- 1 - APPARATUS FOR UNI FORM | LLUM NATI ON EMPLOYI NG LIGHT Dl FFUSER 4T
present invention relates to an apparatus for 5 uniformy, illu nngng
a desSired object, the apparatus including a light diffusing arrangenent -
whi ch diffuses light outwardly of a light transm ssion el enent through QEE
whi ch Ilght emtted froma light source propagates. Light transm ssion

el emrents are known in various 10 forms as typified by quartz gl ass
fibers, optical fibers made of plastics including acrylic resin and poly-
carbé’éte resin, and fine tubes or flat plates consti- tuted by such
fibers. Wiere it is desired to utilize the |ight propagating through such a
i ght transm ssion 15 el ement for illum nation purpose, for exanple, the
li-ght has to be diffused to be routed to the outside fromthe |ight

transm ssion el ement. Meanwhile, light com ng out fromsuch light trans-
mssion elenents is usable to illumnate the dials of 20 various neters
installed in audio instrunents, auto- matiqe vehicles and the |ike. For
such application, the light is required .toirradiate the dial of a neter
uniformy over the entire dial surface. The present invention ains to
achieve this desired 25 UNAPPARATYSOFOR! UNEFORMI DLLUMINATEOMr oadest

aspect “the present |nvention'proEkgpﬁygﬁG!LkéﬁﬁnBFFﬁgsgﬁparatus

conprising: a light source; alig ransm ssion el enent for transmtting
light 30 emtted fromsaid |ight source; and

_ \M; The present invention relates to an apparatus for
5 uniformly; illuminating'a desired objeet, the apparatus
including a 1light diffusing arrangement which diffuses
- light outwardly of a light trahsmissiqn element thfough
which light emitted from a light source propagates.
Light:transmission elements are known in various
10 forms as typified by quertz glass fibers, optical fibers
: made  of plasties‘-includihg acrylic resin and poly-
carbonate resin, and fine tubes or flat plates consti- -
tuted by such fibers. Where it is desired to utilize the
light propagating through such a light transmission
15 element for illumination purpose, for example, the light
has to be diffused to be routed to the outside from the
light transmission element.
Meanwhile, light coming out from such light trans-
mission elements is usable to illuminate the dials of
20 various meters installed in audio instruments, auto-
motive vehicles and the like. For such application, the
‘light is required to irradiate - the dial of a meter
uniformly over the entire ‘dial surface.
The present invention aims to achieve this desired
25 uniformity of illumination. | '
' In its broadest aspect, the' present invention
provides an illuminating apparatue comprising: ' '
a light source;
a light transmission element for transmitting light
30 emitted from said light source; and
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desired object comprising:

a light source; :

. a light transmission element through which light

emitted from said light souree propagates; and

a plurality of”light diffusing members located on
said 1l1light transmission element and each having a
refractive index different from that of said light
transmission element, said light-diffusihg.members being
arranged to diffuse and diseharge outWardly'of'said light

transmission element 1light _propagating_ throﬁgh said'

light transmission element, said'light diffusing members
having thicknesses which decrease progressively from a
maximum for a light diffueing member closest to said
light source to a minimum for a light diffusing . member

 farthest from said light souree.
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In a disclosed embodiment the thickness of said

light diffusing members reducesfin inverse proportion to .

the distance of the respective light diffusing member
from said light source.

Preferably, the. refractive index n, of the diffusing
members and the_refractive indexlr_zo of the light trans-
mission element satisfy the relationship:

n_1/no = 0.87 to 0.95 |

In another more particular aspect, the present
invention provides an apparatus for uniformly illumin-

ating a desired object comprising:
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Preférably, the refractive index [ERR] of the di ffusing menbers an e
refractive i ndex [ERR] of the Iight trans- mssion el enent sati sf

rel ati onsthi p: [ERR| '0.87 to 0.95 35 I'n another nore particular- ..
aspect, the ﬁresent i nvention provides an apparatus for uni fornmly A
I1lumn- ating a desired object conprising: a light source; a |ight

transm ssion el enment through which light emtted fromsaid |ight source
propxgates and an array of, l.ight diffusing nmenbers i{.ocated on said 5
light” transm ssion el enent, said |light diff3stng menbers each having a. .
refractive index different fromthat of said |light transnission element and
belng arranged to diffu d di scharge outwardly of said-light trans-

m ssion el enent |ight? g 2O §®hrough said 1ight 10 transnission

el ement, all of said la gmghltf faursinsmissibar seYamenty - theogghe whiiicbk nkight t he

