecting lens (see dashed
lines 26 of FIGS. 1 and 2).

Without the converging lens 25, a portion of the light rays
from the digant object 12 which are focused by the objective
lens 11 to form the real image 18 in the image plane normally
would not reach the reflecting surfaces 13 of the mirrors 14,
but would diverge away from the mirrors as indicated by the
phantom line 27 of FIG. 1. The converging lens 25 serves to
redirect these rays toward the mirrors 14, thereby to increase
the amount of light available for reflection and re-reflection to
form the real array 20' viewed on the screen 23.

For example, taking the schematic ray A of FIG. 1, without
the converging lens 25, this ray would travel without being
reflected down the space between the mirrors 14. Upon
reaching the projecting lens 24, the ray A would be bent to
help form the tip of the inverted image 28 of the real array 20
on the screen 23, Similarly, without the converging lens 25,
the schematic ray B from the distant object 12 would continue
along its path after forming the real image 18 and would not
reach lens 24 nor be incident on the reflecting surfaces 13 of
the mirrors 14. Thus, ray B would not be available to help
form the real array 20' displayed on the screen 23, With the
converging lens 25 of the present invention, however, light
rays which would otherwise be logt, are made useful by being
directed toward the exit window plane 22.

Again looking at ray A of FIG. 1, rather than being allowed
to travel draight down the space between the mirrors 14, this
ray is directed by the converging lens 25 onto the mirror axis
16 between the front and the rear ends 17 and 21 of the mir-
rors and is multiply reflected back towards the exit window
plane 22. Since the converging lens 25 focuses centrally on the
exit window plane 22, that is, the center of the image fidd is at
the paint of intersection of the mirror axis 16 and the exit win-
dow plane, ray A isincident on the mirror axis midway
between the front and rear ends 17 and 21 of the mirrors 14.

Thus, ray A is reflected from the mirror axis 16 as if it had
originated at point 29 of the array 20 observed in the image
plane 19. After reflection, ray A is focused by the projecting
lens 24 onto the screen 23 to help form the tip of the upright
image 30 of the real array 20'. In a generally similar manner,
ray B of FIG. 1, rather than being log, is focused by the con-
verging lens 25 onto the exit window plane 22 and is thus
made available to help form the inverted image 28 of the real
array 20'° on the screen 23.

It should be evident from FIG. 1 that the upright image 30
of the real array 20' formed on the screen 23 now receives
more light rays from the real image 18 than it normally would.
Therefore, a larger amount of light is now available to form
the upright image 30 of the real array 20', thereby making that
image considerably brighter than it would be in the absence of
the converging lens 25. Hence, light is redirected from the
otherwise brightest image 28 to the otherwise dimmest image
30 with the result that the totality of light is equally distributed
among all the segments of the real array 20'.

On the other hand, the inverted image 28 of the real array
20' now receives light rays which would normally have been
log without the converging lens 25. Thus, the inverted image
28 remains bright by receving relatively direct rays from the
digant object 12. However, by using previoudy unavailable
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help form the reflected images, such as the upright image 30,
of the real array 20'.

In the ideal case, the converging lens 25 should be placed in
the image plane 19 so that the converging lens will not affect
the real image 18 formed by the objective lens 11. However,
as shown in FIG. 2, this is not possible since all real lenses are
thick lenses. Therefore, the converging lens 25 must be pos-
tioned in front of the image plane 19, and be used to help the
objective lens 11 bring to focus the real image 18 of the distant
object 12 in the image plane.

Since the converging lens 25 helps the objective lens 11 to
form the real image 18, the objective lens can be of a small
sze and longer focal length, as illustrated in FIG. 2. By using
the smaller sized objective lens 11, the kaleidoscope 10 can be
made smaller overall without loss of brightness in the real
array 20' or sharpness of focus. Further, the objective lens 11
can be used to produce changes in the real array 20' by being
moved relative to the converging lens 25.

If a lens is raised or lowered relative to an object, the image
formed by the lens will follow the lens and will be raised or
lowered. Further, to ensure that the image formed by a lens
has maximum sharpness of focus, it is necessary that the plane
upon which the lens focuses the image be perpendicular to the
lens principal axis.

