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(54) Title: PARABOLIC AND SPHERICAL MULTIPORT ILLUMINATORS FOR LIGHT GUIDES

(57) Abstract

An optical system used in transmitting illumnation from a central source to a variety of remote locations, coupling the light originating
from a lamp, or similar source, into a multiplicity of flexible macroscopic fibers. A heat containment barrier is disposed between the focusing
lenses and the illumination source. The light source (12) is surrounded by a wire cage (81), which forms a microwave cavity. The light
source (12) is rotated to facilitate a uniform plasma. A curve semi-spherical retro—reflector (85) is provided to redirect light from the light
source (12) generally back through the Jamp toward the focusing lenses (76). A mixing rod (90) is coupled to each focussing lens.




20 i ke, whil e the outer sheath is fabricated of a mat eri al such

as polyvinylchloride (PVC). Unlike smal | dianeter |ight guides, which
are typical | y w1945 to transmt information in rel ativel yPCUHRISH8608
control systens, these large dianeter "light guides"” are 25

typically enployed in a variety of illum nation systens where direct

lighting is difficulPARMBOLIC ANDSPEERTCAlaMJSIIPORTOILIUMINATORS

vandal i sm Exanpl es incl ude gE@$é%@$%P§@&DE§ghtlng’ di spl ay
(o

cases, pools and spas (to elimnat connecti ons near

wat er), hazardous material --zones (to elimnate the need for seal ed
lighting), and jail cells. Large dianeter |ight guides are
particularly 5 advant ageous in that only a single centralized

i 1lum nation sygheryraahdbefmehat ahgedtibat her than a plurality of

I ndi vidual |ights. A nunber of prior art approaches use
reflectors for focussing light froma source of illumnation into 10

one or nore IigbﬁegﬂiQQSEhQUngeﬁggggt No. 5,222,793 and U. S. Patent
No. 5, 259, 056 oth to-Davenport et al ., disclose |ighting systens
whi ch use a single The Prﬁéﬁpécﬂﬁﬁe§§§@ﬁbF?lﬁéﬁslB?Hﬁ#ﬁéiYneollght
transmssive  ror1gLe@RRl ngy r'ﬁorBabs9E1E'91a§1296té7,1.e%9e§€89§t fagesh et

15 al. discloses a multi-ségnmented | ens which’divid l1ght froma
| i ght beari nt ocotpdingepighte fvemns, 1éghk sourceofinfipi enej srfwveussed onto

a separat e- - opt i Gghtf gh8kes.

Description of Related Art
Large diameter fiber optics, often referred to as
"flexible light guides", are well known in the art,

10 and typically comprise a single, solid core light
guide which is surrounded by a cladding layer and a
sheath or shielding layer. The core is the portion of
a light guide which transmits light, and typically has
a diameter of about 2 to .12 mm. It is formed of a

15 very soft, semi-liquid plastic material, such as
OPTIFLEX®, which is manufactured by Rohm & Haas
Corporation, of Philadelphia, Pennsylvania. The
cladding layer typically comprises
polytetrafluoroethylene (PTFE or TEFLON®), or the

20 like, while the outer sheath is fabricated of a
material such as polyvinylchloride (PVC). Unlike
small diameter light guides, which are typically used
to transmit information in relatively complex control
systems, these large diameter "light guides" are

25 typically employed in a variety of illumination
systems where direct lighting is difficult to
maintain, dangerous, or subject to vandalism.

Examples include architectural lighting, display



U S. Patent No. 4,912,605 to Wi tehead discl oses an electric light

sour ce nouUWRReRREWeen two reflectors, 20 each of whi ch pdirhes/sssbd aht
into a correspondi ng |ight guide. U S. Patent No. 5,469,337 to

Cassarly et al. di scloses a |light source and a plurality of curved
reflectors for focussing light into | enses and then into a plurality
of Iight guidesseshepdtsis ein®Sspas rafd eQtialinatedelelctirigagnented | enses in
the prior art for coupling light into |ight %uides has represent ed- -
some advancerfEHPRECh 7T dfaq':fr"t’ D rdouss mat

bundl ed arraylimiiatd e dased for seatliedh lighitAakhi, caant jhyt desirable in
certain 30 appl i cati ons because of ease of manufacture and
realtively | fRiddst . LalieErametss ddadt guigdes, 58y particudaglyffici ent

coupl i ng of advaadBii£erd Gt only R %ﬁ%'ggEYCQBtEEQH!EeQUi des Sfi I
renai ns. ' R T2 n nany
cases requi r eneitEladriq & vt Mugid be maigteipeent rashpri fanfaa | i ght

source to a @Iﬂfgﬂﬂﬁ@(gf indivildifa ddiq@es .change according to the
particul ar |ight source being used. Mdern el ectrodel ess | anps, for 5

