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(54) Light reflector

(57) In order to increase light output in an optical fibre light generating system, the invention provides a light reflector for
use in such a system, having a light-reflecting surface which is substantially part ellipsoidal in shape and which extends to
its open end, in a direction along the major axis of the ellipsoid of which the reflector forms a part, from that end associated
with the object focus (F1) of the ellipsoid towards the other end, such that the ratio of the distance between the object focus
(F1) of the ellipsoid and the point (F2) where the major axis of the ellipsoid intersects the diameter of the open end of the
reflector, to the distance between the object focus (F1) and the origin (O) of the ellipsoid, is at least 0.75. The reflector is
preferably so shaped as to allow insertion of a light source through the rear of the reflector.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.

This print incorporates corrections made under Section 117(1) of the Patents Act 1977.
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LIGHT REFLECTOR
This invention relates to 1light reflectors and, in
particular, light reflectors for use with optical fibre

lighting systems.

Light reflectors for use with optical fibre 1lighting
systems are known in which the reflector is of a
substantially part ellipsoidal shape which acts to focus
light, from a light source located at one focus of the
ellipsoid of which the reflector forms a part, in a
direction towards the second focus at which can be
located the optical fibre light collector or so-called

common end.

Known light reflectors are limited in length (along the
major axis of the ellipsoid of which the reflector forms
a part) because it has been thought that above a certain
length little useful increase in light delivered to the
common end could be obtained. There 1is also every
incentive to restrict the length of the reflector, apart
from light output considerations, in order to keep the
cost of producing the reflector to a minimum and to keep
to a minimum the overall size of the light-generating
device of which the reflector forms a part. Light
systems incorporating such reflectors normally require
some sort of cooling arrangement to prevent over-heating
and the efficacy required of the cooling system will
increase as the length of the reflector increases.

Moreover, known part-ellipsoidal 1light reflectors are
constructed to allow a reasonable amount of space between
the two foci, in which optical devices such as filters,
dimmers and colour wheels can be located to intercept
reflected 1light before it reaches the second focus.
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Limiting the reflector in 1length allows more space
between the two foci, and also ease of access for
installing a light source at the correct point inside the
reflector, since reflectors are typically of such a
design that the source has to be inserted from the front,
i.e. the open end,.of the reflector.

In practice, the length of the reflector has in the past
always fallen far short of the reflector being a complete
half-ellipsoid. If F; is the object focus of the
ellipsoid of which the reflector forms a part (i.e. the
point at which a light source is to be located), F, the
image focus (i.e. the point onto which reflected light
will be focussed), O the origin of the ellipse and X the
point at which the 1line F1-0-F5 (the major axis of the
ellipsoid) intersects the diameter of the open end of
the reflector, then the ratio of the distances Fi-X : Fq-

O has conventionally never exceeded approximately 0.72.

The acceptance cone half angle of the reflector, which
is the angle between the major axis of the ellipsoid and
a line drawn between the image focus (at or near which
the common end is situated) and the periphery of the
reflecting surface of the reflector, is an indication of
the amount of light which the reflector would be expected
to focus onto the image focus. This has conventionally
been limited to no greater than the acceptance half angle
for the optical fibre collector onto which light is to be
reflected, which in turn is a measure of the amount of
light which the collector would be expected to collect.
The acceptance half angle for such a collector is defined
by the formula:

sin”1 v (ny - nyp)
vhere n;, is the refractive index of the fibre core, and
n; that of the fibre cladding.
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Theoretically, the optimum acceptance cone angle (twice
the acceptance cone half angle) for a reflector for use
in a particular optical fibre lighting system is the same
as the acceptance cone angle of the optical fibre light
collector of the system. To use a reflector having a
greater acceptance angle than this would theoretically
provide no advantaée, since the amount of reflected light
collected by the optical fibre light collector would in
any event be limited by its own acceptance cone angle.
In order to increase acceptance angles towards this
theoretical optimum, reflectors have 'generally been
constructed as part-ellipsoids of greater width (i.e.
longer minor axis), since reflector lengths are
constrained by the considerations outlined above.

