
United States Patent 
Joel 

[54] REMOTE ILLUMINATING APPARATUS 
[72] Inventor: Henry G. Joel, New York, NY. 

[73] Assignee: Ing. C. Olivetti & C., S.p.A., Ivrea, 
' Italy _ 

[221 Filed: ' March \12, 1971 " ' 

[21] Appl. No.: 123,504 

[52] US. Cl. ................. ..240/4L35 R, 240/103 R 
[51] Int. Cl ............................................... ..F2lv 7/00 
[58] Field of Search ....... ..240/41.35 R, 41.36, 41.37, 

' ‘ 240/41.35 C, 41.35 F, 78 LD, 103 R; 
350/296, 299 R 

[56] References Cited 7 

UNITED STATES PATENTS 

2,297,124 9/1942 Anderson et al. .....240/78 LD 
2,673,288 3/1954 Stevens et a] ......... ..240/41.36 
3,283,142 11/1966 Freeman ........... ..240/4l.35 R 
3,449,561 6/1969 Basil et a1 .......... ..240/4l.35 R 
1,757,527 5/1930 Henningsen ......... ..240/103 R 
1,679,108 7/1928 Wood ................... ..240/41.37 
3,112,893 12/1963 Crosby et al .......... ..240/41.36 

FOREIGN PATENTS OR APPLICATIONS 

703,009 2/1931 France .............. ..240/41.35 C 

/i/ 

[15] 3,702,930 
[45] Nov. 14, 1972 

265,177 12/1927 Great Britain ........ ..240/4136 
404,540 1/1934 Great Britain ........ ..240/41.35 
533,135 11/1954 Belgium ................ ..240/4l.36 

Primary Examiner-Samuel S. Matthews 
Assistant Examiner-Alan A. Mathews 
Attorney-—Kevin McMahon 

[57] ABSTRACT 

A system for efficiently projecting the light from a 
point or line light source to a speci?ed area in a 
remote object plane. Two separate families of concen 
trically disposed ellipses are positioned to share a 
common focus and to have the other focus of each el 
lipse family disposed on the remote object plane, so 
that the distance between the two focuses on the ob 
ject plane de?nes the area on the plane to be illu 
minated. The light source is placed at the common 
focus of the two families of ellipses, and elliptical 
re?ecting segments from the two families of ellipses 
are disposed about the light source to direct the light 
from the light source to the defined area on the object 
plane. Proper orientation of the elliptical re?ecting 
segments allows for all of the light from the light 
source to pass to the designated area on the object 
plane in one or less re?ections against the elliptical 
re?ecting segments. 

10 Claim, 7 Drawing Figures 
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REMOTE ILLUMINATING APPARATUS 

BACKGROUND OF THE INVENTION 

1'. Field of the Invention 
This invention relates to illuminating systems and, 

more particularly, to a system to collect the maximum 
amount of available light from alight source and effi 
ciently direct this light. on a remote object plane with a 
minimum number of re?ectionsfrom the light source 1 
to the object plane. ‘ . 

, 2. Description of the Prior Art - 

The advent of photocopying machines has brough 
about a need for apparatus to capture the maximum 
amount of available light from a light‘ source in the 
copying machine and efficiently direct this light to illu 
minate an object plane. _ \ 

Devices have been developed toachievethis objec 
tive, but many of these devices have been less than 
totally successful. Particularly, it has been found that 
the efficiency of light transmission decreases as the 
number of re?ections in the path of travel between the 

_ light source and the illuminated object plane increases. 
This is due to the inherent re?ectivity characteristics of 
the re?ecting surfaces and, additionally, ‘to dirt which is 
bound to lodge or accumulate on the re?ecting sur 
faces. , ~ . 

