A TUBULAR LI GHT TRANSM TTI NG UNI T AND ASSEMBLY The present jihvent i on(s
relates to a tubular light transmtting unit capable of efficiently
transferring optical energy such as sol ar energy converged by an optical..
systemto any desired | ocation. The present 5 invention also relates :
energy transmtting assenbly using such a tubular unit. Variou&t
t echni ques have heretofore been proposegd by the applicant in order to
converge light froma light source such as sunlight into a |ight
transmitting elenent 10 by neans of an optical system such as a |ens,
that the light may be transmtted through the elenent to a desired pl ace
for the purpose of illumnation-or the like. In effectively introducing
sunlight converged by the optical systemand transmtting the |ight
effectively with a 15 mnimum of | o0ss throughout the transm ssion path,
Is a prerequisite that thg tugbiakrersHT tTRANSMITIENG be nade of a materi al
whi ch causes | east attenuaiio fblﬁ T fherefore, features excellent
transm ssibility. Such nateriggé—ﬁafggejgéggirEd by silica glass or fused

silica, 20 as well known to the art. Silica glass, however, is quite

optigcal

expensive and so will

a sunlight supply device which the applicant has proposed and require a
| arge number of such el ements. Thus, the use of silica glass for light 25
transmitting elenents have so far failed to be readily practiced.. Were
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optical energy such as solar energy converged by an
optical system to any desired location. The present
invention also relates to an optical energy
transmitting assembly using such a tubular unit.

Varibus techniques have heretofore been proposed by
the applicant in order to converge light from a light
source such as sunlight into a light transmitting element
by means of an optical system'such as a lens, so that the
1ight'may'be transmitted through the element to a desired
place for the purpose'of illumination or the like. 1In
effectively introducing sunlight converged by the optical
system and transmitting the light effectively with a
minimum of loss throughout the transmission path, it is a
prerequisite that the light transmitting element be made
of a material which causes least attenuation to light and,
therefore, features excellent transmissibility. Such
materials may be typified by silica glass or fused silica,
as well known to the arﬁ._ Silica glass, however, is quite
expensive and so will be a light transmitting-element
used in, for example, a sunlight supply device which the
applicant has proposed and require a large number of -
such elements. Thus, the use of silica glass for light
transmitting elements have so far failed to be readily
practiced. Where sunlight is converged by a lens or like
optical system, it is impossible to focus all the wave-
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length conponents thereof to one point due to the chromatic aberratjon
wit-.fshe result that the focussed i mage of the sun inevitably has certain
Stated another way, it is quite difficult to introduce.into an
i ber all the solar energy converged by the optical system
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the transportation of installation thereof
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According to one aspect of the present invention
there is provided a tubular light transmitting unit for
transmitting optical energy from a light source to a
desired location, comprising a tubular member made of
silica glass. and defining a bore, at least one of a
light inlet end portion and a light outlet end portion
of the tubular member being plugged by a transparent
plug member having a refractive index which is 1less
than or equal to the refractive index of the tubular
member. _ | _

In a preferred . embodiment of the present.
invention, the bore ihside_ the tubular member is
plugged at each of_its light inlet and-light'outlet ehd
portions by a transparent-plug member whose refractive
index is equal to or smaller than that of the tubular
member. -

An end face of the plug member ﬁositioned inside
the bore of the unit may be flét, convex, or concave.
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There may al so be provided a plurality of optical fibers which are

I ndi vidual |y connected with the outer periphery of the tubular nenbe
gui de the optical energy into the tubular nmenber through said outer
peri-phery. The di aneter of the tubular nmenber may be smaller at the
outhgt end portion than at the light inlet €nd portion. There may al so be
provided'gn optigal system for converging the optical energy fromth
source and introducing the converged optical .ener .0 the inlet
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introducing the convergéd optical energy onto the inlet
end portion of the unit.
According to another aspect of the invention there

is provided a tubular light transmitting assembly for.

transmitting optical energy from a light source to a
desired 1location 'and having a plurality of tubular
light transmitting units, each of the units comprising
a tubular member made of silica glass gnd defining a

bore, at least one of a light inlet end portion and a

light outlet end portion of each said tubular member
being plugged by a transparent plug member having a
refractive index which is less than or equal to the
refractive index of that tubular member.

