A LI GHT DI FFUSI NG DEVI CE The present invention relates to a |ight dlffu5|ng
devi ce whi ch effectively diffuses a'light conponent of. a desired wavel ength
out of light enmtted froma light source and conducted through a |ight
transm ssion ele- 5 nment, so that the desired |ight conmponent nay be e
exclusively directed to the outside of the light trans- s S{Gﬁ ele nt -
The-present invention also relates to antapparatus for ufif rﬁﬂ+4i nat

whi ch enpl oys such a light diffusing device. 10 .- Light transm ssi on

el enments are known in various forns as typified by quartz glass fibers,
optical fibers made of plastics including acrylic resin and polycarbon- ate
resin, and fine tubes or flat plates constituted by such-fibers. Were it

is desired to utilize the Iight 15 propagating through such a |ight

transm ssion element for illumnation purpose, for exanple, the |ight has
to be diffused to be routed toArliSHE B BING BEVECEe | i ght transmi ssion
elenenmg Meanwhi e, light. com ng out fromsuch light trans- 20 m ssion

el enents is usable to illunminate the dials of various meters installed, for

exanple, in audio instru- ments and autonotive vehicles. For such
application, the light is required to |rrad|ate the dial - of a’ neter to even

|ntenS|ty over the entire diral surface. - .-2-
The present lnventlon relates to a llght diffusing

* device which effectlvely diffuses a light component of
a desired wavelength out of light emitted from a llght
4 source and conducted through a llght transmission. ele-

5 ment, so that the desired light component may be .
exclusively directed té the outside of the light trans-
mission element.- The present invention also relates to
an apparatus for unlform lllumlnatlon which ~employs
such a light diffusing device. _

10 Light transmissioh elements are known in various

' forms as typified by quartz glass fibers, optical fibers
made of plastics including acrylic resin and polycarbon-
ate resin, and fine tubes or flat plates constituted by
such fibers. Where it is desired to utilize the light

15 propagating through such a light transmission element
for illumination purpose, for example, the light has to

S ' be diffused to be routed to the outside from the light
transmission element. -

Meanwhile, light comlng out from such light trans-

20 miSSlon elements is usable to illuminate the dials of
various meters lnstalled for example, in audio instru-

ments and automotive vehicles. For such appl:.catlon, the
.llght is required to lrradlate the dial of a ‘meter to
even intensity over the entire dial surface.



--and

According to the present invention there is provided a |ight diffusing
" device conprising: a light transnission elenment for transmitting |ight -
entted. froma light source; and a plurality of discrete |ight
- di fFRsing menbers positioned at spaced |ocations on said |ight transm ssi on
el @ ; each of said light diffusing nem bers being arranged to diffuse.

| fscharge outwardly. of said |ight transm ssion elenent only a speci fic
~wavel engt h-sel ect ed conponent of- tzhe- 1 i ght -propagating through said |ight.

HtransnlsS|on ele eggt ggeégkéggﬁu#ﬁggﬁtgégfEﬁépg gnbers

conprising a ura h erent_ refractive 1ndices. Thé
1ight tremerided @n ]eﬂaé?ﬁerﬂifr%&ﬁiﬂts r?éi’éi-Qﬁ Qﬂﬂﬂf‘ciaﬁ Dg3pers, and the |ight
d:cffESI ng nenge][% mm@rrbamm@h r3sdnfen O ori |tr(aﬁ”snfi€t3ﬂilng At | east one
of the | Si nenber.s ris singl e-layer structure having
- a refraciigél?tv %L&P% ]fifqr,}f% Ao garfhefractlve i ndex [err] of -the
|'i ght transnlsS|Gm ewbmmmlitYaanreﬂéBedeté t Ad ghdt t iififarsiag i ve i nddy/
[err]. bymé:ﬁt?‘enéa'ﬁ%s%f&@d her rdpax:eQ Yodat fonk Abn! 82t Qightai d. o

R G SR TR T ST A
1 ght dlﬁénslhqﬁngﬂdnnangadttnunkfﬂdsﬁ arohfd ipoharigen oubwaz ddonvex or - _
concave gpnfhqyrafinte TranintissioVelshéRE" AP hSGpRdigikector
o wavelength-seleoted component of the light propagating | S
through said light transmission element, at least one .
of said light diffusing members comprising a plurality | ' -
of layers having different refraotive indioes.
The light transmission element may be made of
.optical fibers, and the light diffusing members may
comprise epoxy resin, or silioon resin.. :
At least one of the light diffusing members
may comprise a single-layer structure having a refrac-
tive index n, different from a refractive.index ng of
the light transmission element, and related to the
latter refractive index n0 by the relationship. |

n1/n0.=l0.87 to'1.3'

o
-

' At least one said single-layer light diffusing member AN

may have a flat. configuration, or a convex or concave'
lens oonf1guratlon. _ =

Also, at 1east one said plural-layer light .
diffusing member may have a flat oonfiguratlon,_or a
convex or concave configuration. i |