It has now been surprisingly found that the light output
of an optical fibre 1light-generating system can be
significantly increased by utilising a light reflector
having a length greater than those previously used. This
surprising result, on which. the present invention is
based, is thought to be at least partly due to the fact
that a light source located at the focus of a reflector
is never a true point light source but rather, a more
diffuse "blob" having a finite area. Thus, theoretical
calculations do not yield a true result as to the amount
of 1light which can be reflected and subsequently

collected.

According to the present invention, there is provided a
light reflector for use in an optical fibre lighting
system, the light-reflecting surface of the reflector
being substantially part ellipsoidal in shape and
extending to its open end, in a direction along the major
axis of the ellipsoid of which the reflector forms a
part, from that end associated with the object focus of
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the ellipsoid towards the other end, associated with the
image focus, such that the ratio of the distance between
the object focus of the ellipsoid and the point where the
major axis of the ellipsoid intersects the diameter of
the open end of the reflector, to the distance between

the object focus and the origin of the ellipsoid, is at
least 0.75. '

By "part-ellipsoidal" is meant that the light-reflecting
surface of the reflector must be of a suitable curved
shape as to function in the same manner as would a true
part-ellipsoid surface, i.e. to focus light, generated at
one of its focal points, onto another. The reflector
need not be truly part ellipsoid in shape, but will
generally approximate to a part ellipsoid. It will,
however, usually have a gap at its rear end (i.e. the end
associated with the object focus), to allow for insertion
of a suitable light source at its object focus, and to
reduce the amount of light which would be reflected from

such a source directly back to the source itself (which
might cause the source to overheat).

The precise shape of the reflector will depend on the
relative lengths of the major and minor axes of the
ellipsoid of which the reflector forms a part. However,
the invention is applicable to reflectors having a wide
range of part-ellipsoidal shapes and, indeed, all such

shapes which might, in practice, be used for reflectors
of this general type.

The distance ratio referred to is preferably 1.0, such
that the reflector is essentially a half-ellipsoid. Such
a reflector seems capable of focussing much greater
amounts of 1light at its image focus than would be
expected from a comparison with the conventional
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reflector having a distance ratio of 0.72.

The invention also includes within its scope a reflector
for which the distance ratio is greater than 1.0. For
instance, the reflector may be more than half of an
ellipsoid, such that the curved surface of the ellipsoid
of which it forms a part extends beyond the minor axis of
the ellipsoid. Alternatively, the reflector may comprise
a half ellipsoid which extends further, beyond the minor
axis of the ellipsoid, as a tube, either cylindrical or
frusto-conical in section. such designs have greater
acceptance cone angles, for a given width (i.e. minor
axis length) of reflector than does the simple half-
ellipsoid.

The reflector is preferably of such a shape and size as
to allow for further optical devices, such as filters,
dimmers, colour wheels, etc., to be located, in an
optical fibre 1light-generating system in which the
reflector is used, to intercept light reflected by the
reflector towards an optical fibre 1light collector
positioned at the image focus. Whilst bearing this
design constraint in mind, the reflector should
nevertheless be as small as possible, so that a light-
generating system containing it can be compact and
portable. A minor axis of approximately 110mm, and a
major axis of approximately 200mm, are, for instance,
ideal values for the ellipsoid of which the reflector

forms a part.

- A reflector according to the invention, having a

reflecting surface of greater length, reflects a much
greater amount of incident 1light onto its image focus
than would a conventional reflector, without the need to
increase the width of the reflector. If designed
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correctly, however, it can still accommodate the extra

optical devices needed in a typical optical fibre 1light
generating system.