In FIGS. 1 and 2, the objective lens 11 and the converging
lens 25 are each coaxial with the mirror axis 16. With this ar-
rangement, the image plane 19 is perpendicular to the prin-
cipal axis of the objective lens 11 and the exit window plane
22 is smilarly perpendicular to the principal axis of the con-
verging lens 25. As long as the principal axis of both the objec-
tive lens 11 and the converging lens 25 are maintained axially
paralled with the mirror axis 16, the images produced in the
image plane 19 and the exit window plane 22 will each be in
uniform focus over the entire field.

In order that all images of the real array 20' have substan-
tially equal brightness, the converging lens 25 mugt focus the
objective lens 11 centraly on the exit window plane 22 with
the center of focus being at the point of intersection between
the mirror axis 16 and the exit window plane. If the center of
focus of the converging lens 25 is lowered or raised from this
paint, more or less light will be directed onto the reflecting
surfaces 13 of the mirrors 14. Thii effect will increase or
decrease the brightness of portions of the real array 20'.

For example, if the converging lens 25 center point of focus
is lowered S0 that no light travels down the space between the
mirrors 14 without being reflected, the inverted image 28
would be extinguished. Similarly, if the converging lens 25
center point of focus is raised so that no light is incident on the
mirrors 14, only the inverted image 28, the image formed of
the real image 18, would be observed on the screen 23, By
moving the center point of focus over the exit window plane
22, full control of the brightness of the individual images form-
ing the real array 20' can be achieved.

Movement of the center point of focus of the converging
lens 25 can be achieved by laterally shifting and by raising or
lowering the converging lens relative to the mirror axis 14.
The same result can also be obtained by varying the position

6o Of the objective lens 11 relative to the converging lens 25.

65

It is well known that if the object of a lens is raised or
lowered relative to the principal axis of the lens, a real image
formed by the lens will move in an opposite direction. That is,
the real image will be observed to be lowered relative to the
lens principal axis if the object is raised, and vice- versa.

The objective lens 11 is, in effect, the object of the converg-
ing lens 25 since the converging lens focuses the objective lens
on the exit window plane 22. Therefore, if the objective lens
11 s raised relative to the converging lens 25, more light will

70 be directed onto the mirrorsid since thiswill produce a

lowering of the image formed by the converging lens on the
exit window plane 22. Similarly, a lowering of the objective
lens 11 relative to the converging lens 25 will raise the image
in the exit window plane 22, and thus reduce the amount of

rays to form the inverted image 28, more rays are available to 75 light directed onto the reflecting surfaces 13 of the mirrors 14.
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Full control of the brightness of the red array 20° can be
achieved by adjusting the relative positions of either the objec-
tive lens 11 or the converging lens 25, or both. By raising the
objective lens 11 so that its optical axis is paralel to but not
coincident with the mirror axis 16, tbe red image 18 of the
distant object 12 will be raised in the image plane 19. This will
have the effect of lowering the center point of the image of the
objective lens 11 formed by the converging lens 25, relative to
the mirror axis 16.

To return the center point of focus of the converging lens 25
to the point of intersection of the mirror axis 16 and the exit
window plane 22, the converging lens may be aso be raised so
that it is axially parallel, but no longer coaxia, with the mirror
axis. Therefore, full control of not only the brightness but aso
the patern of the red array 20° can be achieved without loss
of sharpness of focus by adjusting the relative positions of both
the converging lens 25 and the objective lens 11.

In many applications, only the objective lens 11 will be
. made movable and both the converging lens 25 and the pro-
jecting lens 24 will be stationary relative to the mirror axis 16
and be coaxid therewith. In such applications, the converging
lens 25 and the projecting lens 24 need not be full circular len-
ss. Since the red array 20' is formed on the screen 23 only by
the use of the space between the mirrors 14, the only effective
aeas necessary for the projecting and converging lenses 24
and 25 are the pie-shaped segments lying between the reflect-
ing surfaces of the mirrors a the rear and front ends 21 and
17, respectively. Therefore, the size of the kaeidoscope 10
can be further reduced by employing only the required lens 3¢
segments.

This is aso of importance limiting stray light which is not a
pat of the desred red aray 20° from reaching the screen 23.
Of course, if full circular lenses are used for the converging

—_
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as are required to fill the desired area of the screen 23, as
shown by the phantom lenses 24'.