exanpl e, which hdvéuwraayel igHro@ fuePPeparhesr eseosetlectpasense for
coupling to gy fQN& Qi dgha ildrahte P deSource Wet BOYLMPHERIBY theg If an
inefficient coupling Is ~
10 one or more light guides. U.S. Patent No. 5,222,793
“and U.S. Patent No. 5,259,056, both to Davenport et
al., disclose lighting systems which use a single
reflector assembly for illuminating light transmissive
elements. U.S. Patent No. 5,396,571 to.Saadatmanesh et
15 "al._discloses a multi-segmented lens which diwvides
light from a light beam into four separate beams, each
of which is focussed onto a separate-optical fiber.
'U.S5. Patent No. 4,912,605 to Whitehead discloses an
electric light source mounﬁed between two reflectors,
20 each of which directs light into a corresponding light -
..guide. U.S. Patent No. 5,469,337 to Cassarly et al.
discloses a light source and a plurality of curved
reflectors for focussing light into lenses and then
- into a plurality of light guides. The use of
25 reflectors and multi-segmented lenses in the prior art
for coupling light into light guides has represented--
some advancement over the prior art practice of
-coupling light into a bundled array of light guides,
which is inefficient but desirable in certain '
30 applications because of ease of_manufacture and T
~ realtively low cost. However, the need for a proper
and efficient coupling of a light source to a

plurality of light guides still remains. -

riadoggnefg (FPght into a




used, the effective illumnance will be reduced. This w |l prevent
danmage to the wogdéiogaii des, but the cost 10 of runni ng the BZTASHE/08668
t hen be unreasonably high as a result of the wasted energy. Mre

ef ficient couplings are desirable so that the energy associ ated

wi th generating the high lumnosity of such an i I'lum nation source
can be fully utilizedn mgny caseansefvirementenfassbbeaprdpattangrior art

desi gns S L e of fopt i C n S '
W th these desi gRtt Fang: SaUPRErdunber bfons, roupre td ASGRRLALELy or
desi gn woul d be adghht ggsédes tbange accordihgntaathenpaytieniaf lheghtype

herei n di scussed . of n | his _jnvention
efficiently coupfggrggebﬁﬁgﬁgﬂgéﬁ' %%?gfha¥?%é£?$%%%gs?ibﬁ?p%bufgg, such
as an 5el ecerenplesswhikthuhavenp Biugh asghheohbppt level pravéatoar ed

by Fusion Lighticg L.nto Lt pLLgi f flexihle, roscopic |ight
gui des, which cogﬁaehgE fgfgg Eégkbgné¥e§§%¥t?§glo¥iéggsilgﬁﬁhg%;gggtenlis
to be usedwibhhbnénbnrntiinggthemhum hHat aonihebfiiaiepht catpling isource

to a variety of renmgte boca n of .the several

HaggERy | i
el ements of the PRYEAt FO& §%k8g%§¥gtgﬁ%ygéﬂ?ﬁgeihggibg?yrﬁ???%?ent BtEnster

of the enewgyloprthenki ghthageutoethe 1bghti ghidgs| dest the cost

3 10 of running the system will then be unreasonably high
as a result of the wasted energy. More efficient
couplings are desirable so that the energy associated
with generating the high luminosity of such an
illumination source can be fully utilized.

15 Another problem associated with prior art designs
is the large number of optical components associated
with these designs. Reducing the number of parts of
any optical design would be advantageous to an

illumination system of the type herein discussed.

20 Summa of the Inventio
This invention efficiently couples the light

originating from a light source, such as an
electrodeless sulfur lamp such as the lamp
manufactured by Fusion Lighting, into a multiplicity

25 of flexible macroscopic light guides, which could
include bundled optical fibers. Such a system is to
be used in transmitting illumination from a central
source to a variety of remote locations. The
combination of the several elements of the inventive

30 system results in a very efficient transfer of the

energy of the light source to the light guides.



. According to one aspect of the present invention, a light guide

i1lumnatio I ncl udes a |ight source, a nulti-s L2NS,
and at | eas{wgﬁg,kﬁ% out put |ight guide for receiving the f%’ﬁ?%sg‘@ i ght
5. guide illum nation system according to the present i nventi on,

I ncludes an illum nation source for emtting light, and a
configuration of faeHgsiNfy to onée€A i sposesl prsdmntirdldt i@rpund the
i1lum nation source. -~ Each of the focussing |l enses is adapted for 10

focussi ng eni t Bedighheuidsnt t HeriRbiematy DheR ohitclades a Light general |y

radial |y outwagghycdregthentirosttdfed lens/ ldnMdRtiysSPHLe. The
configuration of focussi | enses forns a truncated spheri cal

ne
structure, whi@Rtpyt 1ighgd9%%@%eﬁpﬁrﬁﬁﬁﬁ‘fjmg itheurdidsdti-on A ddrdd 15

A heat - cogt ai ngEDlie DAY 1 i8ink 616k SPPSELn PANESHUINE to the TPAIULHIY | enses
and the illum nhation source. The __heat-contdl nment barrier may be
coated with aninventiomfrinehludeR)amnilbmipratiany goprsieetfqrUy) coating to

bl ock nonvisi bhg; £adhati Pl O NE doABNAIAN HE oG [T oM
contacting the tocussing Ffenses. The focussi.ng | enses "nay be nmade of
pl astic when thenpeatdisposedcoiphatiamial Barayaund $hesddlumination The

|| ui nat | o Sgug £e. Mg SO Seh@Ntocussi Al SEAAL RSy damp.  Each

of the focussing enses i s adapte or focusing an approximately
equal 10 anboaessingnemitted i aht rbran Hevd |4 dmmiaeitdens swusse in a