density of said gl a%df gﬂd%p%aqﬁfHH%PQgsgggggrgﬁgggggggéngaggogre55|ver

froma mninumat a position closest urce’to a naxinum at a
position farthest fro@sATaY ¢t ld@htcdiffysing membeprgs logpted qmesaid

density of ghe ar]!i@ghﬁ 'Ei‘a@ﬁiﬂ.%sll%npreqwehltqnsh@dt tﬂQgHtSﬂﬁﬂﬁﬁeirﬁ@rﬁaﬁd&s

| i ght source.: In e spec t he t.tra SS f.e I
made of opti cal sﬁ Ezb’f’%rénc" }Wg?q'r %05\?%1%" nlﬁggfeFSHFhkrggc% atﬁ g
20 dr awi ngs, |sai/<h| thght Ftganemisissoa \élement aand gheingf fawangede\mcl:e
and illustrates g {¥§jfe PRhACI PN soriirdd 99&1:95}&!?' Ut egRi@Yadght trans-

xxf mission element 1light propagating through said light
10 transmission element, all of said light diffusing members
having the same thickness, the density of said array of
light-diffusing'members increasing progressively from a
minimum at a position closest to said light source to a
- maximum at a position farthest from said light source.
'15 Preferably, the density of the array increases in
proportion to the distance from said light source. '
In each aspect, the light transmission element is
preferably made of optical fibres.
Reference will now be. made to the accompanying
20 drawings, in which:- '
Figure 1 is a view of a light diffusing device and
L ~ ‘illustrates a basic principle of light diffusion employed
' .. in the devices according to the present invention;
Figure 2 illustrates a first embodiment of an illum-
25 ination apparatus embodying the present invention;
Figure 3 illustrates other forms of light diffusing
. - members which can be used in an apparatus according to
the invention; ' |
Figure 4 illustrates a procedure for forming a
30 concave lens-shaped light diffusing elemsat shown in
Figure 3; _ . _
Figure 5 illustrates further forms of light
diffusing members which can be used in an apparatus
aceording to the invention;
| 35 : Figure 6 illustrates a modification to the
apparatus, the modification comprising the provision of a



in the devices according to the present invention; Figure 2 illustrates a

I nati on apparatus enbodyi ng the present
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concave | ens-shaped |light

diffusing elenment shown in Figure 3; Figure 5 illustrates further forns
of light diffusing nenbers which can be used in an apparatus according to

the invention; 35 ~ Figure 6 illustrates a nodification
the nodi fication conprising the provision of a =~ - 3a -
han that carrying diffusion nenbers;
illustrates a procedure T ? form ng a concave | ens-shaped
doubl e-l ayer light diffusing |ayer 5 structure shown in Figure 5; Flgure
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Flguge 11 1s a section
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natlon ure 9 is a sectional side elevation of a |ight
&dordance with the invention for 10 uniform

structure shown 1n§%iédyz
Figure 8 is a view of an example of conventlonal
apparatuses intended to provide uniform 111um1nation,“
Figure 9 is a Sectional side elevation of a light
diffusing apparatus in accordance with the invention for
uniform illumination;
Figure 10 is a schematic plan view of another light
diffusing apparatus in accordance with the invention for

‘uniform illumination; and
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Figure 11 is a section along 11ne XI-XI of Figure
10. : - -
While the apparatus for uniform illuminatign
employing a light diffuser of the present invention is
susceptible of numerous physical embodiments, depending
upon the environment and requirements of use, substantial
numbers of the herein shown and described embodiments
have been made, tested and used, and all have performed

o 1&%’&11:“%“&&?1‘&& Uﬂfé‘é' on;

and



15 10., Waite the apparatus for uniform illumnation enploying a J7akt
di ffuser of the present invention is susceptible of nunmerous physi cal@
enbodi nent s, dependlng upon the environnment and requirenments of use,
,subsLantiaIEZO nunbers of the herein shown and described enbodi nents have
been made, tested and used, and all have performed. -4- in an emnently
satisfactory manner. F@ferrlng to Figure 1, a principle of Ilight diffusion
_enphoyed in the enbodi ments of the preserdt -i nvention i s schematically
|Ilu§frated The reference nuneral 10 5 designates -a |ight source which
may be a bulb, fluorescent |lanp, laser, light emtting diodes (LED) or
output end. of a fiber optic_bundle or the like. Light emtted fromthe

li ght source 10ipsapnemdapptdy EASISFAGEOTY BRANSE a |ight transmission

‘el ement 12 having a Reteaennqemn@a@m 10 a prynicip lexdhplightodiffasioght
transm ssion el g g@%& RV e Ses4 @%Sof é}f‘éspréaléwel'nvfelnl%%% ggde of

