
Desription                                         space with optical fiber
cable, there is a stantial refraction at the exit of the cable due to The
present invention relates to the art of illu-  the difference between the
indices of refraction of minating an aerial or aqueous space by using
the two adjacent mediums, i.e., the core glass, es  ially, but not
exclusively, solar radiation as a    5    which has a high- index of
refraction, and the air, source of light energy and by using a light guide
which has a low index of refraction. However, to conduct that light energy.
More particularly,    when lighting an aqueous space with optical fiber
this invention relates to a method and device for    cable, the core glass
of the cable is obliged to dispersing substantially collimated light
issuing   contact the water. The index of refraction of water from a light
guide.                            10   Is lower than that of the core glass
but higher than The use of visible light energy from  solar        that of
air. There is thus even less of a difference radiation for interior
lighting purposes has been    between the index of refraction of the core
glass proposed and various lighting systems utilizing    and water, so the
cone angle of issuing light solar radiation have been contemplated. Such
becomes smaller, even less than 48. lighting systems generally comprise a
solar beam    15  The object of the present invention is to provide
receiver for collecting and concentrating solar      a method and a device
for dispersing sub- radiation and an optical conductor for conducting
stantially collimated light issuing from a light light energy from the
receiver to the area to be     guide. Throughout the specification and the
illuminated. Lighting systems utilizing solar radi-  appended claims, the
term "substantially colli- ation as a source of light energy have acquired
20    mated light" is intended to include not only considerable industrial
applicability because of     parallel beams but also those ligt rays which
the development of high quality optical fiber        intersect each other
at an angle not larger than, cables. The optical fiber bundle now available
on   for example, 45. the market is not only able to transmit light
In one aspect, the present invention provides a energy at an extremely low
transmission loss, but   25    method for dispersing substantially
collimated has sufficient flexibility to enable light to be con-  light
issuing from a light guide so as to illuminate ducted along a curved
complex optical path pro-      the surrounding medium with the dispersed
light, vided between the light source and the area to be    which method is
characterised by introducing the  . illuminated. An optical fiber cable or
bundle       light issuing from the light guide into a light generally
comprises a plurality of individual op-   30   defocusing rod through at
least one end thereof, tical fibers, each consisting of a central core
glass  said light defocusing rod being made from a rigid and a surrounding
cladding. During transmission     transparent material and defined by a
cylindrical through the core glass, light having an angle of     peripheral
surface and a pair of opposite end incidence smaller than the critical
angle of inci-   surfaces perpendicular to the longitudinal axis of dence
of the core-forming glass is not totally   3s   the rod, said light
defocusing rod having a para- reflected by the interface or boundary
defined       bolic gradient of refractive index which increases between
the core and cladding and, therefore,        from the longitudinal axis
toward the circumfe- penetrates wholly or partially therethrough to-
rential periphery thereof so that the light intro- ward the cladding to
leak out of the optical fiber.  duced into said light defocusing rod is
refracted at Thus, only that light having an angle of incidence   40
least in part toward said circumferential periphery larger than the
critical angle of incidence of the  to issue outwardly therefrom. core
material is totally reflected by the boundary     Light defocusing rods per
se are known in the and, on repeated reflection, transmitted through-
field of geometrical optics. However, in the prior out the fiber. As a
result, the cone angle defined   art there is no teaching that suggests
their use for by the light issuing from the exit of the optical   4s
lighting. Use of light defocusing rods make it fiber is limited. The light
allowed to issue out of  possible to disperse collimated light in a simple
the end of the optical fiber cable is collimated to a  manner even in an
aqueous medium. considerable degree and illumination takes place       In
another aspect, the present invention pro- only in a spotlight-like
fashion. Normally, the      vides an optical device for dispersing sub-
cone angle of light issuing from an optical fiber   50   stantially
collimated light issuing from a light cable does not exceed about [err] for
an optical       guide so as to illuminate the surrounding medium fiber
cable having a numerical aperture (NA)         with the dispersed light,
which device is charac- value of about 0.4.