Toel gt gu o ) GubuELely FAARRLLP bIGORIIE airecrran FEAEIIY SO0 OF,

of honopgeni zeriBbDuminabilen s@Eacte of The dovfiganiatgronr ofs fioscusddpoed for

recei ving |ightcfLom AR eSPAENG OG-8 structure, which is ~
disposed around the illumination source.

15 A heat-containment barrier is disposed between the
focussing lenses and the illumination source. The
heat-containment barrier may be coated with an
infrared (IR) and/or an ultra—violet (UV) coating to
block nonvisible radiation from the illumination

20 source from contacting the focussing lenses. The
focussing lenses may be made of pléstic when the heat-
containment barrier is used.

The illumination source may comprise an
electrodeless.sulfur lamp. Each of the focussing

25 lenses is adapted.for focusing an approximately equal
amount of emitted light from the illumination source
in a generally radially outwardly direction from the
illumination source. The light guide illumination
system may further comprise a plurality of homogenizer

30 rods. Each of the homogenizer rods.is adapted for
receiving light from a corresponding one of the
focussing lenses. Alternatively, the focussing lenses

may comprise transfer lenses, and the light guide

miT -



focussing_ lenses. Alternatively, the focussing | enses may conprise
transfer | ense®smngist he |ight guide . PCT/US98/08608 4
illum nation systemnmay conprise a plurality of condenser | enses which
are adapted for receiving |ight fromthe transfer |enses.

Accordi ng to anot her aspect of the present 5 I nvention, a spherical
optical illumni nailbtm's:yat-‘ém systéemchaylesomprrise ianiplatiadnitgowfce having a

prociml - Porieiyed O ool oKL s sl AL AL AR U b

between the proxina i'on an e di 5
optical illum nafrom tslystErralﬁsnfehelerl@es i ncl udes a curved refl ector

di sposed near the pr)?&(égg&ln Opgﬁ&lg&sg%sé:%&geén%eﬂ%]? Q. source, and a

sem - sphere OCUSSI n enses around t he
di stal portbon aiwvéfeion} eaneplharjacmbrmpbmanl i]hhlmlnat:lldﬂ 8 Stadm ONn
source. Each of the f CUSSI ngJ(Jrenses is 15 ted for focusing emtted

light fromthe ?? U it R R 2R ?%u%ceg IR y3 AR out war d y

direction from thertidnyi aadiisvasoporeiodheamdiraredintermediafteqicart ford t he
sem - sphere of f USSI ng,J ense

t her staptially surround the
T it 1 on_ 20 SSEastH cenS Begx et e ohctnd TR St hrtich:
redirecting proxrnal éyhdriegledptigm iDIemimer S@iisystem further

10 includes a curved reflector disposed near the proximal
portion of the illumination source, and a semi-sphere
of focussing lenses disposed generally around the

—- distal portion and the intermediate portion of the
illumination source. Each of the focussing lenses is

15 adapted for focusing emitted light from the
illumination source in a generally radially outwardly
direction from the illumination source. The curved
reflector and the semi-sphere of focussing lenses
together substantially surround the illumination

20 source. The curved reflector is adapted for
redirecting proximally directed light into the semi-
sphere of focussing lenses. The illumination source
may comprise a 1000 watt bulb, and the curved
reflector may have a generally circular perimeter.

25 The spherical optical illumination system further
includes a wire cage, which surrounds the distal
portion and the intermediate portion of the
illumination source.

An illumination source is placed at a focal point

30 of a parabolic reflector, according to another aspect
of the present invention. Light from the illumination
source and the parabolic reflector is collimated into

a plurality of transfer lenses and condenser lenses.



sphere of focussing | enses. The illum nation source may conprise a
1000 watt buyB.eegdgst he curved reflector may have a gepgtaldsssos
circular perimeter. 25 The spherical optical illum nation systen1?urther
i ncludes a wire cage, which surrounds the distal portion and the

i nternmedi ate portion of the I 1'lum nation source. An

i1'lum nation SOUfCch@rBhﬁgeraye@ Eﬁé@he?oaﬁéeéﬂ of @ﬁeapﬁﬁﬁéﬁﬁﬂic
reflector, according to another Eect of the present_invention.