A reflector according to the invention is preferably so
shaped as to allow insertion of a light source through
the rear of the reflector (i.e. that end associated with
the object focus of the ellipsoid of which the reflector
forms a part). This again allows the reflector to be of
greater length, since access to its open end is not
needed (as would have been the case for a conventional
reflector) to insert the light source. The reflector
preferably has a bulb receiving aperture, at its rear
end, large enough to receive a suitable 1light source
(which will typically be a metal halide lamp, of standard
construction and commonly available), such that the
source can be positioned, through the aperture, at the
object focus of the ellipsoid. In the case of a metal
halide lamp, the bulb would be inserted through the bulb
receiving aperture, and plugged into a conventional two-
pin electrical socket behind the reflector.

Since the envelope of a typical metal halide bulb is
narrower than its base (which will be connected to a
power supply), insertion of the bulb through the rear of
the reflector also means that the bulb-receiving aperture
can be smaller in size than in conventional reflectors.
This in turn 1leaves a greater surface area of the
reflector, behind its object focus, available for
reflecting light emanating from that focus.

A further advantage in being able to insert a light
source through the rear of the reflector is that the risk
of soiling the internal reflecting surface of the
reflector (e.g. with finger marks) is reduced.
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The acceptance cone angle for the reflector of the
invention is ideally chosen to be as close as possible
to, and may even be greater than, the acceptance angle of
the optical fibre light collector of the light system in
which the reflector is to be used.

The light reflectihg surface of the reflector may be made
of any suitable material, for instance, spun aluminium
(preferably of a very high purity), or dichroic coated
borosilicate glass. The surface may be multi-faceted.

The reflector ideally comprises an annular flange around
the periphery of its open end, which acts as part of a
mounting means for mounting the reflector in a 1light
generating systen. Conveniently, supporting rods
(usually three, around the outside of the reflector) will
be 1located in suitably positioned apertures in the
annular flange, secured in position by means of nuts, and
affixed at their free ends to an appropriate part of the

system.

Incorporating this mounting flange at the front, open,
end of the reflector leaves more space free behind the
reflector, allowing for insertion of a light source from

the rear, as described above.

The present invention also provides an optical fibre
light-generating system incorporating the reflector of

the invention.

Such a system will typically additionally comprise a
suitable 1light source, such as a metal halide lamp,
located at the object focus of the ellipsoid of which the
reflector forms a part, and an optical fibre 1light
collector, located at or near the image focus of the
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ellipsoid. The system will also preferably include a
fan, used to reduce the temperature of the optical fibre
light collector (common end). The fan is desirably
positioned in the light generating system so as to direct
cool air directly towards the light collector (the fan is
not typically so positioned in known systems).

An optical fibre light-generating systenm incorporating a
reflector of the invention may have a wide variety of
applications. By way of example only, an application for
such an optical fibre light-generating system is a cooled
food display cabinet in which the 1light generator or
projector is located on the outside of the cabinet, and
the optical fibre 1light outlets are 1located at
appropriate positions within the cabinet so as best to
illuminate the food being displayed.

An embodiment of the present invention will now be

described, by way of example only, and with reference to

the accompanying drawings, in which:

- Fig 1 is a longitudinal section through a reflector in
accordance with the present invention;

- Fig 2 is a schematic diagram of an example of an

optical fibre system incorporating the reflector at

Fig 1;

Fig 3 is a plan of an alternative optical fibre systen

in accordance with the invention; and

Fig 4 is a schematic diagram showing a cooled food

display cabinet incorporating the optical fibre system
of Fig 2.

Referring to Fig 1 of the accompanying drawings, a light
reflector 1 comprises a main body portion 3 formed of a
suitable material, such as dichroic coated moulded glass
or high purity spun aluminium, providing a highly



10

15

20

25

30

35

-

reflecting internal surface. Body portion 3 is half
ellipsoidal in shape and, as shown in Fig 1, the
ellipsoid of which the body portion 3 forms a part has
focuses Fl1 (object) and F2 (image). Body portion 3
extends from relatively small diameter narrow rear end 5
at one side of, but close to, focus Fl1 to a relatively
large diameter opb_osite open end 7 at the mid point
between the two foci (i.e. level with the origin O of
the ellipsoid of which reflector 1 forms a part).
Extending outwards from open end 7 of body portion 3 is
an integral, annular flange 9, said flange 9 being
provided with three equally spaced-apart fixing holes
(not shown) to enable the reflector to be mounted within
a light generating system in which it is to be used.