At at least one end of the assembly, the plurality
of tubular light transmitting units may be bundled up
together. ' . _

In a described embodiment, a space or spaces
between adjacent ones of the tubular members at said
one end of . the assembly is or are plugged by a
transparent material which has a refractive index which
is smaller than or equal to the refractive index of the
tubular members. _ o _

" Reference will now be made to the accompanying
drawings, in which:
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@l |l er than or equal to the refractive index of the tubular nenbers.
w Il now be nade to the acconpanyi ng draw ngs, in which:

8s 1-3 are sectional side elevations showing different forns.of a
ght transmtting elenent; Figures 4-6 are sectional side

4 -

el evations show ng sonme exanpl es of nodifications of a basic tubular Iig@ﬁ
ng elenent; Figures 7-9 ape views of sone exanples of an optical
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syst em whi
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ch neighbors a light inlet end of a tubular light transmtting
el enent ; Fi gur FiByries 4-3i eneoseghiorakpsidef ehavapional skgwimgn which
nei ghbor s da fifiegeintoutflodimsendie Figureutdar S BigheW ohadshigbingnl et end

t lear light transmtting unit according to the present
l%ﬁguré 1llb is a section along line X-X of Figure 1lla; Figure 12

is a section oFigurssi fi-6amirensectinnatnbbdenehevahbomsi shéwinges 1la and

11b; Fi guisdmel 3anPied 38f idd i £Vt InL b reXeBREALY taBSEAP! Vi gwpsti tuted by
I nvention; Figure 14 is

tubul ar i
a vi ew of
el enent s;
i n Fi-gure

ht transmtting el ements of the present
t%ﬁ@?ﬁé%tﬂaﬁnﬁgﬁgﬁﬁé;aSSeany of the tubular |ight transmtting

Fi guFdguTeiss B~-9i areof vaewndidf cabmen éxamplesonst raigti on shown

o%%ﬁcal system which neighbors a light inlet end of a
tubular light transmitting element;

Figure 10 is a view of an example of an optical
system which neighbors a light outlet end;

Figure 11a is a view of a light inlet end portion
of a tubular light transmitting unit according to the
present invention; '

Figure 11b is a section along line X-X of Figure
11a; o ' ' '

Figure 12 is a section of a modification to the
embodiment shown in Figures 11a and 11b;

Figures 132 and 13b are views of an exemplary
assembly constituted by tubular 1light transmitting
elements of the present invention; o

Figure 14 is a view of another form of the
assembly of the tubular light transmitting elements;

Figure 15 is a view of a modification to the
construction shown in Figure 1i4;

Figure 16 is a view of another embodiment of the

- present invention;

Figures 17a and 17b are views of a médified fdrm
of the outlet end of the tubular member shown in Figure

163 and

Figure'18 is a view of the tubular element shown
in Figure 16 which is in an exemplary state of use.

While the tubular light transmitting element and
optical energy collecting and transferring device of
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Figure 16 is a view of another enbodi nent of the present invention; Figur;
17a and 17b are v!ems of a nodified formof the outlet end of the iubula
nmenber shown in Figure 16; and Figure 18 is a view of the tubul ar el ement=
shown in Figure 16 which is in an exenplary state of use. While the tubul ar
ligQt, transmtting elenent and optical energy collecting and transferring
devi ce of the present invention is sugiqptible of nunerous physi cal

enbodi nents, dependi ng upon the environnenht and requirements of use,
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. al embodiments of the present invention.

o Referring to Figure 1 of the drawings, a tubular

&«E light transmitting element is shown and generally
designated by the reference numeral 10. The tubular
element is made of silica glass. As previously

described, silica glass 1is well known as a material
which exhibits good transmissibility to light and has
heretofore been used to constitute the cores of optical
fibers and the 1like. Optical fibers, however, find
application mainly to optical data transmission or
the like and are very small in diameter. Therefore,
optical fibers are unsuitable for use as an optiecal
energy transferring medium which has to allow a large
amount of optical energy to be efficiently introduced
therein and transmitted therethrough. 'In 1light of
\/ . this, the tubular element 10 is designed such that
convergent of parallel rays of light L provided by a
~ lens or 1like optical system (not shown) becomes
- _ incident on a light input'end of 10' of the tube 10 and

propagates through the tube 10. Such a hollow
" s configuration of the 1light transmitting element

minimizes the consumption of silica glass, production
cost and overall weight.



optigal fibers are unsuitable for use as an optical energy transferring
med ‘whi ch has to allow a | arge anount of optical energy to be
effifefently introduced therein and transnitted therethrough. In.light of
this, the tubular elenent 10 is designed such that convergent of parallel
rays of light L provided by a lens or |ike optical system (not shown)
becones incident on a |ight input end of 10" of the tube 10 and propagates
through the tube 10. Such = 5%otlow configuration of the |[ight
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optical ,energy to a desired place without any wasteful 5 em ssion to the
outside. An additional function of the clad layer 16 is protecting theégj
tube 10 which is nmade of silica glass. Also, retaining the silica glass
tubg. 10 through the clad layer 16 will elimnate the rel ease of the optical
eneLgy at the retaining section. 10 Referring to Figure 3, the
optical energy transmt- ted through tHi€~t ube 10 may be picked out at a
-desired portion of the tube 10 by the illustrated arrangenent. The tube 10
made of silica glass is provided on its side wall 14 with a light diffusing

