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lenses (Japanese Patent Application Laid-Open Publicaton No. 55-29055
(1980)). However, this This invention relates to an apparatus for col-
apparatus suffers from the disadvantage that due lecting solar beams
comprising: a concave first      to chromatic aberration the focus of a
lens system mirror having a central opening; a convex or    5    varies
considerably depending on the wave concave second mirror for receiving the
reflected    length of incident light rays. This fluctuation of solar beams
from said first mirror and for paral-    the focal length leads to the
facts that those light lely aligning and reflecting said beams towards
rays which have a large wave length are not said central opening; and a
concave third mirror     adequately converged towards the inlet of the for
receiving said reflected beams from  said   10   light conductors while the
angle of incidence of second mirror to converge them towards the inlet
those light rays having a small wave length of at least one light conductor
positioned at the    become larger than the critical angle of incidence
focal point of said third mirror.                    of the material
forming the light guides, whereby An apparatus of this type is known from
the problem of the light leakage arises. As a AT-B-343,380. More
specifically, said docu-   15   result, it was not possible to introduce
the whole ment teaches the use of a plurality of mirror        components
of a white light, that is, the sun light, systems in order to increase the
energy output.      which have passed through the marginal area of a This
entails arrangement of the mirror systems in    converging lens,
effectively into the light conduc- a star-type pattern. The disadvantage of
such an     tors. If a single lens system having a relatively arrangement
is that it is difficult to introduce the    20   long focal distance to a
lens diameter, that is, a collected light beams into the light conductor.
small angle of incidence is to be used, then the Moreover, the third mirror
in the various sub-       overall dimension of the collecting apparatus
systems of the known apparatus is arranged           which needs to have a
large light receptive sur- behind the first mirror where it is not readily
face area becomes prohibitive. accessible for adjustment and maintenance
pur-   25    Proceeding on the basis of the prior art accord- poses.
ing to AT-B-343,380 it is the object of the Generally hitherto, various
attempts have been     present invention to  propose an  improved made for
utilization of the solar energy reaching    apparatus for collecting solar
beams. the earth's surface. However, most of the prior art    This object
according to the invention is accom- solar energy systems involve the
transformation    30   plished by means of an apparatus of the type of the
captured solar energy into electric or        described at the outset and
being characterized in thermal energy and, as far as the inventor is
that the three mirrors are parabolic mirrors, that aware, there are very
few that directly utilize the  the third mirror is arranged within the
central solar beams themselves as a source of optical        opening of
said first mirror, that said first and energy. It is obvious that, in
lighting applications,   35   third mirrors have a common focal point, and
that the use of solar energy in the form of optical       said inlet of the
light conductor is placed behind a energy is advantageous, since
transformation         central opening of said second mirror. loss is
obviated. This is possible by collecting the   It is an advantage of the
inventive solar beam solar beams on the earth's surface where the
collecting apparatus that it is compact in size. solar beams arrive,
introducing them into an end    40  It is a further advantage of the solar
beam of a bundle of light guides or conductors for        collecting
apparatus according to this invention transmission therealong and then
allowing them       that all of the collected, condensed solar beams to
issue out of the other end of the light guides to  can be effectively
introduced in a light conductor illuminate the spaces where illumination
is         in such a manner that they propagate therealong required. The
solar beams as introduced into the    45   without leakage. light
conductors propagate therealong by being         According to a first
embodiment of the inven- totally reflected at the boundary surface thereof.
tion there is provided a solar beam collecting The solar beams having an
angle of incidence         apparatus comprising: a first parabolic mirror
for which is larger than the critical angle of incidence  receiving and
reflecting the solar beams arriving of the light guides are not reflected
by the    50   thereon; a second parabolic mirror having a focal boundary
surface and, thus, are able to transmit     point common to that of the
first parabolic mirror through the boundary surface to leak out of the
for reflecting the solar beams from  said  first light guides. The critical
angle of incidence is     mirror to condense them into parallel beams with
normally not greater than about 24[err] for a light      an enhanced light
energy density; a third para- conductor made from pure silicate.