Li ght from t he JPVEDFLABY i BR assemb Mu?gelﬁﬂﬁe§hén%%F@%%I¥CP¥%ﬁ¢%kﬁ¥w is

col limated intgs radiadlp! Bhkehy1ehst §288pe! | EASESoANEnEOPLIGNSELy | enses.
5 According to yet another_aspect of the prese&{

i nvention, an SYI¥RB| yeBF H§H§E§ FHE%B@%% ) E%%F%}+F¥ of focygsingially

curved | ems grquagesEffsh}maH EH%réi‘H' al *¥e pluraliyess| £aSs A5 AMRSs | ncl udes
a plurality of focussin | enses fornmed therein. The plurality of

| ens groups is aﬂ§P§§gpféé forting: snpstapsiakty a2 r9ued cithd an

i1 1um nation sg gﬁﬁﬁmawsnpgsﬁ%éty @Belﬁﬂérgipe'psofslens qrésepted for
contacting and titting next to one anoth round the 11Tum nation

source. 10 adavheda§§énﬁpytéﬁtF@ﬁsé@d|ﬁ%tﬁu@@ %$b¢u¢%1¢m? gfother  sjde
lens groups adgphgdqyf RhePehAdnihaResRdsaLLEd an

10 The assembly of lenses includes a plurality of
side lens groups adapted for being disposed around an
illumination source, and a top lens group adapted for
being disposed above the illumination source. The
plurality of side lens groups may comprise five side

15 lens groups. Each of the five side lens groups
comprises twelve focussing lenses, and the top lens
group may comprise eight focussing lenses. Each of
the twelve focussing lenses of each of the five side

, lens groups comprises five edges. Each of seven of

20 the eight focussing lenses of the top lens group
comprises four edges, and an eighth of the eight
focussing lenses of the top lens group comprises seven
edges.

The present invention, together with additional

25 features and advantages thereof, may best be
understood by reference to the following description
taken in connection with the accompanying illustrative

drawings.

Brief Description of the Drawings

30 Figures la and 1lb are schematic top views of

optical systems, according to the present invention;

i




I1lum nation source, and a top | ens group adapted for bei ng di sposed

above the il | wo9sdipssn source. The plurality of side | ePST/YSIBOSEOSTRY
conprise five side 15 | ens groups. Each of the five side | ens groups
conprises twelve focussing | enses, and the top | ens group may
conprise eight focussing | enses. Each of the twel ve focussing | enses

of each of the five Eidure 2 is| ansegiaupedconpengescfviewecdfeshe EFamh of
seven of 20 e e t n

conprises four e g%skggﬁé §§Eg§8ﬂtﬁk ?ﬁ§ %di %%fig@t&Ef%lgéggﬁ%t?%négs of
the top | ens groEpgupapilases seven edges. The present

I nvention, together ddi topa .fe es. and. t eof ,
may best be unggénfgog %% ge%%ﬁgﬁ%gl%ogiﬁé ?%??oﬁﬁgyggéggfﬁ%tggé
taken in coﬁnectmomtmrshctbe éeuenphmyhngorm$uatpartvef the optaeahgs.

Bri ef Descrlptlon g% #hgh g§lggr la: Figures la and | b are sphepatlc
top views of i gaP sys accorﬂlng to the present invention
6 Flgure 4 is an end view of the multi-sector lens

shown in Figure 3;
Figure 5 is a schematic view of the spherical
10 multiport optical illuminator and heat-containment
barrier, according to the presently preferred
embodiment;

Figure 6 is a side-elevational view of the

spherical multiport optical illuminator shown in
15 Figure 5;

Figure 7 is a detailed illustration of the
spherical multiport optical illuminator, according to
the present invention:;

Figure 8 is a top view of the spherical multiport

20 optical illuminator, according to the present
invention;

Figure .9 is a diagram view illustrating the
position of the edges of two lens groups, relative to
an illumination source, according to the present

25 invention;

Figure 10 is a side-elevational view illustrating
three lens groups, according to the present invention;

Figures 1lla-11d are top planar views of various
transfer lenses, according to the present invention;

30 Figure 1lle is a cross-sectional view of a

condenser lens, according to the present invention;



Figure 2 is an enlarged schematic view of the [ anp and right portion.

of the quad r illustrated in Figure |a; ~khdkdek@ 3 1S
a schematic éﬁgeﬁe%gm/illustrating the 5 mul ti-sector Iengca%ﬁgﬁu‘grns a
part of the opti cal system shown in Figure |a; Figure 4 is
an end view of the nmulti-sector |ens shown in Figure 3;

Figure 5 is a schemdgugevii@wiel at BehepheticCalie®Oof Huttiporér Opénsal

i1 lum nat or and heat - cont ai nment barrier, according to the presently
preferred angnfo o ser lens, acgpgdindgtpsthe prRSeMbvational view
of the spheentalbniul ti port optical illum nator shown in- 15 Fi gure
5; Figure 7 is a_detailed illustration of the spheri ca

mul tiport optical FEEYFendtorll4EEERERAgt bhree dipgpsiprakm@lohveht i on;
Figure 8 iss a haghti ewtehsihg FBBakkeal byuthbpebhdelser DR Cof