menber 18 whose o @fraGib%e1h5mayl BHEEr! Ehe! 8i4€TwalEN 4 hivt Hflcsdddiom gl ass.
Wth this arrangenent [ [
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member 18 and RN a3RraNG SROWRoReckehgItApPLubd 10 whichube m&de 10
shown in Figure 2, it. wll be readily undet d aL s '
receiving_nenbé#géﬁ&ﬁﬁﬂ'g%ﬁ%ﬁror%ﬁgoapgﬁggg§%§§et%g %hgyﬁﬁbglé%ghﬁﬂﬂﬁ in
Figure 1 as well0 tiRgfoargh ripet clmidgdeyers 1§, Wééﬁeeé*@ﬁﬁﬁﬁ?yu&?r’éﬁj;%"i‘s?‘rents

Of the tubul ar ¢ ghfe (gAY e gyl @ERhe3Retadhingi bbusloat ed. I'n
Figure 4, the tube 107 s bent i !
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In, Figure 6, the 35 n tawapld didhe190 vy ahehad hgtkratedi dedanieinent.
ha smrrer The tube 10 made of silica glass is provided on its side
wall 14 with a light diffusing member 18 whose refractive
15 index is larger than that of silica glass. With this
arrangement, light passing. through the side wall 14 of
the tube 10 will be discharged to the outsiae through the
light diffusing member:lB. When it is desired to dis-
charge a larger amount of optical energy to the outside,
20 a mirror 20 may be located in the bore 12 or the side
wall 14 of the tube 10 as illustrated so that the light
L" reflected by the mirror. 20 becomes incident on the
light diffusing member 18. While in Figure 3 the member
18 and mirror 20 are shown as being applied to the tube
(_ 25 10 shown in Figure 2, it will be readily understood that
- such a light receiving member and/or a mirror is appli-
cable to the tube 10 shown in Figure 1 as well.

e . Referring to Figures 4-6, some exemplary arrange-
_ ments of the tubular light transmitting element
. 30 are illustrated. In Figure 4,. the tube

10 is bent in generally L-shape and a mirror 20' is
located at the L-shaped bend. In Figure 5, the tube 10
is branched in generally T-shape while a prism 22 is
poéitioned at the branching section. In Figure 6, the
35 tube 10 is also branched but provided with a half-mirror



con gﬁzent'or parallel light rays L to the inlet end of the tube 10 may
conp’se a convex lens 5 26 as shown in Figure 7 or the conbination of a
~convex lens 26 and a concave |lens 28 as.shown in Figure 8 The convex,|ens
26 in Figure 7 causes rays of sun or the like to converge so that the kj
convergent rays Lc becone incidenf-on the inlet end 10' of the tube 10. The
convex lens 26 10 in Figure 8 functions in the sane manner as in Figure 7
whil e the concave lens 28 transforns the convergent rays fromthe convex
lens 26 ipto parallel rays Lp and feeds themto the tube 10. The conbi ned

| ens system shown in Figure 8 provides substantially parallel |ight rays
which 15  wi Ep Sé°§UB§t§h§|59?99@@@%J¢§ram§émﬁntsjthetdptnqakn surface of
the t ?beméanandort begaiﬁgecow%fé@ﬁé Sh éi;ﬁaimt%é%@% ® 8 of th

si gni fi capt r e t recejving sdrface o] e
cogc ve angx SEggggr%z\}gd§£ é\ﬁ X%b?rgﬁqgg%é FRFLge &Y E*atied® i n or der
20 >to RPnPfi §B°‘anl 38 sFHgere o7 rex | the i combirer iain  ofhe lozirsreay st em shown in
Figure 7lens8zaaan@eare@h@&e@| Denam iyl ol #PridlAs 4 | uglgrated in

Fi gure 9 a mrror 30 is nounted on the inlet end of the tube
16920 tha?;[?ﬁx ? ﬁf‘f‘? Iic_) g‘?’é?lic‘fae‘ffﬁﬁ/ T3yt A AHn BF the dikene end face

14" of the §©ﬂﬁemm¢ISQ4tla4tttiBet¢deerdent :I:ﬂiysnmc e dondd deicadiepy t he

nirror 38 Iﬂﬁ@ { g | Wi tof, e 10 S mn in Figure *#
e REet D {b: Je ggﬁgceg{ to & H%%¥g§ B end- 10"

?Hconve e&s 3$ng$% be | ocate
of e tiBe PR ckieps rF-rFldeﬁ esaI'!F manir@rc@rwem |F<mslr:¢2 Ti s adapted to
focus pavhilel theysoncaws-lens 28 transforms the convergent rays
from the convex lens 26 into parallel rays Lp and feeds l;i
them to the tube 10. The combined lens system shown in
Figure 8 provides substantially parallel light rays which
15 will be substantially totally reflected by the inner
surface of the tube 10 and, therefore, its loss inside the
tube 10 will be significantly reduced. Preferably, the
light receiving surface 28' of the concave lens 28 is
provided w1th a meniscus or flat configuration in order
- 20 to minimize a loss due to reflection thereat.