-plastics such as Ic’resin or polycarbonate resin, fine tupe or flat
phate made up ofschemhtiichddy. iAlnisgira teid.f uShey rrﬁﬁeé-”reifﬁile nymeRahslei| i con

{ranom ssi o ol GiasEngsRe BPLAGHE Souned WILEN M B dbulby I oresent
| ayers 14 has alemp,flaserve LAGBE t’dﬂ‘@é-% sy Mt"ﬁaf’uﬁgﬁg] Rt the
light trans- m 3¢ anfebaresbtisd. bﬂaﬁlreefdxaqmeve.muex LigHt] emditpedsttant ed .
fﬁghrgggte L)]Esa[)gg‘ﬁoét"g?ttggghgg%ﬁgy \g'le% Ig"'rr%’t%’érﬁ["t%tRéJdi ftIf ﬂgh?e%lgntht sourc%;I 20
and ‘conduct ed t iigughtransmission element 12 having a refractmve index n,-
.10 Typlcal ‘examples of the light transmission element 12 may
| be quartz glass fibers,. optical fibers made of plastics
such as acrylic resin or polycarbonate resin, or fine tube
or flat plate made up of such fibers. A light diffusing
‘material, such as silicon resin or-époxy.r351n, is applied
15 . to a surface of the light.transmission element 12 to form
light diffusing layers 14. Each of these layers 14 has a re-
fractive index n, different... from that no of the light trans-
mission element 12. The refractive index n, is preselected
such that its ratio to the refractive index n,, nl/no,
20 lies within the range of about 0.87-1.3. Thus, light
emitted from the light source 10 and conducted throggh
the element 12 is routed to the outside through the respec;
‘tive light diffusing layers 14. It will be seen that a
‘1light component having any desired wavelength can be
25 picked up through the diffusing layers 14 if the refrac-

tive index n, of the diffusing layers 14 is selected

. | 1
accordingly.

Referring to Figure 2, a light diffuser embodying

(<4

the present invention is shown and in which the same

30 structural parts as those of Figure 1l are designated by
like reference numerals. .The light diffuser compriseslight.
‘diffusing sections of members 16, 18 and 20- arranged in
succession on the light transmission element 12. The
light diffusing section 16 is constituted by a single

35 light diffusing layer l6a having a refractive index n, .
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the light diffusing section 16 may provide a light compo-
nent Ll necessary for illumination, the light diffusing.
section 18 a light component L, with thermic rays R
removed by the diffusing layer 18b by reflection, and

the light diffusing section 20 a light component L, with
thermic rays R and ultraviolet rays V intercepted
respectively by the diffﬁsing layers 20b and 20c. It
will be readily understood that where the light diffusing
sections 16, 18 and 20 are;carriéd on one side df'the
light transmission element 12, a reflecting layer 22 may
be laid on the other side of the light transmission
e;ement 12 where the sections 16, 18 and 20 are absent.
It will also be clear that where the light from the light
source 10 enters the element 12 in parallel thereto, a
reflecting layer 24 may be laid on the end of the element
12 opposite-to the light input end.

Y
LR

Referring to Figure 3, another form of light
diffusing member is shown.
A light diffusing section 26 is in the form of a convex
lens having a refractive index n, . while a light diffusing
section 28 is in the form of a concave lens having the
same refractive index n, - Light, therefore, will be
converged by the light diffusing section 26 and dispersed
by the light'diffusing section 28. The convex lens can

be formed in a desired shape merely by dropping resin

and

tive



15 - thermc rays R and ultraviolet rays V intercepted respectively by the
diffusing layers 20b and 20c. ~ It wll be readily understood that where t,
l'i ght diffusing.sections 16, 18 and 20 are carried on one side of the |
transm ssion elenent 12, a reflecting layer 22 may 20. be laid on the other
side of the |ight transn155|on el ement 12 where the séctions 16, 18 and 20
are absent. It will also be clear that mhgre the light fromthe |ight
sourde 10 enters. the element 12 in parallel thereto, a reflecting |ayer 24
may be laid on the end of the elenent 25 12 opposite-to the light input
end. Referring to Figure 3, another formof |ight diffusing nenber is
shown. A |ight dit?E®ite ddahtortragsimg sisionhelementol2a tbavskapé deépersd -