In order to minimize the re?ectivity losses, many 
devices have minimized the number of re?ections in 
the light path from the light source to the object plane 
by providing re?ective housings about the light source 
which extend close to or even contact the object plane 
to be illuminated by the light. While these types of 
devices do allow for a minimum of re?ections in the 
light path, their usefulness is limited because of the 
close proximity of the apparatus to the object plane to 
be illuminated. _ ' ' 

‘Additionally, many of the prior art illuminating 
devices require large numbers of re?ecting surfaces 
which are either intricately shaped or which must be 
carefully assembled and aligned, or both, in order to ef 
fectively function. These devices are, therefore, rela 
tively costly and fairly delicate. . ' 

SUMMARY'OF THE INVENTION 

In ‘order to overcome the problems set forth in the 
prior art, the present invention sets forth an apparatus 
for capturing and projecting light from a point or line 
light source to a remote object plane. Elliptical re?ect 
ing segments which are disposed about the light source 
and are disposed remotely from the object plane direct 
the light from the light source to the object plane with 
one or less re?ections in the light path. The elliptical 
re?ecting segments are from two or more separate 
families of concentric ellipses which families are posi 
tioned with relation to each other so as to share a com 
mon focus. The other focus of each of the elliptical 
families is disposed on the object plane, and the max 
imum distance between these two focuses de?nes the 
area on the object plane to be illuminated. Elliptical 
re?ecting segments from each family of ellipses are 
used in alternate sections about the light source to 
avoid interference between the re?ecting segments of 
one quadrant and the light paths re?ected from re?ect 
ing segments in an adjacent quadrant. 

Accordingly, in view of the above, it is an object of 
the present invention to set forth a system for effi 
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ciently directing the maximum available light from a 
light source to an object plane to be illuminated. 
Another object of the present invention is to provide 

a system for ef?ciently directing light from a source to 
an object plane to be illuminated which plane is remote 
from the light source. I ' ' ' 

It is still another object of the present invention to 
provide a system for directing the light from a light 

0 source to a remote object plane to be illuminated which 
system requires one or less re?ections in the light path. 
Yet another object of the present invention is to pro~ 

vide a system for directing the light from a light source 
to a remote object plane to be illuminated which 
system can be cheaply and easily fabricated. 

It is a further object of the present invention to pro 
vide a system for directing the light from a light source 
to a remote object plane to be illuminated. which 
system is reliable in operation. . ‘ 

Another object of the present. invention is to provide 
a system for directing the light from a light source to a 
remote object plane to be illuminated which does not 
require delicate adjustment. . 

It is still another object of the present invention to 
provide a system for ef?ciently directing the light from 
a light source to a pre-de?ned area on a remote object 
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Other objects and advantages will be apparent from 
the following description of an embodiment of the in 
vention and the novel features will be particularly 
pointed out hereinafter in connection with the ap 
pended claims. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a family of concentrically disposed el 
lipses illustrating the various re?ective paths from one 
common focus of the ellipses to the other common 
focus of the ellipses. _ _ 

FIG. 2 is a schematic view showing two separate el 
lipses sharing a common focus and having the other 
focus of each ellipse in spaced relation to each other. 

FIG. 3 is a schematic representationof elliptical 
re?ecting segments disposed about a light source to 
direct light to a remote object plane, in accordance 
with the teachings of thepresent invention. 

FIG. 4 is an enlarged view of a section of FIG. 3 
showing the re?ection of the light path against the 
re?ecting segments as the light travels from the source 
to the remote object. 

FIG. 5 is an embodiment of the invention in which 
the elliptical re?ecting segments are connected to form 
a closed structure. 

FIG. 6 is an enlarged view of a portion of FIG. 5 
showing the light path within the structure. 

FIG. 7 isanother embodiment of the invention show 
ing the elliptical re?ecting segments positioned in a 
mounting device. 

. DESCRIPTION OF THE PREFERRED 
EIVIBODIMENT: 

FIG. '1 shows a family of three concentrically 
disposed ellipses, generally indicated at l0, l2 and 14 
respectively for the thinner to wider ellipses, having 
lower and upper common focuses l6 and 18. It is well 
known that within any given closed ellipse, all lines 
radiating from one focus will re?ect off the walls of the 
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ellipse and converge at the other focus of the ellipse. 
Therefore, if the lower focus 16 were a light source, 
then within any of the concentric ellipses, all of the 
light from focus source 16 would be received at the 
upper receiving focus 18. 
I‘ It is not practical to use a single, simple ellipse to 
direct all the light from a source to a receptacle, 
because it would be necessary to enclose both the 
source and the receptacle within the closed ellipse. 
However, it is-possible to arrange various segments of 
concentric ellipses to catch the light fromthe common 
focus light source 16 and reflect it back to the common 
receiving focus 18. 
As shown in FIG. 1, elliptical segments 20, 22 and 24 

respectively of ellipses 10, 12 and 14, are positioned 
with relation to each other so ‘that no light from source 
16 passes between the elliptical segments, and they 
re?ect all of the light back to receiving focus 18 
without'blocking the light re?ected from each other. 
Re?ector element 20 will re?ect all of thelight in angle 
26 from source 16, while elements 22 and 24 will 
likewise respectively re?ect thelight in angles 28 and 
30 to source 16. Thus, it can be seen that by properly 
arranging additional elliptical segments from other 
concentric ellipses (not shown), all of the light radiat 
ing forward from source focus 16 could be re?ected 
back‘ to receiving focus 18. i 