I 1lum nator, according_to the present ) I nventi on; Figure 9
is a diagran1vﬁéﬂ“FPIgéﬁr&PFﬁgatHéght guidssition of the edges of two |ens
groups, relative t@igure 1aNikl hughRaki @MmEAYIELal STOF dbNd ight he present
25 I nvention; . Figure 10 is a side-el evational _view

il lustrating 3intengptyefpeHgsgrobysthacEBrdPRger oleme DF BEFTE nh&nt i on;
Figures 1la-11dpapeat @@gRkagasakiews of various transfer |enses,
according to the present invention; 30 Figure lleis a _
cross-seéfional vi &Wd8feald is acsrBem3Eic| BAB, VERE R HI P RRMEL P esent

i nvention; reflector optical system, according to a second

preferred embodiment; and

Figure 16 is a perspective view of a dual -

parabolic reflector, according to an alternative
15 embodiment of the parabolic reflector optical system

of the second preferred embodiment.

Detajiled Description of the Preferred Embodiment

Referring now more'particularly to the drawings,
an optical system 10 is illustrated including a
20 compact light source 12, which may comprise an arc
lamp or similar source. The light source 12 is placed
at the focus of a quad-curved reflectoxr 14, which
comprises four reflector portions 16, 17, 18, and 19
disposed in back-to-back fashion. In each of the
25 reflector portions 16-19, the center or vertex region
of the reflector has been removed, as illustrated.
The four reflector portions 16-1% can be seen in the
figure joined at intersection points 20-23.
Light is emitted from the light source 12, which
30 preferably comprises an electrodeless lamp, such as a
Solar 1000™ sulfur lamp, manufactured by Fusion

Lighting of Baltimore, MD. The light source 12,

mmrr -




7 Figure 12 is a schematic view of a transfer |ens

and a condenswo dognsss accor di ng to the present I nvent i on; PCT/US98/08608
Figure 13 illustrates a three dinmensional plot of 5 | i ght intensity
focussed by the condenser |ens of Figure 11le into a |ight guide;
Figure 14 is a three dinensional plot of |ight I ntensity focussed by

t he condenser | ch@W@VeFi gtaRe aouprise|any convetienadaneans for Flgure 15

is a schematic t&goﬁgﬁ%oil%@ar apfgdé Cln% %Iwa{@g Ifﬁ%ﬂ opticalq %yg

according to a sec eferre ment re 16 is
a perspective vieefbéchedudy the qtp@dam)fl%ct@flbbt o: & Jabbmtirargeddomn

alternative 15 e?%??g%ggn%foinéf o AL ag%mge%gf% %&%es é)tlcrgl £8Y. tem

of the second pr odi nen crlp |on of the
Preferred Ewbodi dbfiferent dire@eionsi nend o noren pdrtéctedrtlyrowogh han

draw ngs, aQ{}ﬁPé' §8l 4 yﬁ%?&‘?ﬁ&?eii éé'é‘é&fé‘éfd%f‘cir‘rﬁg othér 20 conpact

| i ght source 12 sour ce.
The |ight sourcedé¢@irgdphingke) by eathtdt fowusflit aregfiibetttor veok r&dldct or

14, which mirrors.
Figure la illustrates three fold mirrors 24, 24a,
10 and 24b corresponding to the three reflectors 16, 18,
and 19, respectively. Only three fold mirrors 24,
24a, and 24b are illustrated in Figure la, but up to
- four fold mirrors may be implemented, one
corresponding to each of the reflector portions 16-109.
15 The fold mirrors serve a primary purpose of
transmitting heat generated by the light source 12,
and are thus advantageous when a hot light source 12
is used. Each of the fold mirrors in Figure 1la thus
serves a purpose of transmitting heat from the light
20 source 12 away from the light source 12. Since the
Solar 1000™ sulfur lamp of the presently preferred
embodiment does not burn hot, the presently preferred
embodiment, as shown in Figure 1lb, does not
incorporate fold mirrors.
~ 25 Ultra-violet (UV) and/or infrared (IR) radiation
blocking coatings may be placed on the exit lens faces
32, and are preferred in linear embodiments when the
fold mirrors 24 are not used. As an alternative to
the lens face 32 coatings, hot mirrors 24' (Figure 1b)
30 may be used for reflecting UV and IR radiation. These
hot mirrors 24' may be placed at any stage between the
light source and the output light guides and, further,

may be placed at perpendicular or off-axis



conprises four reflector portions 16, 17, 18, and 19 di sposed in
back-t 0- backyphasigifg- I n each of the 25 refl ector portlonspéié usShroskdae

center or vertex region of the reflector has been renove

i1l ustrated. The four reflector portions 16-19 can be seen |n t he
figure joined at intersection points 20-23. Light is emtted from
the ight souregibatamiionly .30 Eachr ¢beuabbd BEAR' bsesight elRpingde! &ss | anp,
such as a Sol ar 1000[err] sul fur | anp, manufactured by FusSion