For example, in FIG. 3, the band of red images 20' includes
a tota of five images. Should however, it be desired tha the
band of red images 20' include only three images, the con-
verging lens 25 should focus the objective lens 11 over only
the first phantom lens extension 24' of the projecting lens 24
on each side of the actua projecting lens. This would then wutil-
ize dl of the light available from the objective lens 11 for, and
would provide substantidly equal illumination of, the desired
three image band 20' displayed on the screen 23.

As shown in FIG. 4, the kaleidoscope 10 can be used as an
attachment for photographic camera 31, either for a still
camera as illugtrated, or a movie camera. In thii instance, the
kaleidoscope 10 is housed within a two-part case 32 having a
front section 33 and a rear section 34 which is threaded to the
front of the camera 3L

The camera lens, designated generdly by reference numerd
24", preferably forms the projecting lens for the kaleidoscope
10 and focuses the image from the image plane onto a frame
of film 23 a the rear of the camera 31. The objective lens,
designated generally by reference numerd 11’, is preferably a
suitably corrected photographic objective lens, and should be
of a smal sze s that diagond lines drawn from the rim of the
objective lens will fal within the rim of the projecting lens
24", s illustrated in FIG. 4 by the dashed lines 35.

In the manner discussed above, the objective lens 11° and
the converging lens, herein designated 25', combine to form a

real inverted image of a distant object (not shown in FIG. 4),

and projecting lenses 25 and 24, suitable masks over the un- 35

required segments can be used to prevent unwanted light from
reaching the screen 23.

FIG. 3 illustrates another form of the telescopic
kaleidoscope 10 wherein the mirrors 14 are disposed in paral-
lel planes so that a straight band of rea images 20' is displayed
on the screen 23, as opposed to a radidly symmetrical red
aray 200 as in FIGS. 1 and 2. In this instance, the “mirror ax~
is' 16" is defined as a line parallel with the reflecting surfaces
13 and located midway between both mirrors 14 such that the
perpendicular  distance from the mirror axis to each mirror is
substantially the same.

The converging lens 25 in the embodiment of FIG. 3, as in
the embodiment of FIGS. 1 and 2, should form the image of
the objective lens 11 centrally on the exit window plane
defined by the rear ends 21 of the mirrors 14 to provide sub-
dantialy equa illumination of the individua images forming
the real band 20' displayed in the screen 23. However, there is
an additional requirement that the converging lens 25 image
the objective lens 11 on the exit window plane over as many
individual images of the virtud band 20 as are required to fill
the screen 23.

To provide maximum illumination of the individud images
displayed on the screen 23, the converging lens 25 must direct

40
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in the image plane at the front ends 17’ of the mirrors
designated as 14'. The mirrors 14’, in turn, reflect this image
?Td tgg projecting lens 24" focuses the resultant array on the
ilm 23

The objective lens 11' is preferably adjustable axialy of the
case 32 by any suitable means (not shown) so that objects at
varying distances from the case can be brought into focus at
the image plane. The projecting lens 24" can dso be made ad-
justable so that its principal axis can be shifted relative to the
mirror axis, herein designated 16", to shift the position of the
array within the frame of film 23’, preferably by means of a
diding mount (not shown) between kaleidoscope 10 and the
camera 31.

The converging lens 25 is mounted to the rear of the front
section 33 of the case 32 by a diding mount 36. A manualy
operated knob 37 attached to the diding mount 36 and ex-
tending through the case 32, enables the dliding mount to be
shifted relative to the case so that the principa axis of the con-
verging lens 25' can be raised or lowered relative to the mirror
axis 16". Thii dlows the operator of the camera 31 to sdlect
the relative brightness of the segments of the array focused on
the film 23 so tha some segments can be extinguished, or
substantially uniform illumination of al segments can be ob-
tained, as desired.

An iris diaphragm 38 is mounted behind the converging lens
25' to control the size of the array reaching the film 23". In this
instance, the diaphragm 38 is adjustable through a circum-
ferential ring 39 carried by the rear section 34 of the case 32.

more light rays from the distant object 12 onto the reflecting g Changing the size of the aperture of the digphragm 38 in-

surfaces 13 of the mirrors 14. In the embodiment of FIG. 3,
this is accomplished by expanding the area over which the ob-
jective lens 11 is focused by the converging lens 25 so that less
light travels straight down the space between the mirrors 14
and more is directed onto the reflecting surfaces 13.