Accordingly,   55   bolic mirror for reflecting said parallel beams the
essential requirement for a solar beam collect-  from  said second mirror
to converge them ing apparatus intended for the above mentioned
towards a focal point thereof; and at least one purposes is that the solar
beams must have an        light conductor having an inlet positioned at the
angle of incidence as small as possible and not      focal point of said
third mirror, so that the solar larger than about 24[err] and they must be
converged    60   beams from said third mirror are introduced into
sufficiently for their introduction into the light   the light conductor.
The problem of chromatic guides which often have a small diameter.
aberration is eliminated by the use of parabolic The inventor has
previously proposed a solar       mirrors in place of lens systems. As the
converg- beam collecting and converging apparatus com-        ence of the
solar beams takes place twice, that is, prising a plurality of lens
systems, such as Fresnel   65   first at the first parabolic mirror and
then at the 2 



3                   0 046 546                       4 third parabolic
mirror, the overall size of the      to this embodiment, it is possible to
converge collecting apparatus can be made compact.           solar beams
effectively and conduct them into the According to the invention in another
aspect,     light conductors, without allowing chromatic there is provided
an apparatus for collecting the    aberration to occur because no
refraction takes solar beams which comprises: a first parabolic    5
place in the optical path up to the light conduc- mirror for receiving and
reflecting the solar       tors. The position of the focal point are the
same beams arriving thereon; a second parabolic          for all rays, even
though the wave lengths vary, mirror having a focal point common to that of
the   and solar beams or white light can be introduced first mirror and
positioned opposite said first      effectively into the light conductors.
It is also mirror with respect to said common focal point   10   possible
to obtain the solar beams with a small for reflecting the solar beams from
the first mirror  angle of incidence in spite of the fact that the to
condense them into parallel beams with an         distance between the
first parabolic mirror and enhanced light energy density; a third parabolic
the light conductor is made considerably shorter mirror having a focal
point positioned roughly at   than in the case wherein only a single
parabolic the center of the second mirror for reflecting the    15
mirror is employed. This enables the apparatus to parallel beams from the
second mirror to con-        be compact. verge at the center of the second
mirror, and; at     The second and third parabolic mirrors 2 and 3 least
one light conductor having an inlet posi-      receive a more dense light
energy per unit surface tioned at the center of the second mirror so that
area than the first parabolic mirror 1. Thus, the the beams from the third
mirror are introduced    20   second and third mirrors 2 and 3 undergo more
into the light conductor.                            severe thermal
distortion than the first. For this Other features and advantages of the
invention    reason, it is preferable to use a highly heat will become
apparent from the following descrip-     resistive material for the second
and third tion.                                                mirrors. The
second and third parabolic mirrors 25    may be made from a plate of
ceramic glass coated Brief Description of Drawings
with an aluminium layer and the first parabolic Fig. 1 is a partial view in
cross-section of an    mirror may be made from a plate of acrylic resins
embodiment of the invention;                         coated with a layer of
aluminium by a conven- Figs. 2 and 3 illustrate examples of optical
tional evaporation coating technique. However, it systems which may be
suitably used in combina-   30   will be understood that the first and
third mirrors tion with the apparatus of the invention, and;       may be
made integrally from a single material in Figs. 4 and 5 are cross-sectional
views of a       the case where the workability of the material and second
and a third embodiment of the invention,     the production costs are
allowable. It is possible respectively.
to enlarge the geometry of the second parabolic 35    mirror 2 about its
focal point F and corre- Description of the Preferred Embodiments
spondingly increase the size of the third mirror 3. Referring to the
drawings, Fig. 1 illustrates a    In this case, the light rays reflected by
the third half of the cross-section of a solar beam collecting  mirror will
again be reflected by the second and converging apparatus according to the
inven-     mirror to become parallel light rays which will be tion, the
other half being omitted to simplify the    40   reflected more than one
time by the third mirror drawing, as the apparatus has the form of a
before they enter into the mouth of the light revolving body turning around
an axis of sym-       guide. metry. In Fig. 1, the reference numeral 1
denotes a   Figs. 2 and 3 illustrate optical devices that may first
parabolic mirror to receive the solar beams L,  optionally be used in
combination with the above --2 is a second parabolic mirror for reflecting
the -    45 described -collecting  apparatus for  further  con- light rays
[err] reflected by the first parabolic mirror  verging the light rays L3
from the third parabolic 1, and 3 is a third parabolic mirror for
reflecting  mirror 3. In the device of Fig. 2, an achromatic the light rays
L2 from the second parabolic mirror   lens 11 having a short focal length
is mounted on 2. These first and second parabolic mirrors 1 and   the
framwork 15 between the inlet end of the light 2 have a common focal point,
as shown at F. The   so   guide 10 and the third parabolic mirror. The
focus of the third parabolic mirror 3 may be        device of Fig. 3
includes a tapered light guide 12 positioned also at F, as shown, or any
other        inserted into a tubular holder 14 which is suitable location.