The dev1ce may further comprise a refleotor
member oarried on a surface portion of the light trans- h
mission element which is opposite to a surface portion
which carries thellight diffusing members. |



. menber -carried on a surface portion of the I'ight trans- m ssion el enent
which is opposite to a surface portion-which carries the light diffusing
menber s. - Also, the light transnmitting el enent may have a first end
receiving light fromthe light source, and a second end opposite the QEE%t
end, a reflector menber being dlsposed at said secbnd end. Reference

now be made to the acconpanyi ng draw ngs, 3i'® which: Figure 1: a view

of a light diffusing d%&%%e ¢Ret 148 %t%?Eﬁshﬁtﬁﬁﬁgrﬂiaﬁﬁ?ﬂﬂ%Qytﬁ§v

i nvention, but illustrating pri nci eration T usi ng
device; Figure 2 ifdrst jeag SP”arFFﬁégigﬁboagﬁﬁnfrBF Lhe; E@hgl??%%%ﬁ'
erbodyi ng the praamena sexendi end bboosdtsd ithea firevt oénda, |a gMefledtarsi ng

devi ce, agalnlug d&; I%%ﬁhﬁ hﬁsﬁsggﬁdgecgafﬁtgeogﬁd gxantlon but

illustrating a prlnC|paI usi on Igure IS a V|em1exglanatory
of a precedure for fornﬁﬁgerﬁn°§oﬂé&&en°WéW%JﬁH&bé@ thegRecompaRYiLng
menber “shown i n drisgidhgs3; 1E|guﬁea-5 ahd 6 are views illustrating a second

2”‘8?322‘33&‘?oihfeoﬂneﬁg”?g?}%% i KT8 ofioid. Laper" fLprasmgy ©f
~device, not in 1tself in accordance with the invention,
— but illustrating a principle of operation of a light
. - diffusing device;
' | Figure 2 is a view of a first embodiment of a
light diffuser embodying the present invention;

Figure 3 is a view of a 1light diffusing
device, again not in itself in accordance with the
invention, but illustrating a principal of 1light
diffusion.

Figure 4:is a view explanatory of a procedure
for forming a concave lens-shaped light diffusing
member shown in Figure 3, _

Figures 5 and 6 are views illustrating a
second embodiment of the present invention; and

Figure 7 is a view explanatory of a procedure
for forming a concave lens~shaped double-~layer light
diffusing layer Structure shown in Figure 6; '

Figure 8 is a view of an example of convent-
ional apparatuses for uniform illumination; '

Figure 9 is a sectional side elevation of an
apparatus for uniform illumination equipped with a
light diffuser of the present invention;

‘Figure 10 is a schematic plan view of another
embodiment of the uniform illumination apparatus with
the light diffuser; and

Figure 11 is a section along line XI-XI of
Figure 10.



“diffusing layer structure shown in Figure. 6; Figure 8 is a view of an

: -exanple of convent- ional apparatuses for uniformillum nation; Figure-9 is,
: onal side elevation of an apparatus for uni formillum nation -

with a light diffuser of the present invention; Figure 10 is a

S c plan view of another embgdi ment of the unlforn1|IIun1nat|on
;3apparatus with the light diffuser; 1d Flgure 11 is a section along |ine
XI-Xl..of Figure 10. = \Wile the apparatus for uniformillumnation"

*_enploying a i ghipdifff Ugidida +§€un§6fafdua@fhpmt fiqlah@ﬁse&ohnvent' onis
'susceptlble of nunmerqus_physjca odi nent s g on the

envi r onAERLoVARE r2qdisblefif Hsing dey, %Faﬁﬁc&‘" €t he. enbodi -
ment s. sf]ﬁwseaml ﬁa&&rﬂﬂmﬂ imranscéwﬁbbeeofnadmerbast edysmdalused and al |

- ‘have per tl ti cto ﬂp&@g ¢ Re ring to Figure
1, the pr| nC| 3'1 p@é;%%{%n % Xp?ﬁ h% ff%asflvn e%n ce ILiS%&SChEITB.tI cally
i |l ust rmiwffﬁ@f @ﬁeﬁéé:nﬁ%#ﬁ?niéaﬁe%‘iw-%SO the; gaPodi-source Wh