The virtud band of images 20 formed by the pardle mir-
rors 14 extends indefinitely when observed from the the exit
window. However, in order to project the virtua band 20 onto
the screen 23, the projecting lens 24 should project only those
images from the virtud band 20 which will fill the desired 70
space on the screen. Thus, for equa illumination, diagona
lines drawn from the rim of the objective lens 11 which cross
as the center of the converging lens 25 should intersect the
exit window plane so that the enclosed space includes not only

65

creases or decreases the Sze of the real image formed by the
objective lens 11' in the image plane and thereby increases or
decreases the size of the array which is projected onto the film
23,

Each of the two mirrors 14' is independently mounted in a
cylindrical mount 40 carried by the rear section 34 of the case
32. An amnular projection 41 extends around the cylindrical
mount 40 and when turned, rotates the cylindricd mount so
that the mirrors 14 rotate together about the mirror axis 16"

Each mirror 14' is, in turn, individualy adjustable by a par of

circumferential  projections 42 extending through the wal of
the cylindrical mount 40 from a pair of mirror holders 43
mounted for rotation relative to the cylindricad mount.

If it is desired that the angle between the mirrors 14 be

the projecting lens 24 but also as many extensions of this lens 75 changed, for example to ater the number of individua images
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forming the aray, one or both of the mirrors can be rotated
about the mirror axis 16" by moving the mirror holders 43
through the projections 42. By increasing the angle between
the mirrors 14', for example, from 45* to 60°, the number of
images in the array will decrease from eight to six since the
number of images formigdg the array is equal to the angle
between the mirrors divided into 360°. Also, the mirrors 14'
can be adjusted in such a mamner that their reflecting surfaces
will be mutualy paralel with the mirror axis 16" so that a
draight band of images, as opposed to a symmetricd array,
will be projected into the film 23', as discussed above in con-
nection with FIG. 3.

Thus, the kaeidoscope 10 when used as an attachment for
the camera 31 can be made adjustable to conform with the
paticular camera requirements, and the aray captured by the
film 23 can be fully controlled as to the brightness of the in-
dividua images forming the aray and the size, and positioning
of the aray on the negative frame.

As illustrated in FIG. 5, the kaeidoscope 10 can aso be
used as an attachment for a projector 50. In this instance, the
projector 50 has a lamp 51 for illuminating a photographic
slide 52 through suitable condensing lenses 53. The
kaleidoscope 10 is attached to the front end 54 of the projec-
tor 50 and projects an aray of the slide 52 onto a projection
screen 23".

When used with the projector 50, the kaleidoscope 10 can
take a form substantially like that discussed above with
reference to its use as an atachment for the camera 31. With
the projector 50, however, the dide 52 forms the object of the
objective lens 11’ and therefore the case 32 is attached to the
projector a the forward end of the front section 33. A suitable
stand 53 can be added to support the kaleidoscope 10 when
attached to the projector 80, if necessary.

In use as an attachment for the projector 50, the
kaleidoscope 10 operates as discussed above to reflect the red
image of the dide 52 formed by the objective lens 11' in the
image plane and focus the resultant array onto the projection
screen 23", The array can be changed by controlling both the
position of the converging lens 25 and the spacing of the mir-
rors 14!, and the size of the array displayed on the projection
screen 23" can also be controlled by adjusting theiris
diaphragm ring 38 carried by the rear section of the case 32.

Alternatively, the dlide 52 can be placed between the iris
diaphragm 38 and the converging lens 25 rather than in the
projector 50. This will enable the kaleidoscope 10 to project
an aray of the dide 52 onto the screen 23" in a non-telescop-
ic manner. Similarly, by using movable pieces of colored glass
for the slide 52 and positioning them between the iris
diaphragm 38 and the converging lens 25, the kaleidoscope
10 can be used to project a colored array onto the screen 23"
like that of a non-telescopic kaleidoscope, yet fill be fully ad-
justable as hereinbefore described, and capable of achieving
substantially equal illumination throughout the projected ar-
ray.
ayFrom the above, it should be apparent that this invention
provides a new and improved telescopic kaleidoscope 10
which enables an image aray of a distant object to be pro-
jected onto a screen or other surface in such a manner that all
pats of the aray can be substantially equally illuminated and
be of large size and in sharp focus throughout the array.
Further, by virtue of the adjustability of the elements of the
kaleidoscope 10, the size, shape and brightness of the array
can be controlled as desired, thus enabling the kaleidoscope to
be used with photographic cameras and projectors to produce
effects never before possible