havi ng a refraCtIﬂﬁgldﬁkﬁhéﬁbléﬁﬁéﬂ%yaahﬁgghréhéguﬁéﬂ 1éﬁcégf?hg8fé§h n the

formof a concave, | ens_havi.n refractive iIn

therefore, will b%F%on qf gﬁvﬂfhgll gﬁsed}F9H§| §a§§E%F6h°263hmmPnt 12,
dispersed by the ¢tght 'Idief qumqag&eéemlsonoaStheTbehennhendLeasncm Bhrmde
formed in a desi reyd ShaRf-JeIRIve Qﬁn@&gﬂgbnﬁe&gﬁéQrﬁteaGLnofi ub 0 |1 gt

transm ssion element 12, the shapé_depen ng cosity and surt ace
tension of the résifS thy Gofide &ﬁgPE‘°%PFh° hEesipghvith ablei sefeactsiverent

12, etc. The concindes ens,iorfillhedtifhes Bard, 3288fb8 EQEHEH 5fll£y3éjghd,
asulta

procedur e gener al Ly TSGR vl Bl Rodamold, AL Sadkia Ehtas 1o o
_rras@g film 30 aifiovE e tisavecdie kascb¥enlhasdenethet highasicangnitiion 30
10 element 12. The curvature of the concave lens depends on
the surface tension of the re31n, inside dlameter of the
masking film 30, etc. If desired, each light diffusing
section may be formed by a'plurality of convex or concave
lenses laid one upon the other, as exempllfled by the
15 _structure shown in Figure 5. S '
Referring to Figure 5, a llght diffusing section 26°
_compr;ses a double-layer convex lens structure made up of
-two.lensesiZGa and 26b having different refractive indexes
n; and n,, respectively. Likewise, a light diffusing
20 section 28' comprises a double-layer concave lens structure
constituted by two lenses 28a and 28b whose refractive
indexes are also ni.and n,, respectively. Stratifying
a plurality of lenses of different refractive indexes in
the manner shown and described will make it possible to
25 pick up a component of a desired wavelength out of the
light routed to the light diffusing section. For example,
where visible light is emitted from the light source 10
v - ' to become incident on the light transmission element 12
which is provided with the double-layer concave structure
30 28' as shown in Figure 6, the diffusing lens 28a reflects
thermic rays R and the lens 28b intercepts ultraviolet
rays V. Again, when_the light diffusing sections are
carried on one side of the light transmission element 12,
a reflecting layer 22' may be laid on the other side
35 where the light diffusing sections are absent; when the

&



removed to | eave the concave lens on the light transnmission 10 el enent

12. he curvature of the concave |ens depends on the surface tension of
'thdégisin, i nsi de di-aneter of the masking film30, etc. If desired, each
lig di ffusing section may be formed by a plurality of convex or concave

| enses | aid one upon the other, as exenplified by the 15 structure shown
in Figure 5. Referring to Figure 5 a light diffusing section 26" conprises
a-doubl e-1 ayer convex |ens struétOre nade up of two [enses 26a and 26b ‘et
‘having different refractive i ndexes n and n2, respectively. Likew se, a
light diffusing 200 section 28" conprises a doubl e-layer concave lens
structure constituted.b wQ | e$n2 ' wese tefdsactive i ndexes
are alébgPERgf°3n lE’fE??F@! PErggﬁgggisglgﬁt%?ga???yin a plurality of |enses
of diffesehonr elemenitvd2i AdepasalhelhEhRERtCy §h5$vﬁl%?1’§”b?escri bed will make

i t posa_iagg@ b 128, Bgcﬁ_aya acpORenend of ahdeelemental2l enghh out of the
li ght rodted to thd Tigh

[ gnt popertEector £bf LN 4P RodrEe. 1608 Botomiothct dent on the I ght
L r 1S MipySceueke foBt £b2mifnige lthies conoaiveed-emst IFLENELHERP®- | ayer concave
Chorr dasinacipetia 2 shol gy ierdetimniel i (Sl
the |i g, @hfichsprgcedstieods-assentialdy Se% e the ' Pdes ght .
transm§5ie0neeleqBRl ¥4 th? defidresidenad @iepurz2'4 .magnbBigurel Ton the other
R
- 10 ny is charged and hardened in a bore 3 ¢t of a masking film _
30', then a suitable amount of resin 28b witb the
refractive i_ndex'h2 is hardened on the first ;esin 2§a,
and finally the masking £ilm 30‘ is removed. The
curvature of the resulting concave lens structure is
15 determined by the surface tension_of the resin, the inside
diameter of the masking film, etc.
| It wili thus be seen that the light diffuser in any
one of the foregoing embodiments is capable of selectively
discharging a light component having a specific wavelength
20 ét a desired position of a light transmission element.
For example, light for illumination caﬁ be picked up with -
thermic rays sepirated therefrom. Such selective o/
separation of light permits an object of illumination to
be formed of a material which is rather poor in resistiv-
25 ity and stability to heat and the like though useful in
optical function. This ensures a wider range of_selection
of materials for objects of illumination..
Now, audio and other acoustic instruments carry
various kinds of indication plates and level méters which
30 should be uniformly illuminated throughout their surfaces,
due to the nature of such equipments. However, the
source voltage pfeséntly'available for an illumination
device is supplied by the secondary winding of a trans-
former and not higher than about 12-24V. This, coupled
35 with the fact that a lamp serving as a light source cannot