| may be Hedt L ¥AGWNCand  dosdr ibéd Heresithave been made, tested

and. used, -and :all have performed




lanp, laser, . light enmitting diodes (LED) or:output end of a fiber optic:
bundle: ~ Light emtted fromthe |ight source 10 is incident on the
adj acent end of a light transm ssion elenent 12 having a refractive ings
[err]. 10 -Typical exanples of the light transmission elenent 12 may (
~quartz glass fibers, optical fibers nadg-of plastics such as acrylic res
r ‘pol ycarbonate resin, or fine tube or-41lat plate nmade up of such fibers.
A l'ight diffusing material,.such as silicon resin or epoxy resin, is
applied 15 to a surface of t he. Ilght transmission el enent 12 to form _
light diffusin er ela ers 14 has a re- fractive index
[err] dlffereng §§ g?nfg? ?ag+s% ?Y% %5??%53 m ssion el enent. -12.
The refractive |ndeReFerr}ngst9r%%QuE©tbd the lprineiple ofitdpenatidme of

refractive indaxifghkl dZ@fusihQSdéWri&é “1Eh§chaﬁg%ieﬁlﬁgo!ﬂhgst@ﬁ%éﬁemmui A

l'ight emtted on1%h %ht sour 0 ang conduct ed %
is routed to t RESTERS rg§§ Bnategeoa | L8 |ffu5|ng layers
14, 1t "wi Bl t&punnawwhtnhemdm @bt Gbnpenanplbavanguaby fidsoredcentel engt h

can be 25 . DlS4Rg, EF%QE:OU%JT&QE hi{eehd%ddued Su}fm' i cf”bq]u{;ﬂi &g L1 Ve

Fndex [err] of th usin ayers 14 1s se ected accor erring
to Figure 2, a°F|§hf1€PFf98 kC PRALR ng t hEl EhéseﬁFIFﬁ9€ntfﬁﬂm|s shown and
%n Yvhukch tPe sghe B@ghtséoueter po mriﬁcf&eﬂhaﬁe e Facﬂ;l&diarﬂt Herrrad%aqnat ed
y like refere u S npr t .ql usi ng
sections 16, 1g§§hg ggggjsajé%s%dgléni%% ilc%}\a%c:)r'f‘é) #esﬁ%t l%an%rﬁ SR

el enent 130’ ThBvpigai ﬁ###‘n%ﬁ}g"%e'@lﬁ &FWI@W#SW‘E@W@%I%MY

KJ . 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 epoxy resin, 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 n, of the light trans-
mission element 12. The refractive index n, is preselected
such that its ratio to the refractive index ng, nl/n
20 lies within the range of about 0.87-1.3. Thus, light -
emitted from the light source 10 and conducted through
'_the element 12 is routed to the outside through ‘the respec-
tive llght diffusing layers 14. It will be seen that a
\ _ light component hav;ng any de51red wavelength can be
- 25 picked up through the dlffuslng layers 14 if the refrac-
- tive index ny of the diffusing layers 14 is selected
N - accordingly.
:; ' Referring to Flgure 2, a llght diffuser embodying:
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 comprises
light dlffu51ng_sectlons.16, 18 and 20 arranged in
. Succession on the light transmission elementrlz. The
light diffusing section 16 is constituted by a single

35 light diffusing dayer l6a having a refractive index n, .



-:reflectlon

,35 Ilght dlffu5|ng Iayer 16a haV|ng a refractlve index [err].  The Ilght
d|ffu5|ng section 18 is made up of two'.light diffusing layers 18a and.|8b

‘havi ngaefracti ve indexes n and n2, respectively. The light diffusing
-"SeCtIO is formed by three light diffusing sections 20a, 20b and 5 20c¢
-whose N

10se We¥fractive indexes are [err]7and [err], respectively. If the
‘refractive indexes [err] and [errffgf the respective layers are different
firom one. anot her, |ight conponents of different wavel engths will cone out
through the respec- ‘tive light diffusing sections 16, 18 and 20. For.
.exanple, 10. the light diffusing. section 16 may provide a Ilght conpo-
“nent L mhecddghyt ﬁdffubhnglaabtmon LBeibki ghtiedupf afi hgoskighbn 18 a |i ght
conponenty. E%aggangQ?gﬁﬁ Egs %ﬁ&le%rﬁggiﬁﬁ bxfEHet@béfyﬁaggeéayer 18b by

u3|n&hsect|o % 3 ht conponepnt [err] with:
15  t hefyi @nfafs . Rr&ﬁ&eGF%Vﬁéyole Fa}égbtlﬁﬁé BEHPEISPELERRt £del y by .the
di f f usi ngsl Fwemed28lh ehetedOtight wilfFubtngeadbkjonsdeoa)ordbtamd wher ewhe

_Ilght dlfoSI secti 2 re capri op o t he Ilght.
transnlssp nwﬁgé % f% tégﬁe%%ggggﬁggfgygl Zé sqd2g3,q%sa%ﬂﬁgg%% the = -
ot her si @& d&het hrefmagm-vsr andeKesi bpsehgnend B3 mﬁetbet respeetivms 16, 18
and 20 anﬁq%&%ea&e h&fwbkbnelseoﬂeoﬁéeahotha& w@ggattaembbﬁahtéron1the

i ght sour 1% r-s.th araII E e a_reflecting
layer 249 %‘ % ﬁvfﬁgngﬁggonii °8F g rou?é %gﬁos??ge?o t he
l'i ght |npunmeﬂdght diffusing sections 16, 18 and 20. For example,
© 10  the light dlfquLng section 16 may provide a light compo-