Li ghting of BaPt ilfdSe eNUDOLTIRe TESERFLiNAr e 19f the circular
8

hoﬂ@@%ﬁﬁ&ercé%d%oﬂﬂr'28a9n2859n¥ﬁ&t2983| BEERSof Ofhe
emtting light. Thi's 1000 watt Ilght source 12 refl ected by the

quad refl ect or £PBE &4 roulads hemegepyzer r°@ﬁe2?rn%%aof2$h0|@@ﬁc%3%homm in

Figure lag in {@ibrises Q'E&%h%@br@h&eﬁht89§ala”Qubﬁ 5@9@1§ééﬂ5fed t hr ough
an angl e of "approxi mately 90 degrees (or g ot her desired
e

angl e) by eachcdpagopdapitdc,r apbdedfop aEFeﬁoFﬁ integraterehe. light

Figure la illugbhal 89 Hahee b2 dultipeESréfieléond OvithfdcR4D
corresponding to the“three reflectors 16, 18, and 19, respectively.

Only three fol Bomogedigegarod. Thgshomagandasr aFeds | e tbat @l teedi gur e
la, but up to jn an HOWerhahd vl EhBbAifBYtDEFi FRLEFEOLSY: Oifention.

10 On the right side of the system, or right channel
30, as illustrated in Figure la, the light beam

emerges from the homogenizer rod 28 at the exit lens

face 32. The diverging beam from the homogenizer rod \*J

28 is then focussed and split into a number of
15 separate focussed beams by means of a multi-sectored

lens 36 (Figﬁres la, 3 and 4). Each of the lens

sectors 38 (Figure 4) focusses light onto the core of

a corresponding output light guide 40.

In a conventional optical design, a focussing lens _

20 would likely be required between the circular f

homogenizer rod 28 and the multi-sectored lens 36.

The multi-sectored lens 36 of the present invention,

however, is modified over conventional lenses to

obviate any need for a focussing lens. For example, _
25 the multi-sectored lens 36 is larger than would be ~

required with a conventional focussing lens between W
the multi-sectored lens 36 and the circular
homogenizer rod 28. Alternatively, a conventional
focussing lens may be used with the multi-sectored
30 lens 36.
The optical system for the top beam of Figure la
focussed by the quad reflector 14 through the top

channel 31 is essentially the same as that of the

10
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corresponding to each of the reflector portions 16-19. 15 The fold
mMrrors servewsQe6loasry pur pose of transmtting heat gerrOTAIS98/08608t he
| i ght source 12, and are thus advant ageous when a hot |ight source 12
Is used. Each of the fold mrrors in Figure |a thus serves a purpose
of transmtting heat fromthe light 20 source 12 away fromthe |ight
source 12. Sinceighte channelsgiGy MH[aptricalulfyatdmfenfthed gfitesent |y

D o, as SoRUdRILe oSy Mo WY NAle1 Jd1PE0 SIS SR O

enbodi nent, I ncor por old mrrors.
25 U tra-ledt ethqingl 4dl/aan ibd regssehi(ialy dhieatsame as thad ocki ng

coatings may be placed 0n (it Sdpd @SS A5 +igne Al A @ pref et ed

in |inear enbodi nments d mrror re not” used. As an
alternativebto alterndfeivels, fdicEfl@roafeatgsrehatayibe dreed@boxadtiegure | b)

30 may be used. for reflgectin d,Jd R radiatioQn.,. These _. hot
mrrors 24" may f)réto%l%%% %}[é a(%g/a S egig;edn'et \Akgo}n %%agrpple, hﬁ-ﬁ gﬂl’[ghstource and
t he out put |i ghtclganmkels 3Mdor fiird hissp channelre3/l beayllreced atsquarqrendi cul ar

or off-axis

, 9 , .
orientations. Eatf§ RTETERFRADIEFT MR Hpi Hght gprides, whilg Eheq of a
respecti ve one ofeftecitatimel ad2 may onioyrogeipzerts cdss dy1e28amrgdB8b, and

28c. Each of the ¢ guide or multi-light guide bundle 44. Different
features, including. combinations of the features
illustrated within the right channel 30, the top
- channel 31, and the left channel 42, may be

incorporated and used with any of these channels, in

15 various combinations. Additionally, combinations of
these features may be used with the bottom channel 43.
The bottom channel 43 is shown with a focussing lens
45c and without a fold mirror. As in the embodiment
of Figure 1lb, the focussing lens 45c of Figure la

20 focusses light from the second reflector portion 17 to
the circular homogenizer rod 28c. The focussing lens
45¢c may be used instead of, or in addition to, any of
the fold mirrors 24, 24a, and 24b in the right, left,
and top channels 30, 42, and 31, respectively,

25 according to design parameters.