m ssion element 12 in parallel thereto, a reflecting layer 24' may be |

on the end of the elenent 12 opposite to the light input end. Figure 7 ~
shows a 5 procedure for formng the concave lens structure or diffusing?}
section 28" ., on the light transm ssion el ement 12, which procedure is

essentially simlar to the proce- * dure described with reference to
Figure 4. In Figure 7, a suitable volume ®f-resin 28a with the refractive
i ndey 10 [ERR] is charged, ,and hardened in a bore 32' .of a masking film
30", en a .suitable anpbunt of resin 28b with the refractive index n2 is

hardened on the first resip 28a, and finally .the masking.film30'_j

renoved. The curvBEut¥FFF 11 t?%s]tﬂ’.'f.’itr‘?g“tod’r%d\?e egﬁgnsgﬂﬂcfg?ggrsmi@es

det ermi ned by t hetlserr fmeens oiysioh i0fl whimatdsion ont lthei Avddeatianepbatesd t he
masking film etc;,| i L U r?%férht ddieslsi 9%t tHif fUSEhi hAefoy one
of the foregoing Jérﬁ%%fd%\irr%%\?é@it%n&égba. l e olf‘%tsael ectsisveli di scharg%ng a l i%ht
conponent . havi ngS¥stefpec ¢ ¢ WRARSEIRAIPTD FYPeOTa T@ELLPFEAOBosYPRON X

| ight” transm $si ogvéer eneftan ROl @a@Eied #on |dygitenf s iinkl LEDMAt bpnthanl Hee
picked up with thernic,r separated therefr uch | ' eparation
of light permts %ﬁn%b}%gaécﬁorﬁ??ﬁﬁ%ﬁﬁ%ﬁ%éﬁ(éﬁﬂgEﬁo%ngggoFggh%gﬁéf?gl whi ch
i = rather poor inreedeéxtthe wbring tinticahenland ther gossaprahibirtve; ke

though useful in opticeh fMnehisibeividliveay,eon thedeithe2ngendf st aoid on
of materials for objects of illum nati.on. Now, audi @ and ot her .aco st%c

i nstruments carry"GEFT DRTRi HIEAFET (R AR i FHWERE RadeledB FREPEIRE whi ch

30 ‘skioul d baoOuni tbendyiver lsriseated tThermghmitersheipardichdesdy the due
to the nature of '§?£Qd&ﬂélwﬂ?rﬁ§ve HOWEY 611 163 @0 UGl 988 RheSRMity
availabl e for an LTI Nati N Sdl hd SenthY 'Rd BLAN S 282280 a1 Nl 0
of a trans- -
' ' Figure 8 indicates a conventional automotive speedometer
and its associated illuminating arrangement. Shown in
15 Figure 8 are a light source 34 in the form of a lamp, a
reflector 36 in the form of a mirror, and a dial 38. As
" well known to the art, the distance betwéen the reflector
‘36 and the dial 38 is made larger at a point A close to
. thé_lamp 34 than at'a point B far from the lamp 34, in
200 an effort to achieve an even distribution of intensities.
The intensity, however, unavoidably drops in a position
remote from the lamp 34 due to the nature particular to
- such a system, while a substantial'space must be allocated
in the aspect of structure. 'Furthermore, the speedometer
25 of the kind concerned requires'a-disproportionate number
of manufacturing steps as well as a disproportionate cost.
‘Referring to Figures 9-11, there are shown two
different embodiments of the light diffuser of. the present
invention which are designed to serve as an illumination
30 apparatus capable of eliminating all the drawbacks
discussed above. In Figure 9, the iliumination apparatus
comprises a light source 40 similar to the light source
eméloyed in the foregoing'embpdiments, a light trans-
mission element 42 also similar to the one previously
35 described, and a number of light diffusing layers 44



fornmer and not higher than about 12-24V. This, coupled 35 with the fact
that y | anp serving as a |light source cannot be large due to l'imtations
in _gn and space, makes the intensity of illunmination on the indication
pl at\es™ i nsufficient and uneven regardless of the illum nation System i.e.
transm ssion type or reflection type. Mre- 5 over, in an illum nation
systemusing LED s or the like as a light source, a_nunber of LED' s are-
required to render the wiring+rfricate and the cost prohibitive. In an
autonotive vehicle, on the other hand, various neters are arranged on aﬁ""