-y

. -

nent Ll necessary for lllumlnatlon, the light diffusing : o

section 18 a light component L2 with thermlc rays R_
- removed by the diffusing layer 18b by reflection, and
| the light diffusing section 20 a light cdmbonént'L3 with
15 thermic rays R and ultraviolet rays V intercepted
respectively by the'diffusing layers 20b and 20c. It
wzll be readily ‘understood that where the light dlfquLng
: sectxons 16, 18 and 20 are carrled on one side of the
11ght transmlsSLOn element 12, a reflectlng layer 22 may
20. be lald on the other side of the light ‘transmission
element 12 where the sections 16, 18 and 20 are absent; _
It will also be clea:'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 ;' LJ/
25 12 opposite to the light input end. ' '
Referring to Figure 3; "another form of

light diffuser is shown which
employs generally lens-shaped light diffusing sections.
A light diffusing section 26 is in the form of a convex

30 lens having a refractive index n s while a'light diffusing
section 28 is in the form of a concave lens having the
same ;efréctiVe index n, . 'Light}'therefqré,"will be
converged by the light diffusing section 26 and dispersed
by the light diffusing section 28. The convex lens can

35 be formed in a desired shape merely by drOpping'resin



'REferfing to Figure 3, andfher forn1'df | i ght di ffuser "is- shown
whi ch -enpl oys general Iy | ens-shaped- | i ght d|ffu5|ng sections. A light

di ffusing section 26 is in the formof a convex 30 I ens having a iﬁi
refractive «index [err], while a light diffusing sectlon 28 is in the xQ

- of a concave |ens haV|ng the same refractjve i ndéx” ferr]. _Light, N
therefore, will be converged by the light] diffusing section 26 and
dlspersed by the light diffusing section 28. The-convex |ens can 35 be
formed in-a desired shape merely by dropping resi‘n | onto the | i ght

‘transm ssion el ement 12, the shape depend- ing on the viscosity and surface
tensi.on of thentsithe |Jnsh¢oruramsmsgh.enweﬁlamehe LRghther shape séependt enent

12, etc. Theefﬂqﬂfcﬁafecﬂee%sc% ggea%h%ﬁaeé teaellaﬁ aeresé PesiRy the

procedure gener denonstrate ure g sul tapl e
anount - of resiiFSdantast ARGl WLFS tH&eilﬁéFrFrPESP FFéBnlﬁl%m%BFeléQ of a
nasklﬂg'fI|ﬁ13£U£WKiTh§tcﬂhdHWQ lemis; bastheentherdaaed, thr baskormedi| m 30

i's removedstoy RAMIEA Geb 803109 bGohE0Rcna83F230P0 40 1gl cren

12. - The c%rvat re of’ the conc depends on the sur e_tension of
~the resin, ingigurg d‘wetaers‘-’é»f"-apﬂé ﬁﬂ@k‘iﬂﬁgqfl FRs3p vith. the mefragkiveach

I'i ght dlfo5|rEh&@ﬁtnC”héﬁbiﬂ¥EJ(ﬂﬂﬂajﬂateaﬂd %Eahlhﬁskﬁnﬁoﬁiﬁm 906 &pagcave
_llenses laid oneg.u } he_ ot.her exe b e, shown
TnEoure 5. rEReRy one SR as” bediy B dene "nie  BsAkLag it et BF o
_ : removed to leave the concave lens on the light transmission
10 element 12. ' The curvature of the concave lens depends on
the surface tension of the resin, inside diameter of the
‘masking f£ilm 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 exemplified by the
15 structure shown in Figure 5.
Referring to Figure 5, which shows a second embodiment of the
invention, a light diffusing section 26'comprises a double-layer
convex lens structure made up of two 1enses.26a9and-26b'having diffe~
rent refraetive'indexes n1-and-n2;-respectively. Likewise, a light
20 ‘diffusing section 28' comprises a double-layer concave lens struéture
constituted by two lenses 28a and 28b whose refractive
indexes are also n; and Ny, respectlvely._ Stratifying
a plurality of lenses of different refractlve 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
to become incident on the light transmission element 12
_ which is provided with the double~layer concave structure
30 28' as shown in Figure'G,'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