Throughout the foregoing discussion, the mirrors of the
telescopic  kaleidoscope have been shown and described in
either a V-shaped configuration (FIGS. 1,24 and 5) or in a
paralel configuration (FIG. 3). It should be apparent, how-
ever, that many different mirror configurations are possible
and that the paticular mirror configuration used condtitutes
no pat of this invention, except insofar as one or more mirrors
are required to be aranged in a kaleidoscope configuration to
produce a kaleidoscopic aray.
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For example, the telescopic kaleidoscope of this invention
may employ three mirrors aranged in a triangular pattern or
four mirrors arranged in a box-shaped pattern. Regardless of
the mirror arangement, or the number of mirrors, it will be
appreciated that the principles underlying operation of the in-
vention, as heretofore discussed, remain the same.

It dso will be apparent that while particular forms of the in-
vention have been illustrated and described, various modifica-
tions therein can be made without departing from the spirit
and scope of the invention. Accordingly, it is not intended that
the invention be limited, except as by the appended claims.

We dam:

1. In a kaleidoscope of the type having an objective lens
spaced forwardly from the ends of a set of mirrors having
reflecting inner surfaces disposed in a kaeidoscopic configu-
ration, and an opening adjacent the rear end of sad mirrors,
the improvement  comprising:

a converging lens adjacent the forward end of said mirrors
whereby the image of sad objective lens is focused (cen-
traly) on said rear opening.

2. The improvement as defined in clam 1 wherein:

a projecting lens is positioned adjacent said rear opening,
the principd axis of sad projecting lens being coaxid
with the line of intersection of said mirrors;

and the principal axis of said converging lens is paralel with
the principal axis of said projecting lens.

3. The improvement as defined in clam 2 wherein the prin-
cipal axis of sad objective lens is paralel with the principa
axis of said projecting lens.

4. The improvement as defined in clam 1 wherein:

a projecting lens is positioned adjacent said rear opening,
the principal axis of sad projecting lens being coaxia
with the line of intersection of said mirrors;

and the principa axes of said objective lens and said con-
verging lens are each coaxid with the principa axis of
sad projecting lens.

5. A kaeidoscope comprising:

a st of reflecting surfaces disposed in a kaeidoscopic con-
figuration and having front and rear ends defining front
and rear planes, respectively, said planes being
orthogonal to said reflecting surfaces;

an objective lens spaced forwardly of sad front ends and
focusing an image of a distant object on sad front plane;

and a converging lens adjacent said front ends, sad con-
verging lens forming the image of said objective lens on
said rear plane whereby the amount of light directed onto
sad reflecting surfaces from said objective lens can be
controlled by said converging lens.

6. A kaledoscope as defined in clam 5 including:

a generdly planar surface spaced reawardly from said rear
ends;

and a projection lens adjacent said rear ends, said projec-
tion lens focusing the image of said converging lens on
sad planar surface.

7. A kaeidoscope as defined in clam 6 wherein sad planar

surface is a projection screen.

8 A kaeidoscope as defined in clam 6 wherein sad planar
surface is a frame of photographic film.

9. A kaeidoscope as defined in clam § wherein the prin-
cipa axes of said objective lens and said converging lens are
each pardlel with said reflecting suface and with each other.

10. A kaeidoscope as defined in clam 9 wherein said con-
verging lens is adjustable in such a manner that its principal
axis can be shifted relative to said reflecting surfaces of said
mirrors.

11. A kaeidoscope as defined in clam 10 wherein said ob-
jective lens is adjustable in such a manner that its principa
axis can be shifted relative to said reflecting surfaces of sad
mirrors.

12. A kaeidoscope as defined in claim 9 including a pro-
jecting lens adjacent said rear ends, the principd axis of sad
projecting lens being paralel with said reflecting surfaces of
sad mirrors.