I nst runment panel in front of 10 the drlver s seat. These neters,

particul arl he spee ter aied h19ean @¥gR-i nt ensi ty -
distri b‘E&’F ‘5) @h% ﬁ$etxé£ur} ces CQ} nH='[l:h'ndl al s. F|eguree 8 indicates a

convent tivel indexnm) | ¥ @p@@bﬁ@t@n%rﬂ(ﬁx%%s A4S gheFer Fiftnat i ng
ar r angepet - ; ¢ SNENELb Ned Sthe i &t e 6i v 6L riddst o« whee 134hikn the form of a

|l anp, a reflector 36 jn the rror '@I'.g,_ASV\/eII.knovm
to the BFRNSRESSHPR¢ %’Ee%'ét%\geﬂlﬁsh Jrtrépf g:lth)e gi al 38 is made *
| arger’ at98&.point A close to the lanp 34 than at a point B far fromthe

lanp 34, in ef f or chlev an,_even tributi intensities.
“The i ntensi ty')?/h thg\?\‘)év% . Etfh%@o ta JSF ososurlcne gdozc%’l e:{:on%p'Sm)te fromthe &

| anp 34ligght toraremission plenenty| 44 atl‘tﬂ Rrsragabes dn thei géracsubst anti al
space ngidn bﬂm&ié@@&i &l | dh L REPEH Dmed IR bﬁlﬁ'otﬁw tharnore, the

speedongter 2 % concer ed requires a di s Eoréal onat e nunber -
of namﬁ%%‘f‘?ﬁ‘l"ln‘ée u%ﬂsn?/\g]tar Y& o r’g‘gﬂ’r“ﬁncﬁtﬁ@ ef erring to '
" Fi §0r esol9jedt . t hen etlaire isiotandeno the lumlnous flux denSLty lS

high in the area adjacent to the light source 40 but

progressively lowered toward the end of the element 42

remote from the light input end. = As a result, the amount
of discharged light naturally decreases in the area

15 remote from the light source, disenabling uniform illumi-
nation to be accomplished. In light of this, the embodi-
ment shown in Figure 9 has a characteristic feature that
the diffusing layers 44 are madéhprogressively thinner
from the one closest to the light source over to the one

20 farthest from the same. Such a thickness distribution
of the layers 44 is reflected by .an amount of light
attenuation which prdgressivély decreases from the layer N
44 closest to the light source over to the layer 44
farthest from the same, thereby setting'up uniform .

25 illumination for a desired object. The back surface 46
and/or the end surface 48 of the light transmission
element 42 may be constituted by a reflecting mirror .

. surface in order to more effectively utilize the light
incident on the element 42, as described in conjunction

30 with the previoué embodiments.

Referring to Figures 10 and 11; another embodiment
of the present invention includes a plurality of light
diffusing layers 50. These layers 50, different from the
layers 44 shown in Figure 9, are. arranged to such a

35 density which is lowest in a position closest to a light

&



di fferent énbodiments of the light diffuser of the present invention which -
are designed to serve as an illumnation 30 apparatus:capabl e of :
elimnating all the drawbacks di scussed above. |In Figure 9, the '
illum nation apparatus conprises a light source 40 simlar to the |ight o
source enployed in the foregoing enbodi nents, a light trans- m ssion

el emept 42 also similar to the one previ 8@sty. 35 descri bed, and.a nunber
of Iinght diffusing |ayers 44 -9- carried on the Light transm ssion

el ement 42, The refrac- tive index [ERR] of the diffusing layers 44 is

chosen such that J. at,inQ t e LVE. ] X ight., ..
transm ssi on el errégﬁcrz?zt‘lloi eégﬁi {aﬁflé {’ﬁgg%%%g%a{’%?’?oh%@ g&@%}?\%ﬁ%}(} 1"ll'gohnt
fromthe |light sdardbest &Empmr shehdighghsovreast? Ssi thiowrh nthein thiek-
ItOL opagat est! n tggﬁﬁsbﬁcarlbl etahninaij%l4 EtétééfleYOﬂQéﬁfroﬂﬂdlﬁxﬁimd 5 %&chdrfughl