24. each of the foregoing arrangenents,the optical nmeans for feeding
3
S

The lens system shown in Figure 7 or 8 may be replaced
by an annular mirror 30 as illustrated in Figure 9. The
annular mirror 30 is mounted on the inlet end 10' of the
tube 10 so that the light rays L' reflected by, for exam-

25 ple, the end face 14' of the side wall 14 at the tube ;_)
inlet 10° may be reflected by the mirror 30 into the tube
10. ' '
In combination with the tube 10 shown in Figure 8, a '}
. convex lens 32 may be located adjacent to a light outlet .
30  end 10" of the tube 10 as indicated in Figure 10. The a

convex lens 32 is adapted to focus parallel rays trans-
‘mitted through the bore 12 of the tube 10 and causes the
convergent rays L to enter a tubular light transmitting
element or optical fiber 34 smaller in diameter than the
35 tube 10. With this arrangement, optical energy can be
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to enter a tubular light transmtting elenent or optical fiber 34 snallfe
i.n diameter ;than the 35 tube 10. Wth this arrangenent, optical ener$
can be | -8- transmtted using the tube or optical ‘fiber 34 which is |ight

qgt and incostly. It will be clear that the convergent rays L fromthe
convex lens 32 may be trans- formed i m8> parallel rays by a concave |ens
(not shown) 5 before introduced into the tube or optical fiber 34.

Referring to Figures |la and IIb an enbodi rent of the present invention is
shown. Figure |la shows
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mtted through the bore 12 of the tube 10 and causes the convergent ray

whi ch forng thpesbsge mttod\dc@d 110 t b q@em%#aq,eal iber J4e wall 14,
whi ch is excellent k kgh‘égtEgr@{T%&féerféféﬁd ey, dd aa&j‘cﬂmetﬂte I nput
light rays'L to any ﬁe I.red” | ocat

At _the current stage ofg lgprent ,
it is easy to pfotheepxesent invemntipnis 2?)1"°"”?>00(-:%‘| %‘ﬁl out sl de di amet er

D and has a boggile dhgensr OBEdtl‘}QOt{ﬂ&érI].OIwhﬁlarmi@mrej 1lnds @ Gﬁqf.gﬁsqrbnoed
of 2 3001 d tubeiPEs LHEeSEaE BF aRbvare EIRE orry héuﬁ%tlp‘.’“g"‘fﬁ“‘ PmAL-36%
npdi fi cat lon t menktehesbdds- inket ﬁnﬁt 1%0%01’33% gﬁ AR ég?ﬁ%‘, s
Indlcated pﬁ%ﬁwﬁember 36 made of silica glass hav1ng a refractlve
k_; jndex which is equal to or smaller than that of the tube
10. Light rays L converged by a lens or like optical
system is conducted by the transparent plug 36 into the
15 silica glass which forms the side wall 14 of the tube 10.
The silica glass side wall 14, which is excellent in
light transmission eff1c1ency, transfers the input light
rays L to any desired location. At the current stage
of development, it is easy to produce a tube 10 which is
20 500 um in outside diameter D and has a bore 12 dimensioned
400 pm in diameter 'd. The so dlmens1oned tube 10 requires
silica glass consumptlon which is not more than about 36%
of a solid tube for the same diameter D.
Referring to Flgure 12, a modification to the embodi-
% 25 ment shown in Figures lla and 11b is indicated. As shown,
the tube 10 is provided w1th a modified plug member 36'
which not only stops the inlet end of the tube 10 but

s ' covers the end face 14' of the side wall 14. This arrange-
ment, like that of Figures lla and 11b, successfully
= 30 guides the converged optlcal energy into the side wall 14

of the tube 10 which is made of silica glass.