terised by a light defocusing rod made from a JP-A-5624305 discloses a
lighting device of        rigid transparent material and defined by a
cylin- the above mentioned type in which the light   55   drical peripheral
surface and a pair of opposite issuing from the light guide is dispersed by
a lens.  end surfaces perpendicular to the longitudinal It has also been
proposed to use solar radiation   axis of the rod, said light defocusing
rod having a for underwater lighting purposes. A solar receiver   parabolic
gradient of refractive index which in- or collector is provided on the sea
or water         creases from the longitudinal axis toward the surface and
an optical fiber cable is extended    6o   circumferential periphery
thereof so that the light therefrom to the bottom of the water. The visible
introduced longitudinally into said light defocus- 



or nonvisible light energy conducted through the    ing rod through one of
said end surfaces is fiber cable can be used to illuminate underwater
refracted at least in part toward said circum- areas, for gathering fish or
raising plant planktons  ferential periphery to issue outwardly therefrom,
or edible sea vegetables. When lighting an aerial   65   the other of said
end surfaces being provided with 2    3                   0 071  052
4 a reflecting surface for reflecting outwardly and     issue from lower
end surface 20. backwardly fight arriving at said other end sur-
Although in the foregoing embodiment, an face.
optical fiber cable is arranged at only one end of The reflecting surface
may be convex toward       light defocusing rod 14, it is also possible to
inside of the light defocusing rod. Alterna-    5    provide another
optical fiber cable in front of tively, it may be convex toward the outside
of the  lower end surface 20 of the rod so that light is light defocusing
rod. When the reflecting surface   introduced into light defocusing rod 14
from two is convex toward the outside of the light defocus-   directions.
ing rod, it is preferable to provde a second           Figure 3 illustrates
a part of a light defocusing reflecting surface on the cylindrical
peripheral   10   rod suitable for use in the method according to surface
of the rod adjacent to the other end         the present invention. The
lower end surface of surface so that light rays reflected by the first-
light defocusing rod 30 is made concave and is mentioned reflecting surface
are further reflected   provided with reflective coating 32 so that light
and dispersed by the second reflecting surface.      arriving thereon is
reflected radially outwardly, as Figure 1 is a schematic side elevational
view of   15   shown by the arrows. the light defocusing rod showing the
method            Figure 4 shows another embodiment of the according to the
invention;                          light defocusing rod according to the
invention. In Fig. 2 is a graph showing the distribution of      this
embodiment, the lower end surface of light refractive index of the light
defocusing rod; and    defocusing rod 40 is made convex and is provided.
Figs. 3 through 5 are schematic cross-sectional   20    with reflective
coating 42. Provision of the reflec- views, partly cut away, of various
embodiments       tive coating results in that light which would of the
light defocusing rod.                         otherwise issue through the
lower end surface at small angles being reflected backwardly and out-
Description of the Preferred Embodiments             wardly. Referring to
Fig. 1, optical fiber cable 12 is   25   Figure 5 shows a modified form of
the embodi- aligned with light defocusing rod 14 so that light   ment of
Fig. 4. In this embodiment, light defocus- emitting end 10 directly faces
the rod. The light    ing rod 50 is provided with first reflecting surface
receptive end (not shown) of optical fiber cable 12  52 on the convex lower
end surface and second is optically connected to a light source, such as a
reflecting surface 54 arranged on the cylindrical sunlight receiver or
collector (not shown) so that   30   periphery of the rod adjacent to first
reflecting visible and non-visible light is introduced into the  surface
52. Thus, the light reflected by first reflect- optical fiber cable and
conducted therethrough in    ing surface 52 is then reflected by second
reflect- a substantially collimated fashion.                  ing surface
54 so that it issues from the upper Light defocusing rod 14 is defined by a
cylindri-  portion of light defocusing rod 50 as shown by the cal
peripheral surface 16 and a pair of opposite   35   arrows. end surfaces 18
and 20 perpendicular thereto. As shown in Fig. 2, light defocusing rod 14
has a       Claims parabolic gradient of refractive index which in- creases
from the longitudinal axis toward the          1. A method of dispersing
substantially colli- cylindrical periphery thereof. As shown in Fig. 2,
40    mated light issuing from a light guide so as to the  refractive index
at the center of light defocus-  illuminate the surrounding medium with the
dis- ing rod 14 is lower than refractive index [ERR] of      persed light,
characterised by water but higher than refractive index [err] of air
introducing the light issuing from the light and gradually increases toward
the periphery of      guide into a light defocusing rod through at least
the rod along a parabolic curve. Such light de-   45   one end thereof,
focusing rods with parabolic gradients of refrac-      said light
defocusing rod being made from a tive index may be prepared by the two-step
rigid transparent material and defined by a cylin- copolymerization of
diethylene glycol bis (allyl     drical peripheral surface and a pair of
opposite carbonate) with phenyl methacrylate or vinyl         end surfaces
perpendicular to the longitudinal benzoate (see Appl. Phys. Lett., 23, 247
(1973);   so   axis of the rod, said light defocusing rod having a Appl.