According to the embodiment of Figure 1lb, which
preferably implements a Solar 1000™ electrodeless
lamp, the fold mirrors of the Figure la configuration
are not used and light from the four reflector

30 portions 16-19 is focussed directly into homogenizer
rods and, subsequently, focussed into either lenses or

segmented lenses.

11



four circular honogeni zer rods 28, 28a, 28b, and 28c 5 conprises a

t ransparent %tg%?ﬁg, such as gl ass or clear plastic, ppgukesaseart ed
to integrate the [light beam by nmeans of multiple reflections within
t he honogeni zer rod. The honobgeni zer rods nmay be omitted in an
alternative enbodi nent of the present invention. 10 On the right
SihdeI of ht hg syst enre@e ririi gt afgaannetﬁ Flgure3Da, aa fé%a:sim@tce@l}]éﬂ Figure |a,
the |light beam s fromthe rod 28 at the exit |lens
face 33 The tbeerqihy i9eausPPaRT AE FORORERE oF T HondbenlZet | hen

f?cussefl and splbidt Senba aamuébﬁggm?elg, 1nslﬁp@ﬂ’§t@fgﬂ2@5§%@tﬁﬁa¥@n.ﬁy lmeans .
of a multi-sectare ens r a n ach of the |ens
sectors 38 (Fidére W}tPoEB§5891PFgHF gﬁtggtﬁﬁ B grogenizer ¥od r espondi ng

output |ight ggikde,4@he color of tneamgnueﬂél@naloppﬁn@ailgletsl gn, a
focussing | ens 20 woul d I'ikely g requi red petween the circular
honogeni zer ro&uégeénﬂstﬁéenﬁPFF 2Bt GharIpRnSimgl taneoushy As,the - sect or ed

lens 36 of theype@3erbthR¥ENti RRth the whO¥EVREar i hdToshd i atkovies
conventional lenses to obvi at e any_need for a focussing | ens. For

exanple, 25  thReSREIFEF- 46BF0PEd FBﬁs°9%°¥§ Fargpeh thign et idgeare

required with gji¢eavenii anal céﬁcéﬁﬁh?g sencslb@éw@@ rates déxeendlng
mul ti-sectored lens 36 and the circu honogeni zer rod

Al ter nat Lfel y, oa &bgveattensl of the WBe%s. ngt | EhOHesn lﬁe%%lf’]vﬁth t he

mul ti-sectoreds3Q onel 87StAE. panels in tH8ecOPS GlesSY SE8Bd Q51441 top beam
of Figure la focussed b quad reflector 14 through the top

channel 31 is é@séhﬁF&PVyfPﬁ6¥é8ﬁea§satﬁ%PtEﬁrtfﬁF he purpose of

10 selectively dousing the light. These various color -/
controls are useful in pool lighting, signs, and other
15 applications.

The high efficiency of ‘this illumination system
derives from the special design of a number of its
elements working alone and in combination. When the
electrodeless lamp is not used, the light source 12 is

20 preferably selected to have small arc dimensions so
that it will couple into light guides of relatively
small diameter (preferably 3 mm to 10 mm). The guad-
curved reflector 14 consists of four axially
symmetrical curved halves or portions 16-19, with the

25 light source 12 centered at their matching plane.
This arrangement makes use of the very efficient
collection properties of the low magnification section
of the ellipsoidal (or near ellipsoidal) reflector
shape. A large hole 48 in the center of each of the

30 four reflector portions 16-19 results in a focussed
light beam with a ring-shaped cross section. Light
entering the hole in each reflector portion is not

lost but passes into the opposite reflector portion

12
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ri ght chanpnel 30. The optical systemfor the left beam f ocussed by the
guad refl ect owQa9/618450ugh t he | eft channel 42 can be esseRET/AB?8/08608c
sanme as that described with respect to the right channel 30 or, 5
alternatively, different features nmay be incorporated into the left
channel 42. For exanple, the right channel 30 or the top channel 31
may have a sectopnd is fP§H§58€céﬁﬁﬁdﬁbﬁnﬁe?@hdoﬁ@%%§s¢¢QM¢aEU|dﬁhlsmhlIe

the left charngbtd2 maapleﬁeﬁeuek@lweﬁtﬁyn@éﬁeié\w@ 40rin ?' | ght
guide or multi-light guide b features, Tncluding

conbi nati ons of €KespcEegréon beam WhFth%étéGrMn@ﬁ?ﬁu%hénrtgﬂﬁcth@nnel 30,
the top Ch@ﬂgegaéla%agﬁeEE§rEe§E ghapael ggacﬂnabehe sector

i ncor porated and use channe In 15 vari ous
conbi nati on8. A&éhﬁﬁgnéﬁlyFlG@ﬁﬁlﬁétlons of these features may be

used mﬁth t he bOttO"FEng@eb %ﬁows seI@? Poggggﬁgﬁagﬂglfﬁé?'Zpéﬁgygnmﬁth

a focussing |l ens c and w thou mrr ment
of Figure Ib, thefftbasghag-refidessorol4Figdieating@Ohow theusteg~-|ight from

t he second refleghgﬁegogghgn567lgo ener Ege C@%gu%fﬁ%?gg%gggdgg mrg 28c.