" In a preferred construction, the output end 36a of
the plug 36 or 36' shown in Figures lla and 1llb or 12 is
shaped flat as indicated by a solid line, concave as

35  indicated by a dash-and-dot line or convex as indicated



t he t,be 10 is provided with a nodified plug nmenber 36" which not only

e inlet end of the tube 10 but covers the end face 14' of the side,
. This arrange- nent, like that of Figures |Ila and Ilb, successfully
30 gU|des t he converged optical energy into the side wall 14 of the tube
10 which is made of silica glass. In a preferred construction, the outpuké
end 36a of the plug 36 or 36 showﬁ in Figures Ila and Il b or 12 is shape
flat as indicated by a solid line, concave as 35 i ndicated by a
dash-and-dot |ine or convex as indicated -9- by a dash-and-dots line so

that out pidy ra?l)d%élf-@ﬁd-]a%t%ﬂﬂ c'l?ﬁ directed into the
si de wal | sjtfa}: h.&at ube 10, \/J\'hq’fégﬁ%?s%h%d qsél( ﬁ:l%é’a Sﬁ’%é hfhis will
reduce t hé & eFFesHivied vt I@%@gﬁ#eﬁ intice ther @iti2 and ni nini ze
t he transmaddi cm IOtfssl:het I‘wbreby.opr WHAlchNd sefaidel ¥ ginaRs ?la% the opti cal
energy. Rahgrsr t ere i s shown an_exanple of an
assenpl y Eggg 3Eg&fqi33% %ﬁP“P&aﬁzblﬁﬂgﬁ R oPrgRtdng dhromghpr esent
i nven?i on . thes boge,d 2 &nﬂomlnnmwberthb treasmi@sdonloss, F&ﬂ%&%br||a and |1b
or 12 ar epronditesigup fiFeeebher I olgn eft between
o o bkl ok Bl engtl o0 |

adj acent tubes S are |nd|V| iting the
same optical cREFEEFEPPs] °tF&§“§§stﬁéapﬁaésl§b:o¢h3@e ilsnshbiva aase,

transpar eskamplecafl®n agkemblyhmader @ &réﬁttﬁﬁulhﬁdilgh% ?gagg-to or
| ers extends over a

smal I er thaeshhgt t yheg, 10. Eac h

| engt h substa%? F?Em%gﬁﬁnﬁe thrﬁﬁﬁBFh1P¥?PF18P -t h@SpEhgwBe 8r 36' from
t he 1%|etnEﬁBesfoﬁhéubgge1Q0shoanah|Fmgusesnlnaaanahelblbkena of silica
gl ass gi varéhBundled up together at their inlet ends. 10'. Gaps 38

left between adjacent tubes 10 are 1nd1V1dua11y filled i-)

_W1th a material exhlbltlng the same optical characterls-
tics as the plugs 36 or 36', Ls;gzem:iansparent silica
15 glass whose refractive index is equal to or smaller
' than that of the tubes 10. Each of the f111ers extends
over a length substantlally common to the length % of the
plug 36 or 36° from the inlet end of the tube 10. It
will be seen that the fillers of silica glass give the
20 assenbly a wider llght rece1v1ng area at the inlet end
and, thereby, allows the high density opt1ca1 energy
converged by the lens system to be more effectlvely
_1ntroduced into the tubes 10. The fillers in the gaps 38
also serve to prevent the tubes 10 from being chipped off
25 while the inlet end_lO' of the tube bundle 10 is machined
to a flat surface. Additionally, the fillers check small
particles of dust which would otherwise enter the'gep5'38.
Referring to Figure 14, another possible form of the
tube assembly is illustrated. A tubular 1ight transmit--
3Q ting element 40 has an outside diameter D of about 10 mm
and is formed with a bore which is abeut 8 mm in diameter
d, thus being far larger in diameter than the tube 10 in
any of the foregoing embodiments. In this assembly, the
light guided by the narrow tubes or conventional optical
35 fibers 10 can be introduced into the large diameter tube

w0



20 assenbly a wider light receiving area at the inlet end and, -there

b
all.ows the high density optical energy converged by the |lens systemto: Aﬂ!
more effectively introduced into the tubes 10. The fillers in the gaps 45

al sq serve to prevent the tubes 10 from bei ng chi pped off 25 while the
inlet end 10' of the tube bundle 10 is machined to a flat surface.
AddiTionally, the fillers check stI'%ﬁﬁticles of dust which woul d

otherw se enter the gaps 38. Referring to Figure 14, another possible form
of the tube assenbly is illustrated. A tubular light transmt- 30 ting

el ement 40 has an out5| de ﬁl asrrfagrwﬁpfogbgyg 1D B andidricd ora*rm&ngiet h a
bore which is 4 Fh FRS oF &Rt er

d, thus bej fardar et er
than the tube aﬂountaqﬁ obtigal f eReEHY PR MR #égh i 1%§£ assenbly, the

l'ight guided bypt-RBagRatheWsideesanl 6f>nmeélttmml4ﬁ)mhx,%h :assmaéqt%frs 10 can
be introduced intq ?