This same principle of coacting elliptical segments 
also applies for re?ecting the light radiating rearwardly 
from source focus 16. Since all of the ?gures are sym 
metrical about a center line, for purposes of simplicity, 
itemsto the left of the center line will be distinguished 
from similar items to the right of the center line by 
using a prime symbol (') with the designating numbers. 
As seen in FIG. 1, elliptical segments 32’ and 34’ on 

ellipses 12 and'14 respectively re?ect the light radiat 
ing rearwardly from source 16 in angles 36' and 38' 
respectively, to receiving focus 18. Therefore, as was 
the case previously, by arranging additional elliptical 
segments from other concentric ellipses, all of the light 
radiating rearward from source focus 16 would be 
re?ected back to receiving focus 18. 

Unfortunately, in a single family of concentrically 
disposed ellipses, the elliptical segments re?ecting rear 
ward radiating light cannot be combined with the ellip 
tical segments re?ecting forward radiating light to pro 
ject all of the light from the common source focus to 
the common receiving'focus. The elliptical segments 

‘ re?ecting the forward radiating light would interfere 
with the elliptical segments re?ecting the rearward 
radiating light. For example, as seen in FIG. 1, the light 
path from elliptical segment 34 would be at least par 
tially blocked by elliptical segment 20. 
The problem of interference between the elliptical 

re?ecting segments for forward and rearward radiating 
light can be overcome by using two or more separate 
concentric families of ellipses which are disposed with 
relation to each other with a common source focus for 
all families of ellipses and separate receiving focuses 
for separate families of ellipses as, for example, in the 
manner shown in FIG. 2. 

FIG. 2 shows two identical ellipses 40 and 42 which 
are disposed with relation to each other so that the 
lower focus 16 of each family of ellipses coincide and 
so that the upper focuses 18 and 18' of ellipses 40 and 
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42 respectively are in spaced relation to each other. El 
lipses 40 and 42 can be classi?ed as right and left ellip 
ses respectively. Because all lines emanating from the 
one focus of an ellipse will re?ect against the walls of 
the ellipse and pass through the other focus of the el 
lipse, as previously mentioned, elliptical segment 44 of 
ellipse 42 will re?ect light from source focus 16 to 
lefthand receiving focus 18’, while elliptical segment 
46 on righthand ellipse 40 will re?ect light from source 
focus 16 to righthand receiving focus l8. ' > 

Because of the relative orientation of the right and 
left hand ellipses 40 and 42, the upper elliptical seg 
ments of one ellipse re?ecting forward radiating light 
from the common source would tend to provide less of 
an interfering surface to the pathway of light re?ected 
from the lower elliptical segments of the other ellipses 
which re?ect the rearward radiating light from the 
common source. Proper orientation of the ellipses and 
the elliptical segments can, therefore, reduce and even 
eliminate the interference between the rearward light 
re?ecting segments and the forward light re?ecting seg 

_ ments, as shown in FIGS. 3 and 4. - 

25 
As shown in FIG. 3, forward light re?ecting elliptical 

segments 48,50, 52, 54, 56, 58 and 60 are segments of 
a lefthand family of ellipses and re?ect light to receiv 

' ing focus 18', while rearward light re?ecting elliptical 
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segments 49, 51, 53, 55, 57 and 59 are segments of a 
righthand family of ellipses and re?ect light to receiv 
ing focus 18. Similarly, elliptical segments 48', 50', 52', 
54', 56’, 58' and 60' will re?ect light to focus 18 while 
elliptical segments 49’, 51', 53', 55', 57' and 59' re?ect 
light to focus 18'. Section 62 directly behind source 16, 
extends’ on either side of the center line. It can be 
formed from two elliptical segments focusing on 18 and 
18° or it can be a circular section which would re?ect 
light to the area between the two focuses. Elliptical sec 
tions 59 and 60 and their corresponding prime sections 
are shown as being formed from a single. member, 
although this need not be the case for proper function 
ing of the invention. ’ . . 3 v 