With this arrangement, the light  mounted to the framework 15. The light
conduc- rays LI reflected by the first mirror 1 are con-    tor 10 is held
in place by means of a support 16. verged toward the focus F to arrive
straight on at   55   The tubular holder 14 receives a light focusing rod
the second parabolic mirror 2 which, in turn,        13 aligned with the
tapered light guide 12 and the reflects the rays towards the third
parabolic       inlet of the light conductor 10. This light focusing mirror
3 in the form of a bundle of parallel light  rod 13 is a gradient-index
cylindrical medium with rays L2 with an enhanced light energy density.
a parabolic refractive index distribution and Then, the third mirror 3
reflects the rays [err] as   60   serves as a converging lens. shown by
arrows [err] that converge towards the         Referring to Fig. 4, there
is shown another focus F. An inlet end of the light conductors or
embodiment of the invention which comprises guides 10 is placed at the
focus F to receive       the first, second and third parabolic mirrors as
in 



therein the thus condensed and converged solar      the first embodiment
and wherein a fourth para- beams to propagate therealong. Thus, according
65   bolic mirror is provided behind the second mirror.    5
0 046 546                         6 In this embodiment, the upper surface
of the          Claims second parabolic mirror 2 is also provided with a
parabolic mirror surface having a focal point           1. Apparatus for
collecting solar beams com- common to the afore-mentioned common focus F
prising: so that the solar beams L' arriving at the back of    5  a concave
first mirror (1) having a central the second mirror 2 are reflected towards
the         opening; focus F. The fourth parabolic mirror 4 has an outer
a convex or concave second mirror (2) for diameter roughly equal to the
inner diameter of       receiving the reflected solar beams [err] from said
the second mirror 2 and has its focal point           first mirror (1) and
for parallely aligning and common to F. The solar beams L falling on the
10   reflecting said beams to wards said central open- first mirror 1 are
reflected by the lower surface of  ing; the second mirror 2 towards the
third mirror 3,         a concave third mirror (3) for receiving said which
in turn reflects them to converge at the         reflected beams [err] from
said second mirror (2) focus F, as in the preceding embodiment. The
to converge them towards the inlet of at least one solar beams L' falling
on the upper back surface    15   light conductor (10) positioned at the
focal point of the second mirror 2 are reflected by the latter    (F) of
said third mirror (3), towards F as shown by arrows [err] and reflected
characterized in that the three mirrors (1, 2, 3) by the fourth mirror 4 to
become parallel beams       are parabolic mirrors, that the third mirror
(3) is L3, directed towards the third mirror 3, which in     arranged
within the central opening of said first turn reflects them to converge at
F. By providing    20    mirror (1), that said first and second mirrors (1,
2) the second mirror with a parabolic upper mirror        having a common
focal, resp. virtual focal point surface and by installing a fourth
parabolic mirror   (F), and that said inlet of the light conductor when
behind the second mirror, this embodiment             viewed in the
direction of the beam from the third enables collection of the solar beams
arriving at     mirror (3) is placed behind a central opening of the back
area of the second mirror, thereby    25   said second mirror. increasing
the efficiency of the apparatus, which       2. Apparatus as claimed in
claim  1, charac- beams would not be collected and utilized in the
terized in that at least said third parabolic mirror first embodiment. It
is also possible to arrange in   (3) is made from a highly heat resistive
material. a side-by-side relationship more than two second        3.