t éh d |1
of the |atter. ShdACe, 9&aF§rgeg§ﬁgEH$ ofgggt tlTégngfgbfﬂgﬂrghigﬁgﬁzg|Sere
transferred thmou@heﬂheosthe euteroperhpheryeofiot Vﬁlgﬁp?s nage of silica

gl ass. The tubeg ar Qati aahpbibepswAchr €s5formedno £dat bramepaxet
peri phery of the t&b

e 40 through a_con o] | 6P é&malDerred of a
transparent nafetedialaPaying eFFgf?Fggs%néggggbﬁgrégoﬂgr ITer £§§
that of the tulma4D thlaft ofceheatybet K8 . ouFérnﬁEFFﬁﬁryer %f°? or

42 may be COVGV}S, aat Qﬁ,% %'n%ee%hceaz Hey bboeokrayea whtbr dethin m@b@m
the 1ight i nt r ddce rou

h the connector 4 a decribsyue.
A nodi fi edl® or a3t hﬁY@ra%rﬂﬂd;?rsM b %?glhg thlgggtagg in Fi g%re

15. “As shown, tée dBineytdrulies from leaklng to the outside.

\_/ A modified form of the assembly shown in Flgure 14
is indicated in Figure 15. As shown, the smaller tubes
or optical fibers 10 are directly connected to the outer

15 perlphery of the larger tube 40 by means of an optical
' adhesive or the like. This assembly is comparable with
that of Figure 14 in the ablllty of conducting a large
amount of optlcal energy into the s1de wall of the larger
tube 40 made of silica glass and, thereby, efficiently
20 transferring the optical energy therethrough
' While the larger tube 40 may have an even diameter
throughout its length from the inlet end 40' to the out-
let end 40", it may be prov;ded with an outlet end 40"
which is tapered away from the inlet end 40' as illustrated

’ | 25 in Figure 16. 1In Figure 16, light rays converged by a

~ lens system are effectively introduced in the tube 40
through the inlet end 40' and then progressively converged

| L by the side wall of the tube 40 which is made of silica
. glass. Finally, the converged light is emitted from the
" 30 tapered outlet end 40" w:Lth a high energy density. The tapered

outlet end 40" of the tube 40 may be stopped up by a plug
member 36"' having a refractlve index which is egual to or
smaller than that of the tube 40. The plug 36""' will
effectlvely guide the light propagated through the bore 12?
35 into the side wall of the tube 40. The refractive index

-



t he er tube 40 by neans of an optical adhesive or the like. This .
asse is conparable with that of Figure 14 in the ability of cagnducting
a large anmount of optical energy into the side wall of the |arger tube 40
made of silica glass and, thereby,j;efficiently 20 transferring the Cﬁ
optical energy therethrough VM|Ie the |.arger tube 40 nay have an even "
di-anet er throughout its length fromthe inlet end 40' to the out- let end
40", it may be provided with an outlet end 40' which is tapered away from
the inl et o8ntheOplag BEMEsmagt bd EélectédFtﬂubé i8rg ekntﬁgﬂUEﬁ al6. |ight
rays convggg b I are eft | troduced in the tube 40

t hr ough tﬁg Fﬂ e%ugﬁdggolﬁ %Sgk %opFB §¥ ¥§985n$EP§§815§e§he si de wal |
of the tubBrevghntha ssdﬁawelbfosutheatgbesso Eonghkyplubge3eomvanged | i ght
S en1tteﬁhéf hgugghert u t " a high _energy density.
The t@per E;z; ﬁﬁéf@ggetﬁhg §EQCé9 eﬂ£%§¥ 88“8 t%y a plug
menbet vah rEP?aEPP?eoPﬁHGQ eRdchof s eﬂharetbherreﬁahter t han

t hat of theveubnddﬁ ofhehelpgu@GBG"mnig géﬁggttge5y gﬂ? ?ihﬁhéhght

pr opagat r QHQ h re.12. h wal e tube 40.

The refr:g?%gég?nggé Eul?%ff?h ethe uﬁlg%"sg ) E %BIE@?eHuP% $@ | arger than
that of tHaY tk@®esaopesitioredtas gto deemfnatghshéfansm thedohbepligh the

d |1 t t t 3 . b th
The gpt c“é‘?ét e ot fnd Neube Mo Pe st ERE Ln HFRER IS " Wher o

{;gi %gnsm avai
the Tefr H H%a%IQQ qmmvexge@quglth@ sidemdlkrofhan that of
the tube tme tme plUicaind " effedtivelyedisbRalbPedBirf 9 POSEIEQNEd as to

or ozéigal fibers 10 are directly connected to the outer 15 peri phery of

term nat eupdvd e FOE LM TS index of the plug 36"' is larger Q;)

than that of the tube 40, the plug 36"' may protrude
. from the outlet end of the tube 40 as indicated in Figure
15 17b in order to further effectively release the light
wh1ch is converged to the plug 36"'., As shown in Figure
18, a plurallty of such tubes 40 having tapered outlet
ends 40" may be connected in series fitting the outlet
end 40" of one in the inlet end 40' of another, the diam-
20 eters of the inlet ends 40' and outlet ends 40" being
progressively reduced. This multiple tube connection
will make the diameter of the final outlet end 40" very
small and, thus, realize a far hlgher optical energy
‘density thereat. When introduced into the smaller tubes

25 10 in any one of the embodiments described, the light so ~

converged to have a high density and, therefore, its
energy can be transferred far more effectively.
Various modifications will become possible for those
skilled in the art after receiving teachings of the
30 present disclosure without departing from the scope
' thereof.