[
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" CONStT

i nvention, a light diffusing section 26' conprises a doubl e-1ayer convex
| ens structure made up of two | enses 26a and 26b having diffe- rent

refrve i ndexed [err] and. [err], respectively. Likewi se, a light 20

L

di ff kg section 28" conprises a do | e-1 ayer concave |ens structure

uted by two [ enses 28a and 288)whose refractive i ndexes are also
-[err] and.[err], respectively. Stratifying a plurality of.lenses of
di-fferent- refractrve i ndexes in the manner shown and described will nake it
possi bl e tDi bt frivelcne W g Mwiade o0 @rirais aheradghengransut of the

I'i'ght routed e ffusi Cl4l O, exagnl re visible
light is: éﬁﬁgcﬁ ?%%ﬁl%hé % g fr%razﬁ' t110 @(’)e g%(g)’rreér %rfg'eﬁtyigﬁ the Iight
transm ssikayven eﬁﬂht mRy - \mc aid mmovtkedend: (of htheloaberenbydR concave

structure osﬂﬁe %hewrnghfl gﬁbﬁtGeddle dr-*fitgusengr | snew2Ba reflects

th R 8b t It I Al wh
chem ¢ ety i T, EAF S L0 CUFpRRYEe 1
transni ssidif tisimmtsebtion 28f| ent timg Iight tnanSMQSSiyﬂ g&ilementt he cher
side 35 r@erwm 'bﬂbaedu{»éuswg e%evetdq&m? esahsgal: wherRnehe 8-

1ight fromthe |ight Source rans- mssion el ement 12 .
'|ngparaHeﬂrqqﬁ§¥ﬁﬁ)d%@?%??%@t?ﬁﬁhl5?5?@89°%m®°bggsgrﬁ &t théPend of the
el ement 1Figyesi g to ishdthablet vobate erd: . rebigu28ar withs thepr ocedur e
for form ng, HlIe. SIaNeade9, Si4 Ughiit Eod” aflh’ hiPlBAegth 8N boRe ON the

Irght transti sof oh
32" of a masking film 30', then a suitable amount of

resin 28b with the refractive index n, is hardened on I \ik¥

the first resin 28a, and_finally the masking film 30!
is removed. The curvature of the resulting concave
lens structure'is'determined by the surface tension of
the resin”,. the inside diameter 'of_.the'masking__.film,
ete. o o S
| It will thus be seen that the light diffuser
in any one of the Cforegoing embodiments of the -
invention is capable of selectively discharging a light
;ccmponent_ having a Specific- wévele_ngth at a desired
position of a light transmission element. For example,
light for illuminetion can be picked up with thermic
rays Separated therefrom. Such selective separation of
light bermits an object of illumination to be formed of
a material which is rather poor in resistivity and
stability to heat and_the-like though useful in optical
| fuhction. This ensures a wider'range-of selection of
materials for objects of illumination.

Reference is hereby directed. to copending
patent application no. 8522686 which is divided from
this present application,'and which is directed to an
invention embodied by the arrangements now to be
described with reference to Figures 8 to .11 of the
drawings.

'S



12, which procedure is essentially si mlar to the procedure described
vmth reference to Figure 4. In Figure 7, a suitable volune of resin 28a
with the refractive index nl is charged and ‘haifdened in a bore 32' of .m)
masking filmi 30", then a suitable anount of resini286 with the refractily€?
index [efr] is hardened on the first resin 28a, and finally the masking 7.
film30" is renoved. The curvature of ti(sa resulting concave | ens
structure is determ ned by the surface tension of the resin, the inside

di anmeter of the masking film ‘etc. It will thus be seen that the |ight

di ffuser in any - one afow,t haudior eged NGOt OAcERBEIe Oinstr@némyent i on

aif Hleof _ H E
vavelongt h at S2ed VB Hols T RIRUY, "Ge ol IRE R ERYed CRola ferET €
exanpl e, |ight mefers Iwhﬁq&ataltﬂuldiarb%eulpiMmpimmim'eedn thraysh-

Sfepalr th};d tther Qi‘x{wmheitcfb&efﬁés VEH@@D% athén ndltubiedHr PAIdH téq@{b-obl ect
- OF 1 nati on

s rath 00
resistivity andneg’tq: %Pyeysrhe'é?e a?fH"i‘FF‘e "Iq\ﬁgégtengﬁﬁﬁeﬂgg?ﬁv?#%? cal
functi.on. Thi sfmmgnr é&lammabiom aepiad isclsuppildedobynthersedendary Obj ects
of illuninati O i 2 tb%ns'?@f-ﬁ@)‘ aﬂ?rﬁ%eﬂi hercwsﬂdm&ﬁl 72
appl1cation, and

appl i cation no. divid rom thi s present
‘which is di rectzeug5 ’n\Féthil(?ﬁl "é'rPS’odi that arlaRRy ettt g now to
be descri bed wﬂ&aré.fimiﬂncseuroangnnes 8 to 11 of t he draw ngs.
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. Now, ‘audio and other acoustic instrunents carry various kinds of