Apparatus as claimed in claim 1 and compris- parabolic mirrors having a
common focal point at   30   ing a convex second mirror, characterized in
that F. This enables the light rays that would otherwise   the surface of
said second parabolic mirror (2) be directed solely to the third and fourth
mirrors    showing away from the reflective surface of said to be
distributed over more than two second           first mirror (1) is formed
with a concave parabolic mirrors so that the light density per unit surface
mirror surface for reflecting the solar beams [err] area of the third and
fourth mirrors is further    35   arriving at the concave side of said
second para- decreased whereby the flexibility for the material    bolic
mirror (2) and in that there is provided a choice and the durability of the
material are         fourth convex parabolic mirror (4) for reflecting
improved.                                             the solar beams
coming from the concave mirror Fig. 5 illustrates a further embodiment of
the      surface of said second mirror (2) towards said invention. In this
embodiment, the solar beam    40   third parabolic mirror (3), said concave
mirror of collector includes first and second parabolic         the second
mirror (2) surface and fourth parabolic mirrors 21 and 22 having a common
focal point at      mirror (4) each having its focal point (F) and its F
and positioned opposite to one another with         virtual focal point
(F), resp., common to that of respect to the focal point F. The collector
also has  said first and second parabolic mirrors (1, 2). a third parabolic
mirror 23. The focal point F' of    45  4. Apparatus as claimed in claim 3,
charac- the third mirror 23 is so selected that it is situated  terized in
that said second parabolic mirror (2) at the center of the second parabolic
mirror 22.      comprises more than two parabolic mirrors The solar beams
arriving at the first mirror 21 are   arranged in a side-by-side
relationship. reflected to pass through the focus F and reach the second
mirror 22, which reflects them  to   so    Patentansprfche become parallel
beams with an enhanced light energy density and directs them  to the third
1. Einrichtung zum  Sammeln von Sonnen- mirror 23. The parallel beams thus
condensed are      strahlen umfassend: then reflected by the third mirror
23 to converge       einen konkaven ersten Spiegel (1) mit einer at the
focus F', where the inlet opening of the light   ss   zentralen Offnung;
conductors 24 are placed. It is possible to provide     einen konvexen oder
konkaven zweiten Spiegel at F' either of the optical devices as shown in
Figs.  (2) zum  Empfangen der reflektierten Sonnen- 2 and 3, so that the
thus condensed and con-          strahlen (LI) von dem ersten Spiegel (1)
und zum verged solar beams are more effectively intro-        parallelen
Ausrichten und zum Reflektieren dieser duced into the light guides. With
this construc-   60    Strahlen auf die zentrale Offnung; tion, it is
possible to visually recognize the posi-    einen konkaven dritten Spiegel
(3) zum Emp- 



tion of the focal point F, so that the relative       fangen der
reflektierten Strahlen (L,) von dem positioning of the first and second
mirrors is        zweiten Spiegel (2) und zum Konvergieren dersel-
facilitated.                                          ben zum Einlaf3
mindestens eines Lichtleiters (10), 65    der am Brennpunkt (F) des dritten
Spiegels (3) 4    0 046 546                        6 In this embodiment,
the upper surface of the          Claims second parabolic mirror 2 is also
provided with a parabolic mirror surface having a focal point           1.
Apparatus for collecting solar beams com- common to the afore-mentioned
common focus F          prising: so that the solar beams L' arriving at the
back of    5  a concave first mirror (1) having a central the second mirror
2 are reflected towards the         opening; focus F. The fourth parabolic
mirror 4 has an outer     a convex or concave second mirror (2) for
diameter roughly equal to the inner diameter of       receiving the
reflected solar beams [err] from said the second mirror 2 and has its focal
point           first mirror (1) and for parallely aligning and common to
F. The solar beams L falling on the    10   reflecting said beams to wards
said central open- first mirror 1 are reflected by the lower surface of
ing; the second mirror 2 towards the third mirror 3,         a concave
third mirror (3) for receiving said which in turn reflects them to converge
at the        reflected beams (12) from said second mirror (2) focus F, as
in the preceding embodiment. The         to converge them towards the inlet
of at least one solar beams L' falling on the upper back surface    15
light conductor (10) positioned at the focal point of the second mirror 2
are reflected by the latter    (F) of said third mirror (3), towards F as
shown by arrows [err] and reflected          characterized in that the
three mirrors (1, 2, 3) by the fourth mirror 4 to become parallel beams
are parabolic mirrors, that the third mirror (3) is L3, directed towards
the third mirror 3, which in     arranged within the central opening of
said first turn reflects them to converge at F. By providing    20
mirror (1), that said first and second mirrors (1, 2) the second mirror
with a parabolic upper mirror       having a common focal, resp. virtual
focal point surface and by installing a fourth parabolic mirror   (F), and