35
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nost end face of the tube 40 as illustrated im Figure 1I7a, 10 so that '
|l ight rays can be converged to the side wall of effecty
di scharged fromthe end face. Were the refractlﬂﬁiﬂ%i%ﬂlﬂﬁl plug 3&='s
| arger than that of the tube 40, the plug 36" T sTromthe outl et
end: of the tube 40 as indicated in Figdt2-15 17b in order to further
effgftively rel ease the |ight which is converged to the plug 36"'. As shown
in Figure 18, a plurality of such tubes 40 having tapered outlet ends 40"
may be connected in series fitting the outlet” end 40" of one in the inlet
end 40" of anofhkIMSthe diam 20 eters of the inlet ends 40" and outl et
ends 40" being progressively reduced. This nmultiple tube congectiog\MIJ
make the di amejer of theubunak outlimghtend Woanseifting) | URY, t hd8* realize

a far higher optical energy density thereat. \Wen jntrod in he
smal | er tubes gﬁansﬁﬂttﬂngnppbmeabfenﬁ€8§n588WhéhtL1§E§c$§§?%# %ﬁeglight o)

converged to have a high density and, .therefore, | GaReLRF
transferred fadesﬁredeﬂb@@ti?éhy9°V£F?56§gn8dﬁppgg%?bﬁgﬁﬁﬁ%] becone

possible for those skilled in the art, after el Gt dFchom@sogf a he 30
pr esent disclosdiécadﬂﬂ@@F(ﬁﬁ%ﬂé%é&P%Q%ngtRéﬁgéoég thereof. 35 = - 12 -

CLAIMS: 1. A tubuylar. ligh apsi Ltidght oWtlet émd portisami tting
opti cal energylﬁBGﬁl&nﬁﬁﬁhfngoagggi%é gﬁggs!reghlocation, conprising a
tubul ar nmenber orp%%eoft&ﬁ$i§@ ghaserabdidgf plugged lbyr & transpanete of a
: ﬁ: plug member having a refractive index which is less

U than or equal to the refractive index of the tubular

member.

2. A tﬁbular 1ight transmitting unit as claimed in
claim 1, wherein ‘an end face of the plug member

positioned inside the bore of the unit is flat.

3. A-tubular'light transmitting unit as claimed in.
claim 1, wherein an end face of the plug member

positioned inside the bore of the unit 1is convexX..

4y, A tubuiar light transmitting unit as claimed in
L B | claim 1, wherein an end face of the plug member

positioned inside the bore of the unit is concave.

)



- convex.

| i ghteinl et end portion and a |ight outlet end portion of the tubul ar
menbgjXxyei ummmﬁm “ eransparent pl ug menber having a refractive index
whi NS+ | to the refractive index of the tubular nmenber

2. A tuburarclibht transmtting unit as clainmed in claim 1, wherein an
end face of the plug nenber positioned inside the bore of the unit .i%;
flat. 3. A tubular light transsm13ihg unit as clained in claiml, wher &Fh

an end f%ce of the plug nenber positioned inside the bore of the unit is
s A ttHRHLar  1ight ¢ tranamitt bgg unnt taasc|diama@d ngl ai m 1,

wherein d.facg of, the plug . nenber positioned inside the bore of the
unit is ggﬁggvé.’ Pu{'tkief - cg.mpg'lﬁipﬁbu? arPiungdd tyr apnientiicaluni t as
of optical fibers which

claimed iFabebai fhienf her rising. a pluralit

are individually %Sﬁngé%egﬁ%f?ﬂ9¥%§i%u?%ﬁ5%ﬁﬁ?é> th Jihg iutaroul ar nenber
t o gui depehéphpiiCalf @Ry Wbl t ular er,.throygh said outer
peri phery. 6. A tubular Iight tr@ﬁg#%?t#ﬁgggggg &?%ﬂ%ﬁﬁ%ﬁ?' nclaiml,

wherei n Eherayanmir dhet heububararmemigrer thyotgh! | 841 &t Jifig, i ght outl et
end portion than at the light inlet end portion. 7. A tubular 1ight
transmi tPEREPRSTY - according to claim 6 wherein the light outlet.end portion
of the tubular nenmber is plugged by a transparent plug nenber of which an
end face furthest fromthe inlet end portion of the tubular nenber is

spaced. gromghe,gn¢ap light transmitting unit as eclaimed in
claim 1, wherein the diameter of the tubular member is

smaller at the light outlet end portion than at the | \_)
_light inlet end portion. o

7. A tubular 1light transmitting unit according to
claim 6 wherein the light ouﬁlet end portion of the
tubglar member is plugged by a' transparent plug member
of which an end face furthest from the inlet end
portion of the tubular member is spaced from the end
fgce of said tubular member at said iight outlet end

thereof.