Opt., 16, 1305 (1977); and, Appl. Opt.. 20,    parabolic gradient of
refractive index which in- June 1, 1981).
creases from the longitudinal axis toward the 



According to the method of the invention, the      circumferential
periphery thereof so that the light light issuing from optical fiber cable
12 through    introduced into said light defocusing rod is re- light
emitting end 10 is directed to entrance end    55   fracted at least in
part toward said circumferential 18 of light defocusing rod 14. That light
which      periphery to issue outwardly therefrom. enters light defocusing
rod 14 at an angle with        2. An optical device for dispersing
substantially respect to the longitudinal axis of the rod swerves
collimated light issuing from a light guide so as to outwardly by
refraction and, on doing so, is dis-    illuminate the surrounding medium
with the dis- persed away from the longitudinal axis of light   60   persed
light, characterised by defocusing rod 14 to issue roughly uniformly
a light defocusing rod made from a rigid trans- from the outer periphery of
the rod, as shown by     parent material and defined by a cylindrical peri-
the arrows in Fig. 1. That light which enters the    pheral surface and a
pair of opposite end surfaces rod roughly parallely to the longitudinal
axis       perpendicular to the longitudinal axis of the rod, thereof do
not undergo so much refraction and    65    said light defocusing rod
having a parabolic 3    3                  0 071 052
4 a reflecting  surface for reflecting outwardly and  issue from lower end
surface 20. backwardly light arriving at said other end sur-     Although
in the foregoing embodiment, an optical fiber cable is arranged at only one
end of reflecting surface may be convex toward  light defocusing rod 14, it
is also possible to inside of the light defocusing rod. Alterna-    5
provide another optical fiber cable in front of ively it may be convex
toward the outside of the  lower end surface 20 of the rod so that light is
light defocusing rod. When the reflecting surface  introduced into light
defocusing rod 14 from two is convex toward the outside of the light
defocus-  directions. ing rod, it is preferable to provde a second
Figure 3 illustrates a part of a light defocusing reflecting surface on the
cylindrical peripheral   to   rod suitable for use in the method according
to surface of the rod adjacent to the other end       the present
invention. The lower end surface of surface so that light rays reflected by
the first-  light defocusing rod 30 is made concave and is mentioned
reflecting surface are further reflected  provided with reflective coating
32 so that light and dispersed by the second reflecting surface.
arriving thereon is reflected radially outwardly, as Figure 1 is a
schematic side elevational view of   is   shown by the arrows. the light
defocusing rod showing the method          Figure 4 shows another
embodiment of the according to the invention;                       light
defocusing rod according to the invention. In Fig. 2 is a graph showing the
distribution of    this embodiment, the lower end surface of light
refractive index of the light defocusing rod; and  defocusing rod 40 is
made convex and is provided Figs. 3 through 5 are schematic cross-sectional
20   with reflective coating 42. Provision of the reflec- views, partly cut
away, of various embodiments    tive coating results in that light  which
would of the light defocusing rod.                       otherwise issue
through the lower end surface at small angles being reflected backwardly
and out- Description of the Preferred Embodimerts           wardly.
Referring to Fig. 1, optical fiber cable 12 is'  25  Figure 5 shows a
modified form of the embodi- aligned with light defocusing rod 14 so that
light   ment of Fig. 4. In this embodiment, light defocus- emitting end 10
directly faces the rod. The light  ing rod 50 is provided with first
reflecting surface receptive end (not shown) of optical fiber cable 12  52
on the convex lower end surface and second is optically connected to a
light source, such as a  reflecting surface 54 arranged on the cylindrical
sunlight receiver or collector (not shown) so that   3o   periphery of the
rod adjacent to first reflecting visible and non-visible light is
introduced into the  surface 52. Thus, the light reflected by first
reflect- optical fiber cable and conducted therethrough in  ing surface 52
is then reflected by second reflect- a substantially collimated fashion.