that said inlet of the light conductor when behind the second mirror, this
embodiment             viewed in the direction of the beam from the third
enables collection of the solar beams arriving at     mirror (3) is placed
behind a central opening of the back area of the second mirror, thereby
25   said second mirror. increasing the efficiency of the apparatus, which
2. Apparatus as claimed in claim 1, charac- beams would not be collected
and utilized in the     terized in that at least said third parabolic
mirror first embodiment. It is also possible to arrange in   (3) is made
from a highly heat resistive material. a side-by-side relationship more
than two second        3. Apparatus as claimed in claim 1 and compris-
parabolic mirrors having a common focal point at   30  ing a convex second
mirror, characterized in that F. This enables the light rays that would
otherwise  the surface of said second parabolic mirror (2) be directed
solely to the third and fourth mirrors    showing away from the reflective
surface of said to be distributed over more than two second           first
mirror (1) is formed with a concave parabolic mirrors so that the light
density per unit surface    mirror surface for reflecting the solar beams
(U) area of the third and fourth mirrors is further   35   arriving at the
concave side of said second para- decreased whereby the flexibility for the
material    bolic mirror (2) and in that there is provided a choice and the
durability of the material are         fourth convex parabolic mirror (4)
for reflecting improved.                                             the
solar beams coming from the concave mirror Fig. 5 illustrates a further
embodiment of the      surface of said second mirror (2) towards said
invention. In this embodiment, the solar beam    40   third parabolic
mirror (3), said concave mirror of collector includes first and second
parabolic        the second mirror (2) surface and fourth parabolic mirrors
21 and 22 having a common focal point at      mirror (4) each having its
focal point (F) and its F and  positioned opposite to one another with   .
virtual  focal point (F),resp.,common to that Qf respect to the focal point
F. The collector also has  said first and second parabolic mirrors (1, 2).
a third parabolic mirror 23. The focal point F' of   45  4. Apparatus as
claimed in claim 3, charac- the third mirror 23 is so selected that it is
situated  terized in that said second parabolic mirror (2) at the center of
the second parabolic mirror 22.      comprises more than two parabolic
mirrors The solar beams arriving at the first mirror 21 are   arranged in a
side-by-side relationship. reflected to pass through the focus F and reach
the second mirror 22, which reflects them  to   50    Patentanspruche
become parallel beams with an enhanced light energy density and directs
them  to the third           1. Einrichtung zum  Sammeln von Sannen- mirror
23. The parallel beams thus condensed are      strahlen umfassend: then
reflected by the third mirror 23 to converge       einen konkaven ersten
Spiegel (1) mit einer at the focus F', where the inlet opening of the light
55   zentralen Offnung; conductors 24 are placed. It is possible to provide
einen konvexen oder konkaven zweiten Spiegel at F' either of the optical
devices as shown in Figs.  (2) zum  Empfangen der reflektierten Sonnen- 2
and 3, so that the thus condensed and con-          strahlen (LI) von dem
ersten Spiegel (1) und zum 



verged solar beams are more effectively intro-        parallelen Ausrichten
und zum Reflektieren dieser duced into the light guides. With this
construc-   60    Strahlen auf die zentrale Offnung; tion, it is possible
to visually recognize the posi-    einen konkaven dritten Spiegel (3) zum
Emp- tion of the focal point F, so that the relative       fangen der
reflektierten Strahlen (L) von dem positioning of the first and second
mirrors is        zweiten Spiegel (2) und zum Konvergieren dersel-
facilitated.                                          ben zum EinlaB
mindestens eines Lichtleiters (10). 65    der am Brennpunkt (F) des dritten
Spiegels (3)    7                    0 046 546                         8
angeordnet ist, dadurch gekennzeichnet, dal3 die       premier miroir (1)
et A aligner et r6flechir de drei Spiegel (1, 2, 3) Parabolspiegel sind,
daBi der   manibre parallele ces faisceaux vers ladite ouver- dritte
Spiegel (3) in der zentralen Offnung des       ture centrale, un troisieme
miroir concave (3) ersten Spiegels (1) angeordnet ist, dall der erste
destine 3 recevoir lesdits faisceaux reflechis (L2) und der zweite Spiegel
(1, 2) einen gemeinsamen  5    provenant du second miroir (2) afin de les
faire Brennpunkt bzw. virtuellen Brennpunkt (F) haben       converger en
direction de l'entree d'au moins un und daB der EinlaB des Lichtleiters,
gesehen in        conducteur lumineux (10) dispose au foyer (F) de Richtung
des von dem dritten Spiegel (3) kom-          ce troisieme miroir (3),
caract6rise en ce que les menden Strahis hinter einer zentralen Offnung
trois miroirs (1, 2, 3) sont des miroirs paraboli- des zweiten Spiegels
angeordnet ist.            10   ques, en ce que le troisieme miroir (3) est
dispose 2. Einrichtung nach Anspruch 1, dadurch ge-          a I'interieur
de l'ouverture centrale du premier kennzeichnet, daB zumindest der dritte
Parabol-        miroir (1), en ce que lesdits premier et second spiegel (3)
aus einem  hoch-hitzebestandigen           miroirs (1, 2) ont un foyer, ou
foyer virtuel (F) Material hergestellt ist.