e respective diff.using l.ayer o illuninate a desire . _0object. n
this i notance. MISHRChYAER Fig AEREPIGIPRE nohrthe, THESEE 3D df AbAVaro
t e Ii ght soUf ce 240 thatt pcbdewableewythotike clayerardldt he end of the el enent
4.2 remote fromthe Ii glatribﬂgu ﬁﬁﬂgicaé‘% fls rtgfi'itbe(,%&ﬁe é@i}bf% ﬂ?%%rs%ed
light naturally decreases in the area 13 renote fromthe TI'ght” source,.
disenabl i ng uni f Ghlitedudn- thet poh aftet recohplinghelle teachinghiofhftheni s,
the enbodi - nent gHeewnt BiBbyusars hﬁﬁh@uﬁh&éﬁ&fﬁiﬁ?tfﬁotﬁe@éjr&dﬂ@t the
di ffusing | ayers 1__@14 aro? made progressively thinner Tromthe one closest to
the |Iight source OVEF LS the one 20 farthest fromthe sane. Such a
t hi c‘fﬁﬁfe\s"s dilét ri buti orReference is hereby directed to copending

JLed

s A'pp:l._zpa“t'ion’ MNo.. 8231644 (Sarial No. 2112515) from
‘which this present application is divided.
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of the layers 44 is r cted by an anount of |ight attenuation which
.progressm‘mm @B‘ﬁrom the |l ayer 44 closest to the |ight source over
ng@@L fromthe same, thereby setting up uniform 25

[ (%gi ati*fon®fof a desired object. The back surface 46 and/or the: end

afe 48 of the light transm ssion el ement 42 may be constituted by a
reflecting mrror surface in order to nore effectively utilize the |ight
incident on the elenment 42, as described in conjunction 30 wth the </
previ ous enbodi nents. Referrrhg 0 Figures 10 and 11, anot her enbodi nent of
t he prﬁg gﬁ invention includes a plurality of Iight dlffu5|ng | ayers 50.
These 5 § 50, different fromthe | ayers 44 shown in Figure 9, are _
arranged to such a 35 density which i-s lowest 'in a position closest to a

- 1i ght -10- source 40' and nade progressively higher toward a position
farthedt fremaipsatdtght foouuad £é6m)lyt hblighindting whidsisiradsses are comon
to each other. Illumnnation accom plished with the arrangenent of the

| ayer sob(ert asmpwisir: as that achievable with the | ayers 44. Various
nodi fications_wi ||l becone possible for those * skilled.in the art after
"receiving tfe %%k&ﬁﬂ?ﬂf?ﬁ’the present disclosure mnthout departing fron1the

heol oot bodhati8s tomer I FEsabty B R e e
appl i capi; @RelSeHba | Stk i@%ht source propagates; and . _
a plurallty of llght diffusing members located on- : o/
said light transmission element and each having a
refractive index different from that of said light
transmission element, said 1light diffusing members
being arranged to diffuse and discharge outwardly of
said 1light transmission element light propagating
through said light transmission elemgnt, said ;ight
diffusing members having thicknesses whigh decrease
progressively from a maximum fof a light diffusing
member closest to said light source to a minimum for a

light diffusing member farthest from said light source.

2. An apparatus according to clgim 1 wherein the
thickness of said light diffusing members reduces in:
inverse proportion to the distance of the_respective

light diffusing member from said light source.

_»‘J



20 25 30 35 CLAI MS: - 1. An apparatus for uﬁr?BFﬁTVNTTTunfﬁa%an a

desi.red object conprising: a light source; alig .SSon el enent ..
t hrough which Ijght emtted fromsaid |ight sour?”’lmmg%u d a
plurality of light diffusing nenbers |ocated on saidecli S I SSi on

el ement and each having a refractive index different fromthat of said
light, transm ssion el enent, said |ight diffusing nenbers being arranged to
diffuse and discharge outwardly of said |ight transm ssion elenment |ight
propagating through said |ight transmssidn-el enment, said |ight diffusing
‘menbers having thicknesses which decrease progressively froma paxinmum for
a light diffusi By neABeraRPREaEss 13raQNding ght HFid {0 P HMZ or a

light diffusi mber farfhest f id Li 2. atus
hogordny Lo oPaPRreTh e LIk, odentn aues Loghk ARFHITind fandls MR 2 LS

reduces in invegs o] ' e distance of the respective-light
di ffusing menber%_ ?%gir&n ggé%im _tﬁoglg'urce. =12 - _ o
¥ . _ ol