“indication plates and Ievel neters which should be unlforn1y |Ilun1nated
~thrg : out their surfaces, due to the nature of such equip- nents.
- Ho .+ the source voltage preserhgy avail able for an illum nation devi ce .
ks plled by .the secondary w ndtrg of a transforner and not hlgher t han
:,dabout 12-- 24V..  This, coupled with the fact that a | anp serving as a |ight
-'source cannot be- Iarge due to limtations in design and space, nakes the
intensity of illumnation on the indication plates insufficient and uneven

. [ ;gg_r dl. e%% QEIBQedhbl H81 mﬁfni.ﬁalei&ﬁk Eﬂ? ﬂeglghraﬁa n5§3¢@n m#w O;:' refl ection
- i lL]lupina S
as a I|gﬁpes6&F€8515Yn3ﬁbéigg?lgﬁgﬁoga RNeRYSIEALUS LGN Lt ces fOr example,

| s are requlred, rendering the
Wiring i insuEfieiantd ahd unsveprUHGBrdleés o Hhe il bWBLRIELRNicl e, on the

guher hagsolal| 98, TRkahndse18h! & EQBédoﬁnraﬂléﬂﬁibﬂ”’eﬁ’eDamre'ﬂ front, of

1 _
10 8 e cban ab Lakuat e ERRcRE oL RE LR HED Y- £, Spagam e Pelle
ssurfacesasfathight dicurce Figuruntsen i ey %awﬁ/%rﬁﬂ%ﬁ'zﬁq“éﬁ‘teémt ive.

- -“Speedoméﬁdé’ﬁﬁngt&@%?ﬁq@é ethid 1 S UAD XS IOGERBhIbAWR.I N
” In an automotlve vehlcle, on the other hand, various
- meters are arranged on an instrument panel in front of
10  the driver's seat. These meters, particularly the _
o speedometer, have to be illuminated to an even intensity - 3
distribution over the entire surfaces of their dials. | '
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 between the reflector
36. and the dial 38 is made larger at a point A close to
_the lamp 34 than at a point B far from the lamp 34, in
20 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 S iaf
~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 light diffuser
which are  designed to serve as an illumination
330' apparatus capable of eliminating all the drawbacks
discussed above. In Figure 9, the.illumination-apparatus
comprises a light source 40 similar to the light. eource
employed in the foregoing embodlments, a light trans-
‘mission element 42 also similar to the one prev;ously
35 described, and a number of light diffusing layers 44

-~



15 Figure 8 are a light source 34 in the formof a-lanp, a reflector 36
in the-formof a mrror, and a dial,, 38.  As well known to the art, the '
di'st ance ‘bet ween the refl ector 36“and the dial’ 38 i s made |arger at aﬁggigt
A close to the lanp 34 than at a point B far fromitite | anp 34, in 20 <an
effort to achieve an even distribution ﬂlentenS|t|es The |ntensity,
however, unavoi dably drops in a positioni fenote fromthe |anp 34 due to the
nat ur e partlcular to such a,system while a substantial space nust be

all ocated in the aspect of" Structure. Furthernore,  the speedoneter 25 of

t he kind .concerned requires a di sproportignate nunpber % % cturkg

steps as wel | asamriRdmmmiie ildwlite EISMiRELOR PAF™EE F Gar e

are shown two dtisﬁé«‘rf»‘rme:?rmotbmmies aifefusiiglt layeasf ﬂases whPsan suglrte

d d t ¢ b
e|e|SIrngzgct| ng al |tl??£e%¥s§w£azta(o | Stlé{lnssec?r%.%tige i a%%r %gungEHa !L?gﬁ‘f:

|Ilun1qgt|on appaanﬁmms&xﬂnw&kﬂﬂ#QFIﬁ%ﬂﬁ#e§oﬁﬂéélﬁot?FnFP&Fet8 tﬁegylght
source enpl gyedyigst he f or égoi ng enbodi nents, a |light trans- mission
el'ement 42 also .simlar to the one previously 35 - described, and a nunber

of light diffusing I"Hieka Lght fzom jthe &&9PF‘FeSPP§ﬁ? PafBkeES BReel enent
42, The refrac-1ighte truissmissifon l2a efiehftugi2ngndapevpaddtes thoshe &iwdc+ hat
its ratio to t fact of :th h r [ el enent
o b PR APl S Bkl ShEGlE e

- . respectlve diffusing layers 44 to illuminate a desired
: 10 object. In this instance, the luminous flux density is
S high in the area adjacent to the light source 40 but

progressively lowered toward the end of the element 42

ere

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 made progressively 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 progressively decreases from the layer
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
y ' and/or the end surface 48 of the light transmission
_ . element 42 may be constituted by a reflecting mirror
s _ . surface in order to more effectively utilize the light

incident on the element 42, as described in conjunction
30 with the previous embodiments.
' Refertring to Figures 10 and 11, another
device - 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