It can be seen from Fig 1 that the ratio of the distance
between F, and the point where the major axis of the
ellipsoid (F,-F;) intersects the diameter of the open end
7 of the reflector, to the distance F,-0, is 1.0 in the
case of the reflector shown (i.e. the reflector is a

complete half-ellipsoid).

In use, a light source, such as a metal halide lamp, is
mounted at focus F1 (inserted through an aperture (not
seen) in the rear end 5 of the reflector). Light emitted
by this source is reflected by the internal reflecting
surface of reflector 1 in a direction towards focus F2,
at or near which an optical fibre light collector is
located. Additional optical devices, such as filters,
colour wheels, dimmers, etc., as required, may be located

in the space between O and Fj.

Although a reflector according to the present invention
could be of any part-ellipsoidal shape, the particular
half-axis lengths which characterise the reflector shown
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the major axis.

Reflector 1 has an acceptance cone half angle of 29.25°
(full angle 58.5°), which is the angle between the major
axis of the ellipsoid and a line drawn between F, and
point B on the periphery of the open end of reflector 1.

Known 1light reflectors, in contrast, have a 1light-
reflecting surface extending no further than about Point
A, or occasionally Point C, indicated in Fig 1.

In a comparative test, the 1light output of a 1light
projector incorporating the reflector of Fig 1 was
compared with that of a similar light projector having a
reflector which was substantially identical to that shown
in Fig 1 except that it was substantially shorter, having
an acceptance cone angle of 35° compared with the angle
of 58.5° of the reflector at Fig 1 (and therefore also a
smaller distance ratio). - It was found that the 1light
output of a light projector incorporating the reflector
at Fig 1 was substantially greater than that of the
projector having the shorter reflector.

Although the above-described light reflector is made of
spun aluminium and has a smooth internal surface, equally
within the scope of the present invention are 1light
reflectors made of other suitable materials as well as
those having a faceted internal light-reflecting surface.

Referring to Fig 2 of the accompanying drawings, one
specific example of an optical fibre 1light emitting
system, in which the light reflector of Fig 1 might be
used, 1is shown. The system includes control gear a
providing electrical power to a metal halide lamp b
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mounted at the narrow, rear, end of reflector c which, in
turn, is mounted within lamp housing d. Reflector c is
that as described above with reference to Fig 1. Light
is reflected by reflector ¢ towards the common end of an
optical fibre arrangement which includes ferrule mount e
from which extends the primary common end ferrule f.

Primary harness g comprises a plurality of optical fibre
assemblies, each of which extends from the primary common
end ferrule £ to a coupling h which is, in turn,
connected to a secondary common end ferrule i. Secondary
harness j extends from ferrule i and provides a plurality
of optical fibre bundles, each of which is provided at
its end with a light outlet arrangement including filter
holder k and a light filter.

Fig 3 is a plan of an optical fibre light generating
system which comprises reflector 10, metal halide bulb
11, common end 12 and fan 13, mounted within housing 14.
Reflector 10 has the shdpe of a half-ellipsoid, with an
integral annular flange 15 at its open end 16. To this
are secured three supporting rods 17, at 120° intervals
around the reflector, the rods being mounted at the rear
of housing 14. These rods support the reflector in

position in the housing.

The reflector 10 has a bulb-receiving aperture 18 at its
rear end, through which bulb 11 (part of a powered lamp)
is inserted from the rear to provide a light source at
the object focus of the ellipsoid of which reflector 10

“is a half. Light from 11 is reflected towards the image

focus, at which common end 12 is positioned.

Fan 13 is positioned so as to direct cool air directly at
the common end 12 so as to keep its temperature at an
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acceptably low level.

It will be appreciated that a light reflector in
accordance with the invention can be used in all manner

of optical fibre light systems and with any appropriate
light source.