4. An apparatus according to claim 3 wherein the

refractive index nyq of the diffusing members and the

N refractive index no of the_light transmission element
Q\x 4 satisfy the relationship: |
) ny/n, = 0.87 to 0.95

5. An apparatus for uniformly illuminating a desired
object comprisingz.
a light soﬁrce;' _ | |
é light transﬁission:element'through.which light
" emitted from said iight source propégates; and
an array of light diffusing members located on
said light transmission.element,'said light'diffusing
.ﬁembers each having a refractive-index different from
that of said light transmission element and being
arranged to diffuse and discharge outwardly of said
,-' | light transmission element light propagating through
|  said 1ight transmission elément,  all of said 1light
3 o diffusing membérs having the same thickneSs,' the
density of. said array. of light diffusing members

increasing progressively from a minimum at a position



3. An apparatus aceerding” to claim 1 or claim?2 wherein at

| east one of

‘the Jd. ght diffusing | ayers has a flat configuration. 4. An apparatus

acc ng m ﬁ‘éi n the refractive index [ERR] of the diffusing.
me t\‘“mu “ i ndex [ERR] of the light transm ssion elenent
sati e rélaticdhship: [ERR] = 0.87 to 0.95 5. An apparatus for
uniforn1y Il lum nating a desired object conprising:

.
'!

transm ssion-el enent through )

a |light source;
ich light emitted fromsaid |light sourc

a Ilght

propagates; and an array of Ilght dlffu3|ng menbers | ocated on said Ilght

transne Bedent alocgRNY, 1 5ghel ddugie dbf Ausaxpmumerdicaspeatbidavi ng. a refracti ve
index different fromthat of said |ight transm ssion el ement and being

arr angearthesti ffirosesand Higbbhasgererit wardly of said |ight transmission .

el ement |ight propagating through said |light transm ssion el enent, al

said light diffusing menbers having the sane thickness, the den5|ty of said
array pof |ight d|ffu5|ng ne Sreagi.ng pr % froma m ni nrum at
a position #h RPRRALNS oa%%?’a‘?ﬁ%h 3?&‘8 t98 ‘g@énrgiil%nu%a? a position '
fart he

wher ei

of

T

u Alibn 36S0ERéNg to claims -
drslé sgali%mdpsﬁs% %rs'éafdigﬁ%%s? nciralgagggﬁ?n proporti-on to the distance .
from Sdiisli:dri@tfn%ﬁursﬁgd 1ight ABowkdauri nating apparatus conpri sing: :

7. An illuminating apparatus comprising:_
a light source; _
a  Light transmission element for transmitting

light emitted from said light source; and

.a plerality of light diffusing membeés mounted on

said light transmission element, said members each
haviﬁg a refractive index different ﬁroﬁ that of said
light: transmission elemeht and being arranged. to
conduct outwardly of said light transmission element
light whigh has passed along Said light transmissién
elemént, the_arrangement being such as to reduce the
variation in the illumination by light output by said
diffusing members caused by their different sbaeings

from the light source.

8. A 1light diffusing device  as- claimed in any

pbeceding_claim in which the light transmission element

is made of optical fibers.

&
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a :light source; a light transm ssion eIeneﬁ‘-_T?ﬁ“TTTHE#ﬁf++ﬂg 11 ght
eritted from said l'ight source; and a pIuraIit di ffusi ng nenbers
maunt ed on said. light transm ssion el enent, 'm’ﬂgm ‘having a
refractive index different fromthat of said Ii n elenme
and being arranged to conduct outwardly of sald | i ght transn155|on
elenent | i ght which has passed along said |ight transm ssion el ement, the
arrangenent being such as to reduce the variation in the |Ilun1nat|on by
|'i ght output by said diffusing nenbers caused by their different spacings
fromthe |ight source. 8. A light diffusing device as clained in
any preceding cl - n1|anWNﬂiﬂumhaatiggt tapparEtasi onsebetent 1419 ymadasof
ogtical fibers. An illum nating appar at us

sybstantial ly 1&%”?\%@@% Ftesqpided peidhy nefensnseerfoe Figwteud eod of the
acconpanyi ng dra m nat i ng appar at us substantially

as, herei nbefor e g%%%??%ﬁﬂf%ﬁ%ﬁ?grQFEWEHEE ‘to Figures 10 and 11 of the

acconpanylng dr awi ngs.

10. An . illuminating apparatus substantially as
g _ héreinbefore described with reference to Figures 10 and

11 of the accompanying drawings.
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