~While light fromthe |ight source 40 enters the Iight transm ssion el enent
42 and propagates in the direc- tion indicated by an arrow, it cones. out
AT he respective diffusing layers 44 to illuninate a desired 10
In this instance, the lupinous flux density is high in the area -
_ ¥ to the light source 40 b tj@jogre55|vely | onered toward the end of
the el ement 42 remote fromthe light input end. As a result, the anmount - of =
-dlscharged | i ght naturally decreases in the area 15 renot e fromthe Iight
sour ce, dlsenabllng uni formillumi - nation to be acconplished. In light of -

this, the, eiodio gy Mﬂo}:@'&ﬂ@l@ Iy herc howarden pbisttioat ure that

t he d| ffusrng | ayers ar.e e Si'V r. frn he one cl osest
" to the If%@%ﬁr%@%\é}e 55&%“%0%% f'ae‘thf\g’egt@l %?%rlﬁx{ ﬁgwggne Such a -

t hi ckneseskes rateitéammant ﬁd’leeacaye:ﬁlem i $ilamisatd@m@EcsA™anount of |ight

~ attenuat Jertlfify &7 &hd NUPdL F0a%e addevdsest to-the
l'i ght soéjfr)i(;se ovgﬁﬁﬁé%ﬁayﬁ 44 fart hest ﬁmthe sane, .t her eby setfg{hg _

up uhi f 9n et aghisvahke ofl ththe J&yisss ect. The back surface 46
and/or the e%ﬁiﬁﬁ@&ﬂ:&&ﬁaﬁiﬁhé ivgi11 threneswe: @piparrealte fonthasemy be

- constitute, ar ti idh Y ¥r theMBbpentibact i vel y bl
utilize stlﬁgl'llb%/dg’}'rt ﬁ"cﬁﬁzerég%oanrpt:iﬁg f?wrge%?l%ﬂ oz%; descri beggl n conjunction

30 wi tdlaims previ ous enbodi nents.- Referring to Figures 10 and 11, another _
_ deV|ce ‘i ncl udes a plurality. of light diffusing |ayers

These layers 50, different fromthe Iayers 44. shown in Fi gure 9, are
arr]a91ged to such a o
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35 den5|ty which is lowest in a position closest to a Ilght sour ce- 40

and ‘made - progressi vel y higher toward a p05|t|on e Ilght
source 40', though their thick- nesses are co 'ﬂ)“ﬁﬂmmmﬂgm
IIIun1nat|on accom plished with the arrangenent *of¢c S
even 5 ‘as that achievable with the | ayers 44.. Various nodifications mnll

beconme apparent. ‘to those skill ed, mﬁthou;fgfpartlng fromthe scope of the
appended clainms. 10 15 20 2530 35 CL: A light diffusing
~device conprising: acth9nk. transmission elenent. - for transmtting |light
emtted froma |ight source; and a plurality.of discrete |ight diffusing
menbers positioned at spaced |ocations on said light transm ssion
~element, each of said |ight diffusing '
; : 1. A light diffusing device comprising:
_\Ej a light 'transmission' element for transmitting
light emitted from a light source, and
a plurality of discrete light diffu81ng members
positioned at spaced locations on | said light
transmission element, each of _said ‘light diffusing
' 2 . members being arranged to diffuse and discharge
outwardly of said 1light transmission element only a
specific wavelength-selected component of the light
propagating through said light tranSmiseion element,
at least one of_said light diffusing'members comprising
a plurality of7 layers having' different refractive

indices.

2. A light diffusing-device as claimed in eclaim 1, in
which the light transmission element is made of optical

N fibers.

3. A light diffusing device as claimed in elaim 1 or.
claim 2, in whieh_the light diffusing members comprise

epoxy resin.



L diff

‘ menbers be%ﬁg~‘§FF§ﬁ§Ea~”d—chffuse and discharge outwardly of said
“{1|ght transm ss nly a specific wavel ength- sel ect ed conporent of .
the | ARL p&“mgﬁ“g‘“m&m said light transnission el ement, at |east one
. of sjiihlg) [

ng frertbers conprising a plurality of Iayers havi ng
Fexd refractlve indices. 2. | light diffusing device as claimed in
“claim1, in which the light transm.sSsion elenent is nade of optlcal fibers.