Referring to Fig 4 of the accompanying drawings, a cooled
food display cabinet f comprises a light projector a
mounted on an upper rearward portion of the exterior of
the cabinet housing. Optical fibre bundles extend from
light projector a by way of harness b to a plurality of
light outlets e each located on the underside of a shelf
¢ so that emitted 1light d is projected towards food
products displayed on the next lower shelf.
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CLAIMS

1. A light reflector for use in an optical fibre
light system, the 1light-reflecting surface of the
reflector being substantially part ellipsoidal in shape
and extending to its open end, in a direction along the
major axis of the éllipsoid of which the reflector forms
a part, from that end associated with the object focus of
the ellipsoid towards the other end, associated with the
image focus, such that the ratio of the distance between
the object focus of the ellipsoid and the point where the
major axis of the ellipsoid intersects the diameter of
the open end of the reflector, to the distance between
the object focus and the origin of the ellipsoid, is at
least 0.75.

2. A light reflector according to Claim 1, wherein
the said ratio of distances is 1.0, such that the
reflector is substantially half-ellipsoidal in shape.

3. A light reflector according to Claim 1, wherein
the said ratio of distances is greater than 1.0.

4. A light reflector according to Claim 3, wherein
the curved surface of the ellipsoid of which the
reflector forms a part extends, as a continuation of the
ellipsoid, beyond the minor axis of the ellipsoid.

5. A light reflector according to Claim 3, wherein
the reflector comprises a half ellipsoid which extends
further, beyond the minor axis of the ellipsoid, as a

cylindrical or frusto-conical tube.

6. A light reflector according to any one of the
preceding claims, which is so shaped as to allow
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insertion of a light source through the rear end of the
reflector (i.e. that end associated with the object focus
of the ellipsoid of which the reflector forms a part).

7. A light reflector according to claim 6,
comprising a bulb receiving aperture at its rear end ’
the aperture being capable of receiving a light source to

allow the source to be thus positioned at the object
focus of the ellipsoid.

8. A light reflector according to any one of the
preceding claims, wherein the acceptance cone angle of
the reflector is substantially the same as that of the
optical fibre light collector of an optical fibre light
system in which the reflector is to be used.

9. A light reflector according to any one of Claims
1-7, wherein the acceptance cone angle of the reflector
is greater than that of the optical fibre light collector
of a light system in which the reflector is to be used.

10. A light reflector according to any one of the
preceding claims, wherein the light reflecting surface
of the reflector is made from high purity spun aluminium.

11. A light reflector according to any one of Clainms
1-9, wherein the 1light reflecting surface of the
reflector is made from dichroic coated moulded glass.

12. A light reflector according to any one of the

preceding claims, wherein the 1light reflecting surface
of the reflector is multi-faceted.

13. A light reflector according to any one of the
preceding claims, additionally comprising an annular
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flange around the periphery of its open end, for use in
mounting the reflector in an optical fibre light system.

14. A light reflector according to Claim 13, wherein
the annular flange is provided with one or more
apertures, in which supporting rods, fixed at their free
ends to an appropriate part of the optical fibre light

system, can be located.

15. An optical fibre light generating system
incorporating a reflector according to any one of the

preceding claims.

16. An optical fibre light generating system
according to Claim 15, comprising a metal halide lamp
located at the object focus of the ellipsoid of which the

reflector forms a part.

17. A light generating system according to Claim 15

or Claim 16, comprising an optical fibre 1light
collector, located at or near the image focus of the
ellipsoid of which the reflector forms a part, and
additionally a fan to reduce the temperature of the
collector, wherein the fan is positioned so as to direct

cool air directly towards the light collector.

18. A display cabinet incorporating an optical fibre
light generating system according to any one of Claims
15-17.

19. A light reflector substantially as herein
described with reference to the accompanying

illustrative drawings.

20. An optical fibre light generating system
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substantially as herein described with reference to the
accompanying Figures 2 and 3.

21. A display cabinet substantially as herein
described with reference to the accompanying Figure 4.
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