8. A tubular 1light transmitting unit according to
claim 7 wherein said end face of said plug member is

disposed within the bore'of said tubular member.

ey



'face.of sai d.tubul ar nenber at said |light outl A
tubular light transmtting unit according to cih!ﬁﬂ u H "E id en ce
of said ptug menber is disposed within the bore-0rT me

- 14 - 9, A tubular light transmtting unit according to claim?7 wherein
the light inlet end portion of the tubular nenber is plugged by a said
tréhgparent pl'ug nmenber having a refractive index which is |less than or
equal to the refractive index of the tud ar menber, and wherein said pl ug

menber plugging the light outlet enpd portiqn,qf t byl erg
protrudes fromdthe &ndtWukate %h%ﬁf’ar&m}t&f’gsgl?%{yi éﬁ?gggﬁﬁgt end

t hereof. 10. A tuhul light.tr m4idd A\ bt aenQl poReiom elfaitynel,
wherein the Ii§HFREb3icghggef%eﬁg%n;£%¥ﬂ9A?§%%ulaP Iﬁ%ht transmtting unit
as clained in ctluq,iuq?Jt., ddhpats | y1ugddd aby opt iszdld syrstmsparemtc @wddg gi ng
the optical energy tromthe |ight source and introducing the converged
optical energy fupert haviiiget esdrpotivenin@exhwhipht ispess ALhaRRf ar

light transmtting assenbly for transnittiggloptical energ¥ froma |ight
source to a desiqued |wxathenrefidadbivegindprucal ithe FUREART PRGNt

transmtting units, each of the units conprising.,a_t I de of
silica glass arahdiethenaia saidr ®lug meElE BEngFnﬁ ?th?iFﬁFg?sgﬁggportion
i?d 2 end portion of the tubular member protrudes from the

end of the tubular member at said light outlet end

thereof.
| 10. A tubular light tfansmitting unit.as claimed in
eclaim 1, wherein the light source is the_guh.

11. -A.tubular light ﬁransmitting unit as claimed in
claim 1, in assembly with an optical system for
converging the optical energy from the light source apd
introducing the converged optical energy onto the in1e£
end portion of the unit.

Y

12. A tubular - light _transmitting assembly for
transmitting optical energy from a light source to a

desired 1location and having a plurality of tubular

e

light transmitting units, each of the units comprising
a tubular member made of silica glass and defining a.

bore, at least one of a.light inlet end portion and a



- 15 -_light—outlet end portion of each said tubular nmenber being pl ugged

by a spar.e aving a refractive index which is less than |,
or eq to tl [‘ “ﬂjﬂ\mmngex of that tubular nmember. 13. A tubular
li ght™ transni y s claimed in claim12, wherein at at Iea§t“ope
end of the assembly, the plurality of tubular light transmtting units are,
bundl ed up together. 14. A tubular light transmtting assenbly as claine

in claim13, wherein a space or spdBes between adj acent ones of the tubul ar

menber s . said one end of the assenbly is or are plugged by a transparent
naterialﬂhéﬁhlﬂ%&l%PréPFaéprﬁéOPmﬁﬁ<%ﬁﬁkhsasdshHDUbartMamber equal to the

f ti ' eytubular nenbers. 15. A tubular light transmtting
(rj:vir 22 g\étgeo%rggjﬁélﬁég%&aP% £o r%’?%ﬁarﬁ'ef_?t aﬂgugul%eﬂ'?ﬁt'l HA¥AnE Aerei nbefore
descri becreddb 1ve! £A68EwntBn AW 14d§ERanObr WAaACRIPRRY MO draw nos.

refractive 'index of that tubular member.

13. A tubular 1light transmitting assémbly as claimed
in eclaim 12, wherein at at least one end of the .o

assembly, the plurality of tubular light transmitting

units are bundled up together.

14, A thbular light transmitting assembly és claimed
in eclaim 13, wherein a space'or spaces between adjacent
ones of the tubular members at said one.end of the
aSSembly.is or are plugged'by a transparent material
which has a refractive index'whigh is smaller than or

equal to the refractive index of the tubular members.

15.- A tubular light transmitting device according to
claim 1 or claim 12 and substantially as hereinbefore
described with reference to ~any figure of the

accompanying drawings.




