
Description This invention relates to a solar energy collector, more
particularly to an apparatus for collecting sunlight for concentration and'
introduction into an optical conductor for transmission therealong. 5
Hitherto, various attempts have been made to utilize the solar energy
reaching the earth's surface. Most of the prior art systems involve the
transformation of the captured solar energy into electric or' thermal
energy. There have been very few that directly utilize the light of solar
radiation as a source of optical energy. For lighting applications,
however, the direct use of solar energy in the form of light is preferable
as there is no transformation loss, Sunlight canbedirectly used by
collecting it on the earth's 10 surface where the sunlight arrives,
concentrating the sunlight into a bundle of dense light by means of a
convergent lens system, introducing it into an optical conductor or optical
fiber cable for transmission therealong, then allowing it to issue out of
the exit of the optical conductor or optical fiber cable to illuminate the
region where illumination is desired. The problem with such sunlight
collectors is that it is difficult to substantially collimate the collected
15 and concentrated sunlight. The reason why it is necessaryto
substantially collimate the light is that the sunlight introduced into the
optical fiber cable propagates therealong by repeated reflection on the  -
boundary surface between the core and the cladding. The light that impinges
on the boundary surface at an angle of incidence larger than the critical
angle of incidence is' not reflected back to the core, but is transmitted
toward the cladding to leak put of the cable. Accordingly, it is essential
for a sunlight collector 20 that the outgoing light be substantially
collimated. This is particularly true in the case where a tubular light
guide with or without inner mirror surface is employed as a light
conductor.. FR-A-2 434 996 discloses an apparatus according to the preamble
of claim 1 employing a normal fiber bundle, one end of which is arranged at
the focus of the convergent system. It is an object of the present
invention to provide an apparatus for collecting sunlight which is capable
26 of more effectively collimating the collected and concentrated light.
Another object of the present invention is to provide an apparatus for
collecting sunlight which is simple in construction and is easy to
manufacture. This is accomplished by a device as characterized in claim 1.
With this arrangement, the sunlight collected -and condensed by the
convergent lens system is, 30 substantially collimated so that it is
introduced without loss into an optical fiber cable or light guide. This
enables the use of an optical fiber cable. having a smatler numerical
aperture. Figure 1 is a cross-sectional view of the apparatus -according to
the invention; and Fig. 2 is a graph showing the distribution of the
refractive index of the light collimating rod of the apparatus of Fig. 1.
Referring to Fig. 1, there is shown an embodiment of the apparatus
according to the invention. The 35 apparatus includes convergent lens 1 and
light-collimating rod 2 mounted on a suitable frame (not shown), in
alignment with one another. Optical fiber cable 3 is positioned at the
opposite side of convergent lens 1 in such a manner thatthe inlet thereof
is located adjacent to and in alignment with light collimating rod 2. The
light collimating rod 2 has a gradient refractive index which increases
from the central axis toward the periphery along a parabolic curve, as
shown in 'Fig. 2. Such light collimating rods with parabolic 40 gradients
of refractive index may be prepared by the two-step copolymerization of
diethylene glycol bis (allyl carbonate) with phenyl methacrylate or vinyl
benzoate lsee Appl. Phys. Lett., 23, 247 {1973); and, Appl. Opt., June 1,
1981, article by Y. Ohtsuka et al. As illustrated in Fig. 1, the relative
position of light collimating rod 2 and convergent lens 1 is such that
focus F of the lens is located within light-collimating rod 2. 45     In
use, sunlight passed through convergent lens 1 isconverged toward focus F.
On entering the light collimating rod 2, the convergent light undergoes
refraction to become a pencil of collimated light which transmits the
optical fiber cable 3 along the central axis of light collimating rod 2, as
shown by the arrows. The light collimating rod and optical fiber cable -may
be selected according to the following information: Assuming the diameter
of light collimating rod to be d mm, the diameter of the bundle of 5o
parallel light rays to be [err] the length of light collimating rod 2 to be
z mm, the refractive index at the central portion of light collimating rod
2 to be [err] and the refractive-index distribution constant to be b, the
refractive index [err] of light collimating rod 2 at the peripheral portion
distant by r from the central axis is determined by the following equation:
55                                  [err] Assuming b=0.003, d=10.2 mm, and
[err] [err] 60 This means that the refractive index at the peripheral
portion of the light collimating rod is 1.559. Further, assuming the
distance between focus F and the inletsurface of the rod to be [err] the
reduction ratio [err] may be expressed as follows: 65
[err] 



2    0 071  100 Actual 'use of a light collimating rod'having refractive
indices of [err] and [err], a diameter 10.2 mm, and a length i of 29.7 mm'
showed it was possible to obtain a pencil of parallel light having a
diameter [err] of 1.734 mm. Accordingly, by substituting the value 0.17 for
the reduction ratio [err] in equation (3): [err] To find the value of I,
from equation (4), [err], is -8.658. That the resultant value is negative
is due to the fact that the distance [err] was measured in the direction of
the path of the light. Thus, the actual position of 10 the image is 8.658
mm from the inlet surface of the light collimating rod. Accordingly, if
optical fiber cable 3 having a diameter equal to or slightly greater than
[err] mm isconnected to the exit of light defocusing rod 2,' it is possible
to effectively introduce light rays into optical fiber cable 3 Claims 15 1.