ing surface 54 so that it issues from the upper Light defocusing rod 14 is
defined by a cylindri-  portion of light defocusing rod 50 as shown by the
cal peripheral surface 16 and a pair of opposite   35   arrows. end
surfaces 18 and 20 perpendicular thereto. As shown in Fig. 2, light
defocusing rod 14 has a     Claims parabolic gradient of refractive index
which in- creases from the longitudinal axis toward the        1. A method
of dispersing substantially colli- cylindrical periphery thereof. As shown
in Fig. 2    40   mated light issuing from a light guide so as to the
refractive index at the center of light defocus-  illuminate the
surrounding medium with the dis- ing rod 14 is lower than refractive index
[err] of    persed light, characterised by water but higher than refractive
index n2 of air    introducing the light issuing from the light 



and gradually increases toward the periphery of    guide into a light
defocusing rod through at least the rod along a parabolic curve. Such light
de-   45   one end thereof, focusing rods with parabolic gradients of
refrac-   said light defocusing rod being made from a tive index may be
prepared by the two-step         rigid transparent material and defined by
a cylin- copolymerization of diethylene glycol bis (allyl   drical
peripheral surface and a pair of opposite carbonate) with phenyl
methacrylate or vinyl       end surfaces perpendicular to the longitudinal
benzoate  (see Appl. Phys. Lett., 23, 247 (1973);   so   axis of the rod,
said light defocusing rod having a Appl. Opt., 16, 1305 (1977); and, Appl.
Opt., 20,  parabolic gradient of refractive index which in- June 1, 1981).
creases from the longitudinal axis toward the According to the method of
the invention, the    circumferential periphery thereof so that the light
light issuing from optical fiber cable 12 through  introduced into said
light defocusing rod is re- light emitting end 10 is directed to entrance
end   55   fracted at least in part toward said circumferential 18 of light
defocusing rod 14. That light which    periphery to issue outwardly
therefrom. enters light defocusing rod 14 at an angle with      2. An
optical device for dispersing substantially respect to the longitudinal
axis of the rod swerves  collimated light issuing from a light guide so as
to outwardly by refraction and, on doing so, is dis-  illuminate the
surrounding medium with the dis- persed away from the longitudinal axis of
light   60   persed light, characterised by defocusing rod 14 to issue
roughly uniformly        a light defocusing rod made from a rigid trans-
from the outer periphery of the rod, as shown by   parent material and
defined by a cylindrical peri- the arrows in Fig. 1. That light which
enters the  pheral surface and a pair of opposite end surfaces rod roughly
parallely to the longitudinal axis     perpendicular to the longitudinal
axis of the rod, thereof do not undergo so much refraction and   65  said
light defocusing rod having a parabolic 3 I          ll            11 1111
0071  052 gradient of refractive index which increases from
l'arriere la lumiere qui arrive A ladite autre surface the longitudinal
axis toward the circumferential       d'extremite. periphery thereof so
that the light introduced           3. Dispositif optique selon la
revendication 2, longitudinally into said light defocusing rod
dans lequel ladite surface reflchissante est through one of said end
surfaces is refracted at    5    convexe vers l'interieur de la tige de
defocalisa- le in part toward said circumferential periphery    tion de
lumiere. to issue outwardly therefrom,                            4.
Dispositif optique selon la revendication 2, the other of said end surfaces
being provided        dans lequel ladite surface reflechissante est with a
reflecting surface for reflecting outwardly     convexe  vers  l'exterieur
du  dispositif  de and backwardly light arriving at said other end    1o
defocalisation de lumiere. surface.
5. Dispositif optique selon la revendication 4 3. An optical device as
claimed in claim  2,         comprenant  en  outre une seconde  surface
wherein said reflecting surface is convex toward       reflechissante
prevue sur ladite surface peripheri- the inside of the light defocusing
rod.                que cylindrique pres de ladite autre surface 4. An
optical device as claimed in claim 2,   15   d'extremite pour reflechir la
lumiere provenant de wherein said reflecting surface is convex toward
ladite surface reflechissante sur ladite autre sur- the outside of the
light defocusing device.            face d'extremite. 5. An optical device
as claimed in claim  4, further comprising a second reflecting surface
Patentanspruche provided on said cylindrical peripheral surface    20
adjacent to said other end surface for reflecting        1. Verfahren zur
Streuung von im wesentlichen light coming from said reflecting surface on
said      kollimierten Licht, das aus einem Lichtleiter aus- other end
surface.                                     tritt, zum Beleuchten des