13. A kaleidoscope attachment for use with projectors,
cameras and the like comprising:
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an elongated housing having a projection end and an objec-
tive end,

a st of dongated reflecting surfaces mounted in said hous
ing between said projection end and said objective end,
said reflecting surfaces having front ends defining a front
plane and rear ends defining a rear plane, and sad reflect-
ing surfaces being disposed in a kaeidoscopic configura-
tion;

an objective lens mounted in said objective end of said
housing, said objective lens being spaced forwardly of
said front ends of said reflecting surfaces in such a
manner that areal image of a distant object can be
focused on said front plane;

and a converging lens mounted in said housing adjacent said
front ends of said reflecting surfaces, said converging lens
forming the image of said objective lens on said rear
plane.

14. A kaleidoscope atachment as defined in clam 13 in-

cluding:

a projecting lens mounted adjacent said projecting end of
said housing, the principal axis of ‘said projecting lens
being paralld with said reflecting surfaces-

15. A kaleidoscope attachment as defined in claim 14

wherein:

the principal axis of said objective lens is paralel with sad
reflecting  surfaces;

and the principa axis of said converging lens is pardlel with
sad reflecting  surfaces.

16. A kaleidoscope attachment as defined in claim 13

wherein:

sad reflecting surfaces are adjustable relative to each other;

and said objective lens is adjustable whereby the spacing
between said objective lens and said front ends of said
reflecting surfaces can be changed.

17. A kaleidoscope attached as defined in clam 16 wherein:

the principal axis of said objective lens is paralel with said
reflecting  surfaces,

and the principal axis of said converging lens is parallel with
said reflecting surfaces, said converging lens being ad-
justable in such a manner that the center point of focus of
the image of said objective lens on said rear plane can be
moved.

18. A kaedoscope attachment for a photographic camera,

comprising:

an elongated housing having a projection end and an objec-
tive end, said projection end being attachable to the
camera;

a st of eongated reflecting surfaces mounted in sad hous
ing between said projection end and said objective end,
said reflecting surfaces having front ends defining a front
plane and rear ends defining a rear plane, and said reflect-
ing surfaces being disposed in a kaleidoscopic configura-
non;

an objective lens mounted in said objective end of said
housing, said objective lens being spaced forwardly of
said front ends of said reflecting surfaces in such a
manner that areal image of a distant object can be
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10

focused on ad front plane;

and a converging lens mounted in said housing adjacent said
front ends of sad reflecting surfaces, said converging lens
forming the image of said objective lens on said rear
plane.

19. A kaeidoscope atachment as defined in clam 18 in-

cluding:

a projecting lens mounted adjacent said projecting end of
said housing, the principal axis of said projecting lens
being paralel with said reflecting surfaces.

20. A kaleidoscope attachment as defined in claim 18
wherein said reflecting surfaces are adjustable relative to each
other;

and sad objective lens is adjustable whereby the spacing
between said objective lens and said front ends of said
reflecting surfaces can be changed.

21. A kaleidoscope attachment as defmed in claim 20

wherein:

the principal axis of said objective lens is pardlel with said
reflecting  surfaces,

and the principal axis of said converging lens is paralel with
said reflecting surfaces, said converging lens being ad-
justable in such a manner that the center point of focus of
the image of said objective lens on said rear plane can be
moved.

22 A kaedoscope attachment for a film projector compris-

ing:

an elongated housing having a projection end and an objec-
tive end, said objective end being attached to the projec-
tor;

a par of eongated reflecting surfaces mounted in said hous
ing between said projecting end and said objective end,
sad reflecting surfaces having front ends defining a front
plane and rear ends defining a rear plane, and said reflect-
ing surfaces being disposed in a kaleidoscopic configura-
tion;

an objective lens mounted in said objective end of said
housing, said obiective |ens beina spaced forwardlv of
said front ends of said reflecting surfaces in such a
manner that a real image of a distant object can be
focused on said front plane;

and a converging lens mounted in said housing adjacent said
front ends of said reflecting surfaces, sad converging lens
forming the image of said objective lens on said rear
plane.

23. A kaedoscope atachment as defined in clam 22 in-

cluding:

a projecting lens mounted adjacent said projecting end of
sad housing, the principad axis of said projecting lens
being parale with said reflecting surfaces.

24. A kaleidoscope attachment as defined in claim 22
wherein said reflecting surfaces are adjustable relative to each
other;

and said objective lens is adjustable whereby the spacing
between said objective lens and said front ends of said
reflecting surfaces can be changed.

* * 2 & *
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