In FIG. 4, we see right focus rear elliptical segments 
49, 50, 53 and 55 and left focus front elliptical seg 
ments 48, 50, 52, 54 and 56. As a typical example of 
the interaction between the forward and rearward ellip 
tical segments, we see that all the forward radiating 
light in angles 64, 66, 68 and 70 will be re?ected by 
segments 50, 52, 54 and 56 respectively to receiving 
focus 18'. Similarly, all the rearward radiating light in 
angles 63, 65, 67 and 69 will be re?ected by segments 
49, 51, 53 and 55 respectively to receiving focus 18; 
Note that angles of light 71, 73, 75 and 77 re?ected by 
elliptical segments 49, 51, 53 and 55 respectively do 
not contact the back surfaces or the front edges of the 
forward elliptical segments, but instead have clear 
pathways through the adjacent upper elliptical seg 
ments to the right receiving focus 18. The same would 
be true for the angles‘ of re?ection 71, 73, 75, 77 (not 
shown) which are the symmetrical counterparts of an 
gles of re?ection shown in FIG. 4. 
From the above discussion, ‘it should be apparent 

that the arrangement of elliptical re?ecting segments 
provides an extremely efficient method for capturing 
and directing all of the light from a point or a line 
source to a remote object plane to be illuminated. This 
device can be effectively used in many various applica 
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tions. For example, as shown in FIG. 5, an entire unit 
can be manufactured for use as a directional light 
source. Forward re?ecting elliptical segments 76, 78, 
80, 82, 84, 86 and 88 and rearward light re?ecting el 
liptical segments 90, 92, 94, 96 and 98, and the cor 
responding prime elements to the left of the center line, 
can be enveloped in a clear plastic or glass material 100 
which connects the various elliptical segments. I 
As shown in FIG. 6, this apparatus would work ex 

' actly as that described previously with the possibleex 
ception that there may be slight changes in the 
direction of the light as the light leaves the clear trans 
parent areas 100, which connect the elliptical re?ect 
ing surfaces. However, depending upon the material 
used, the index of refraction and various other factors, 
the required positioning of the elements for proper 
functioning of the apparatus can be determined. 

FIG. 7 shows another embodiment of the illuminat 
ing system. The system consists essentially of a line 
source light bulb indicated at 102 which is mounted 
into an end plate 104. Grooves which correspond to the 
elliptical segments shown in FIGS. 3 and 4 are 
machined in the end plate. Thin sheets of re?ecting 
material, such as thin aluminum sheets, etc., are then 
placed into the grooves in end block 104 to act as 
re?ectors. The ?exibility of the thin sheets allows each 
of them to ?t into the designated elliptical groove and 
conform to the shape of the groove, thereby forming 
the elliptical segment desired for proper operation of 
the system. These segments are identi?ed inFlG. 7 
similarly to the elliptical segments shown in FIG. 5. The 
light emanating from focal source 16 will then be 
directed with one or less re?ections to the area 106 to 
be illuminated on a remotely disposed object plane 
108, which area is designated by receiving focuses 18, 
and 18’. ‘ 

If necessary, a second end plate (not shown) can be 
used with corresponding elliptical grooves machined in 
the plate to provide support for the free end of the el 
liptical sections extending from base plate 104 to insure 
greater dimensional conformity for the elliptical seg 
ments. - 

It should be noted that the apparatus can be built 
relatively inexpensively, since there is a minimum of as 
sembly, alignment and fastening required. All that is 
necessary is for the grooves to be machined into the 
end block which can be done by any convenient 
method, even, for example, by means of a standard 
pantograph type of device. If two end blocks are used, 

. they can be fastened together by means of any con 
venient spacing members or they can be fastened to an 
intermediate housing. 

It should also be noted that the materials are ex 
tremely cheap, easily replaceable and the entire system 
can be assembled and maintained with a minimum of 
precision work. 
The embodiments of the illuminating systems 

discussed have included elliptical re?ecting elements 
formed from two families of ellipses, with elements 
from each of the families being placed in alternating 
quadrants about the light source-However, it should be 
pointed out that the invention is in no means limited in 
the number of separate elliptical families which can be 
used, nor is the invention limited in the angular position 
or arc about the light source which the elements from 
each elliptical family can occupy. 