Mediums in der Umge- bung mit dem dispergierten Licht, gekennzeich-
Revendications                                   25    net durch Einfuhren
des aus dem Lichtleiter aus- tretenden Lichts in einen das Licht
defokusier- 1. Proc6de de dispersion de lumibre a peu pres       enden Stab
durch mindestens ein Ende dessel- collimatee sortant d'une guide de lumibre
de           ben, wobei, der das Licht defokusierende Stab maniere A
illuminer le mileu environnant avec la       aus einem starren,
transparenten Material herge- lumibre dispersee, caracterise en ce qu'il
consiste   30   stellt und durch eine zylindrische Mantelflache a
introduire Ia lumiere sortant du guide de lu-        und zwei zur
Langsachse des Stabes senkrechte, mibre dens une tige de defocalisation de
lumiere       einander gegenuberliegende Stirnflachen defi- par au moins
l'une de ses extremites, ladite tige      niert ist, und wobei der das
Licht defokusierende 



de defocalisation de lumiere etant faite d'une   .     Stab  einen
parabolischen  Gradienten  des matibre rigide transparente et definie par
une    35    Brechungsindex besitzt, welcher von der Langs- surface
peripherique cylindrique et deux surfaces      achse in Richtung auf die
Mantelfliche desselben d'extremite opposees perpendiculaires A l'axe
zunimmt, so [err] das in den das Licht defokusier- longitudinal de la tige,
ladite tige de defocalisa-    enden Stab eingefuhrte Licht, zumindest teil-
tion de lumibre ayant un gradient parabolique          weise, in Richtung
auf die Mantelflache desselben d'indice de refraction qui augmente depuis
l'axe    40    gebrochen wird, urn von dort nach au[err]en auszu-
longitudinal vers sa p6ripherie circonferentielle     treten. de maniere
que la lumiere introduite dans ladite         2. Optische Vorrichtung zur
Streuung von im tige de defocalisation de lumibre soit refractee au
wesentlichen  kollimierten  Licht, welches aus moins en partie vers ladite
peripherie circon-         einem Lichtleiter austritt, mit dem Ziel, das
(den ferentielle pour en sortir vers l'exterieur.          Lichtleiter)
umgebende Medium  mit dem  ge- 2. Dispositif optique de dispersion de
lumiere a     streuten Licht zu beleuchten, gekennzeichnet peu pres
collimatee provenant d'un guide de            durch (folgende Merkmale):
lumiere de maniere A illuminer le miilieu environ-       Es ist eine das
Licht defokusierender Stab vor- nant avec la lumibre dispersee, caracterise
en ce     gesehen, welcher aus einem  starren, trans- qu'il comporte une
tige de defocalisation de    so    parenten Material hergestellt und durch
eine lumibre d'une matiere rigide transparente et d6fl-     zylindrische
Mantelflache und zwei zur Langs- nie par une surface peripherique
cylindrique et        achse des Stabes senkrechte, einander gegen- deux
surfaces d'extremite opposees perpendicu-         uberliegende Stirnflachen
definiert ist; laires a l'axe longitudinal de la tige, ladite tige de   der
das Licht defokusierende Stab hat einen defocalisation de lumiere ayant un
gradient para-   55    parabolischen Gradienten des Brechungsindex, bolique
d'indice de refraction qui augmente de-        welcher von der Langsachse
desselben in Rich- puis l'axe longitudinal vers la peripherie circon-
tung auf seine Mantelflache zunimmt, so [err] das ferentielle de maniere
que la lumiere introduite       in Langsrichtung durch eine der
Stirnflachen in dans la direction longitudinale dans ladite tige de    den
das Licht defokusierenden Stab eingefuhrte d6focalisation de lumiere par
l'une desdites sur-   60    Licht, zumindest teilweise, in Richtung auf die
faces d'extremite soit refractee au moins en partie    Mantelflache
gebrochen wird, um  nach [err] vers ladite peripherie circonferentielle
pour en       aus dieser auszutreten; sortir vers l'exterieur, I'autre
desdites surfaces       die andere Stirnflache ist mit einer reflektier-
d'extremite etant prevue avec une surface refle-       enden Oberflache
versehen, um Licht, welches an chissante pour reflechir vers l'exterieur et
vers   65    dieser anderen Stirnflache eintrifft, nach [err] 4 I 11111
111111111 111111 * C   L   M   S *    7                   0 071 052
8 und rOckwrts zu reflektieren.                      defokusierenden
Vorrichtung ist. 3. Optische Vorrichtung wie sie in Anspruch 2       5.
Optische Vorrichtung wie sie in Anspruch 4 beansprucht ist, bei der die
reflektierende Ober-   beansprucht ist  welche auBerdem eine zweite flache
zurn Inneren des das Licht defokusierenden  reflektierende Oberflache
umfasst, die an der Stab( konvex ausgebildet ist.                 5
zylindrischen Mantelflache, angrenzend an die 4.   ische Vorrichtung wie
sie in Anspruch 2      andere Stirnflache, angeordnet ist, um das Licht,
beansprucht ist, bei der die reflektierende Ober-   welches von der
refiektierenden Oberflache an flache konvex zur Au[err]enseite der das
Licht             der anderen Stirnflache kommt, zu reflektieren. 20 25 30
35 40 45 55 60 65 5    