An apparatus for collecting sunlight, comprising a convergent lens system
(1) for receiving and concentrating sunlight arriving thereon. and a light
conducting means (2, 3) aligned-with said convergent lens system (1) for
receiving concentrated sunlight from said convergent lens system (1) for
transmission there along, characterized in that said light conducting means
(2, 3) comprises a light collimating rod (2) 20 having' a gradient
refractive index which increases from the central axis toward the periphery
thereof, that said convergent lens system (1) is arranged with respect to
said light collimating rod (2) such that the focus (F) thereof is located
within said light collimating rod (2) and that said light collimating rod
is aligned with said convergent lens system (1). 2. The apparatus as
claimed in claim 1, wherein a light conductor cable (3) is connected to the
outlet 25 side. of said light collimating rod (2). Patentansprruche 1. Gent
zum  Sammeln von Sonnenlicht, utnfassend: ein bundelndes Linsensystem. (1)
zum 30 Empfangen und Konzentrieren des darauf fallenden Sonnenlichts und
eine Lichtleiteranordnung (2, 3), welche bezuglich dieses bUndelnden
Linsensystems (1) flachtend ausgerichtet ist, um das konzentrierte
Sonnenlicht von dem  bUndelnden Lichtsystem  (1.) Pirigs derselben (der
Lichtleiteranordnung) zu Obertragen, dadurch. gekennzeichnet, daB die
Lichtleiteranordnung einen Licht-Kollimationsstab (2) umfasst, welcher
einen Gradienten des Brechungsindex besitzt, der von der Mittelachse in
Richtung auf die 35 Peripherie desselben  zunimmt, dall das bundelnde
Linsensystem  (1) bezoglich  dieses Licht- Kollimationsstabes (2) derart
angeordnet ist, daIR sein 8rennpunkt (F) irfnerhalb dieses Licht-
Kollimationsstabes (2) liegt, und  daS  dieser Licht-Kollimationsstab
bezuglichf des bandelnden Linsensystems (1) fluchtend ausgerichtet ist. 2.
Gerat wie es in Anspruch 1 beansprucht ist, bei dem mit der Auslaliseite
des Licht- 40 Kollimationsstabes (2) ein Lichtleiterkabel (3) verbunden ist
Revendications 1. Dispositif pour collecter la lumiere solaire, comprenant
un systeme de lentilles convergentes (1) 45 destine a recevoir eta
concentrer ia lumiere solaire incidernteetdes moyens de conduction de la
lumiere (2, 3) alignds sur ledit systeme de lentilles convergentes '1)l
pour recevoir la lumiere solaire concentrde provenant dudit systAme, de
lentilles convergentes (1) pour qu'elle soit transmise le long de ces
moyens, caract6ris6 en ce que lesdits moyens de conduction de la lumnire
(2, 3) comprennent une canne (2) de collimation de Ia lumibre possedant un
indice de refraotion progressif qui crolt de Baxe central vers sa 50
pdripherie, en ce que ledit systbme de lentilles convergentes (1) est
dispose par rapport a ladite canne (2) de collimation de la lumiere de
telle manibre que son foyer (F) soit situe a l'interieur de ladite canne
(2) de collimation de la lumiere, et - en ce que ladite canne de
collimation de la 4uriimre est alignee sur ledit systeme de lentilles 55
convergentes. 2. Dispositif selon la revendication 1, dans 1equel un cable
conducteur de lumibre (3) est raccord6 au cot6 de sortie de ladite canne
(2) de collimation de la lknibre. 60 65 3   
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convergent lens system (1)  for receiving and concentrating sunlight
arriving thereon,and a light conducting means (2, 3) aligned with said
convergent lens system (1) for receiving concentrated sunlight from said
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