6 
. It will be understood that various changes in the 

details, materials and arrangements of parts which have 
been herein described and illustrated in order to ex 
plain the nature of the invention may be made by those 

5 skilled in the art within the principle and scope of the 
invention as expressed in the appended claims. 
What is claimed is: , 
1. Apparatus for directing with one or fewer re?ec 

tions light from a light source to a portion of ,an object 
10 plane disposed remotely from said source comprising: 

a plurality of elliptical re?ectingsegments vdisposed 
between said source and‘ said object plane, ‘said 
segments being portions of a ?rst series of concen~ 
tric elliptical curves having one focus at said light 
source and a second focus on said object plane, 
and 
second plurality of elliptical re?ecting segments 
disposed on the opposite side of said light source 
from said object plane, said second plurality of 
segments being portions of a second series of con 
centric elliptical curves having one focus at said 
light source and a second focus on said object 
plane spaced from said second focus of said ?rst 
series of elliptical curves, said ?rst and second plu 
rality of elliptical re?ecting segments being 
disposed so that light re?ected by said second plu 
rality of elliptical segments from said source passes 
between adjacent segments of said ?rst plurality of 
elliptical re?ecting segments to said second focus 
of said second plurality of elliptical re?ecting seg 
ments. 

2. The apparatus of claim 1 wherein said second 
focus of said ?rst plurality of elliptical re?ecting seg 
ments lies on the opposite side of a plane containing 
said light source and intersecting said object plane 
orthogonally from said ?rst plurality of elliptical 
re?ecting segments and wherein said second focus of 
said second plurality of elliptical re?ecting segments 
lies on the same side of said plane containing said light 
source and intersecting said object plant orthogonally 
as said second plurality of elliptical re?ecting segments. 

3. The apparatus’of claim 1 further including third 
and fourth pluralities of elliptical re?ecting segments, 
said third and fourth pluralities of elliptical re?ecting 
segments being portions of third and fourth series of 
concentric elliptical curves having one focus at said 
light source and second foci spaced from one another 
on said object plane. 

4. The apparatus of claim .3 wherein said ?rst, 
second, third and fourth pluralities of elliptical re?ect 
ing segments are arranged in ?rst, second, third and 
fourth successive quadrants about said light source 
respectively. , 

5. The apparatus of claim 4 characterized in that said 
second foci of said ?rst and third series of elliptical 
curves are coincident and said second foci of said 
second and fourth series of elliptical curves are coin 
cident. ' 

6. The apparatus of claim 4 wherein the elliptical 
re?ecting segments of the two pluralities of elliptical 
re?ecting segments closer to said object plane are 
disposed so that light rays re?ected by them from said 
source cross each other before striking said object 
plane. 

7. The apparatus of claim 1 said ?rst and second plu 
rality of elliptical re?ecting segments each include: 
an end block; 
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a plurality of grooves in each of said end blocks 
de?ning the shape of said elliptical segments; and 

?exible sheets of re?ective material mounted in said 
grooves and formed by said grooves into elliptical 
segments. 

8. The apparatus of claim 7 wherein said end blocks 
are formed of a single piece of material. 

9. The apparatus of claim 1 further including trans 
parent support means connecting the segments of said 
?rst plurality of elliptical re?ecting segments. 

5 

10. Apparatus for re?ecting, with one or fewer'_ 
re?ections, light from a source to an area of an object 
plane disposed remotely from said source comprising: 

-a ?rst plurality of elliptical re?ecting segments, said 
segments being portions of a plurality of concen 15 
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8 
tric elliptical curves one focus at said light 
source and a second focus on said object plane; 
and 

a second plurality of elliptical re?ecting segments, 
said second plurality of segments being portions of 
_a second set of concentric elliptical curves having 
one focus at said light source and a second focus 
on said object plane, the focus on said object plane 
of said ?rst series of elliptical curves being spaced 
from the focus on said object plane of said second 
series of elliptical curves; and ' 

the elliptical segments of said ?rst and second plu 
ralities being disposed in alternate quadrant arcs 
about said light source. 

‘I! ‘it * ‘it * 