commun et en ce que ladite entr6e du conducteur 3. Einrichtung nach
Anspruch 1, mit einem kon-    T6   lumineux, quand on considere la
direction du fais- vexen zweiten Spiegel, dadurch gekennzeichnet,
ceau provenant du troisieme miroir (3), est situ~e daB die Oberflache des
zweiten Parabolspiegels         derriere une ouverture centrale du second
miroir. (2), welche von der reflektierenden Oberfliache         2. Appareil
tel que revendique dans la revendi- des ersten Spiegels (1) abgewandt ist,
mit einer       cation 1, caract6rise en ce qu'au moins le troi- konkaven
parabolischen Spiegeloberflache ver-   20   sieme miroir parabolique (3)
est r6alise en un sehen ist, um die Sonnenstrahlen (L) - die auf
materiau hautement resistant A la chaleur. der konkaven Seite'des zweiten
Parabolspiegels          3. Appareil tel que revendique dans la revendi-
(2) eintreffen, zu reflektieren und daB eine vierter   cation 1 et
comprenant un second miroir convexe, konvexer Parabolspiegel (4) vorgesehen
ist, um         caracterise en ce que la surface dudit second die von der
konkaven Spiegelflache des zweiten    25    miroir parabolique (2) qui est
tournee A l'oppos6 Spiegels (2) eintreffenden Sonnenstrahlen zu
par rapport A la surface refl6chissante du premier dem  dritten
Parabolspiegel (3) zu reflektieren,       miroir (1) presente une surface
refl6chissante wobei die konkave Spiegelflache des zweiten
parabolique concave destinee A refl6chir les fais- Spiegels (2) und der
vierte Parabolspiegel (4)         ceaux solaires (L') parvenant sur le c6te
concave ihren Brennpunkt (F) bzw. ihren virtuellen Brenn-   30    de ce
second miroir parabolique (2), et en ce qu'il punkt (F) gemeinsam  mit dem
Brennpunkt des            est prevu quatrieme miroir parabolique convexe
ersten und des zweiten Parabolspiegels (1, 2)         (4) destine A
reflechir vers le troisieme miroir haben.
parabolique (3) les faisceaux solaires provenant 4. Einrichtung nach
Anspruch 3, dadurch ge-          de la surface reflechissante concave du
second kennzeichnet, daB der zweite Parabolspiegel (2)   35    miroir (2),
ladite surface reflechissante concave mehr als zwei Parabolspiegel umfalt,
die neben-       du second miroir et le quatrieme miroir paraboli- einander
angeordnet sind.                              que (4) presentant chacun
respectivement son foyer (F) et son foyer virtuel (F) confondu avec
Revendications                                        celui desdits premier
et second miroirs paraboli- 40    ques (1, 2). 1. Appareil pour collecter
des faisceaux              4. Appareil tel que revendique dans la revendi-
solaires, comprenant un premier miroir concave         cation 3,
caract6rise en ce que le second miroir (1) pr6sentant une ouverture
centrale, un second       parabolique (2) comprend plus de deux miroirs
miroir convexe ou concave (2) destine A recevoir       paraboliques places
suivant-une-disposition rela- - les faisceaux solaires reflechis (Li)
provenant du    46   tive c6te a cote. 50 55 60 65    