3. A light diffusing device as clainmed in claim1l. or. claim2, in which the

7}I|ght ‘di ffusing nenmbers conprise epoxy resin. = 4. . Alight diffusing
device a#.cl aknmedghs ahigifosingr devace as cmawﬂeahlhhelémht & f f usi ng
“menbers conprise silicon resin. 5. A light diffusing device as.

clai med cilaimaBy ﬂnewhdchgthbalﬁghtndﬁﬁfublag mepbsers ocenprisde | i ght

. di ffusing menmbers conprises a single-layer structure having a refractive
index di PRdieAn FP8APa refractive index of the light transnmission el enent.
6. A light diffusing device as clained in claim5 in which: [err] ‘EgS?
to 1.3 where [err] 1is the refractive 'index of the Ilght :

- transmi sgi.on gl eqygheand; phubifg’ heFehb oab B athel Cin  any

precedlng claim, in which at least one of the light-
dlffu31ng members comprlses a single-layer structure
haVing a.refractive:index”different from a refractive Y Vo

index of the light trﬁhémission'elément.

6. A 1lght difquLng deV1ce as claimed in elaim 5 in

which-
n1/n0 = 0.87 to 1.3

where n, is the refractive 1index of the 1light
transmission eleméht'and ﬁ1 the_refractive index of the

single-layer light'diffusing member or members. - ' S ':\ ’

T. A light diffusing device'aS'elaimed in elaim 5 or
claim 6 wherein at least one said single-layer light

diffﬁsiﬁg member has a'flat configuration.

8. A light diffusing device as claimed in claim 5 or
claim 6 wherein at least one said single-laYef light

diffusing member has a convex lens configuration.



singl e-1ayer |ight diffusing member or menbers. —T__‘“—TT‘TW‘TWT+u5|ng

9
device as-.clainmed in claim5 or claim®6 mhere]
"single-layer light diffusing menber has a flat" @ﬂ""gﬂ m Bj" J
di ffusing device as clainmed in claim5 or m hst '
single-1ayer |ight diffusing nmenber has a_é;nvex I"ens conflguratlon

9. - Alight diffusing device as clainmed in claim5 or claim®6 wherein at

| east one said single-layer .|ight dlfoBIﬂg menber. has a concave | ens

o ey ot B0 A TBhe O AR S 8e " 3p bR M B S S O
L aceding S Icqaimlj& W&réllrghét %LLHSIOQQN ur\eﬁ C%ayer I ghtﬂgﬂf% usi nany

precedi ng claim wherein at east one sai g
menber has a comigrukehg membeguhaki 8NcoddaveAlbhghtosirigwsagonlevi ce as
cl aimed-in any preceding claim wherein at | east one said plural-Iayer

| i ght 3 _giffusing menber has a concave | ens configuration. 13. A

l'i ght diffusing device as clainmed in any preceding claimfurther conprising

a reflector mentl@r cérrildahén diffnsing pdeviea odsthelaimed timnsanBsion

ekenment which is oppgsite to a surface portion which carries the |ight
d|ffu3|ng menbepgfeceding claim, wherein at least one said plural=- layer

0 ' light diffusing member has a flat configuration.

/ 11. A 1light diffusing device as claimed in any
preceding claim, wherein at léast one said plural-layer

light diffusing member has a convex lens configuration.

12.. A light diffusing. device as  claimed in any
_preeediﬁg claim, wherein at least one said plural-layer
light diffusing member has a concave lens

configuration.

- 13. A 1light diffusing device as claimed in any
'k/ ' preceding.claim further comprising a reflector member
carried on a surface portion of the light transmission
element which is opposite to a surface portion which

carries the light diffusing members.

14, A 1light diffusing' device as claimed in any
preceding claim wherein the light transmitting element

has a first end for receiving light from the lighf



. 14. A'light_diffusing device-as claimed in any preceding clai mwherein the
| ight transnitting el ement has a first end for receiving light fromithe

,'Iigh - cond. end opposite the first end, and wherein’
-t her > ”mnﬂmunnmﬁ”mr eflector menber di sposed at said secend end.
- .15, |ght di¥fusi Mg device substantially as herein- before described

owith reference to figure 2 of the| conmpanyi ng drawi ngs.. 16. A‘light

~-.diffusing device substantlally as_ herein- before described with reference
~to figure 5 of the acconpanying drawi ngs. 17. ‘A lLight diffusing device

L;accordlngoﬁmﬁ%iaﬁﬁﬂlaam&QﬂﬂﬁnQﬂﬁ|@@P?s%§ehéhélﬁBEFGr@“&es@Pﬂbed Wi th
__lreferenc‘ehérge nggﬁgrg ?f tf]?xrt%%%m?raow{dqe% dra\r%?&ector member

- disposed at said second end.

15; _A_lightjdiffusing device substantially as.herein--
before described with reference to figure 2 of the

aceompanying drawings.:

16. A light diffusiﬁg-device substantially as herein--
befOre'deScribed with refeﬁence to figure 5 of  the

accompenying dfauings.

17. A light diffusing device éccording-to claim 1 and
substantially as.hereinbefore described with reference

to figure 6 of the accompanying drawings.:
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