The focussing le USEd Thst e ron to, any
of t he foIdharenor$h24da2&anednde2ubr|porheonl@ht;sleépresentedand

top_channehs 30. p92c-808 RhcchEABSCLEVBLYcROeq LRESUAI DG 10 des an

par anet er s: ccor I Mén gure 1b, which
preferably |nplehembgealsetamoﬂoeeLerr] el ectrodel ess | anp, the fold
mrrors of the Figurgsl%e%%nghgggaghogigure 3, the ring-shaped beam
— impinges on the sector lens 36 as well, and it can be
seen that the outer boundary 54 of the beam 50 and the
15 inner boundary 56 thereof, define the lens aperture in
the radial direction. The ring beam thus very
usefully limits the required lens aperture and permits
lenses of relatively short focal length to be used.
This ability to use short focal length lenses permits
20 much more efficient coupling into small diameter light
guides, thus unexpectedly increasing the efficiency of
the system. The minimum light guide diameter is
controlled by the need to match the output beam
divergence to the numerical aperture of the light
25 guide.

Another feature of the present invention is the
orientation of the light source 12. As illustrated
particularly in Figure 2, the light source 12 is shown
at the focal point of the quad reflector 14. The long

30 dimension of the arc discharge of the light source 12
is oriented so as to be substantially parallel and
coincident with a reflector symmetry axis, which

passes through the light source 12 and which is

13



are not used and light fromthe four reflector 30 portions 16-19 is

focussed dir ¢ do¥i1e48t © honogeni zer rods and, subsequenteetmsoffisssed
into either |lenses or segnent ed | enses. Ref erring

again to Figure la, a rotating color wheel 46 is disposed at the exit
of the honobgeni zer rod 28 or, alternatively, in front of the sector
| ens 36. pd¥gdndivnrnt afo WiselpaAfe ain tihd homagemez@r ikod 5 exit,

the color of the Jight to all. of the l.i.ght , yides is . the sa and
changes si nul té?ﬁ‘dlfg‘?‘% aso et outpu ht, guides diafeter A %ﬁééﬁbfear t he
entrance to desited sactgst efipl3Tatitescol o Helsd gpabrl kglinagui de are

different and can change at different rates depending 10 __. on the pattern
of the wheel. 4198% Qﬁa4ﬁ1wéiﬁ % in geneggl provide gEfigient in the

color wheed to dwugliaK,to largd® Itii@itelpn ildeRcipreridsdatibuhiperienlt he
pur pose of sel ecti velel dousi n th% i qht. These variqus col or
control s are usHSAtY%E RfoIths Slhatq t4i06ks 1sakeotRBe ©5 Llarggpiications.

| Thechih e fdngd 180y Mifbdrhi S Tinl kt@ palisent3ySbeBferred derives
fromthe special design of a nunber of its . el ements wor ki ng al one and
i n conbi nati on.STRRSHLIGRE, the Qutput dddibds guidep crsengiametgr ife |ight

source 12 is 2GomiH£f18F afe/ el 2GR .t 0 Thae 1978kl ddbmedbleRgI ONS SO
that it will couple into Iight guides of relatively smal | di anmeter

(preferabty 3 megW oed hfcausmehfuddgh output power of the light

source may burn smaller light guides. Additionally,

the sector lens of the present invention, which

obviates any need for a focussing lens, has an

aspheric shape that can be specified using standard
15 optical equations.

Although six equal lens sectors 38 are illustrated
in Figure 4, the sector lens 36 can have as few as two
and up to about twelve or more sectors. Also, the
sectors need not be equal in area, since in some

20 applications it may be desirable to deliver different
amounts of light to different locations. The sector
lens as a means of splitting the incident beam has a
major advantage over currently used bundled light
guides in that the sector lens array separates the

25 light guides from each other (Figures 3 and 4),
thereby permitting easy installation and removal of
individual light guides.

As previously mentioned, the fold reflectors 24,
24a, and 24b may serve a multiple function of both

30 fold mirror and heat rejecting mirror. As a fold
mirror, they may be used with or without a hot light
source 12, and provide the ability of rotating the

entire output optical system around mechanical axes 64

14
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curved reflectaor 14 consists of four axially symetrical curved

hal ves or porwiomsi1M8-19, wth the 25 | i ght source 12 cent RGIAUSHB/OBGIBI r

mat chi ng pl ane. This arrangenent nekes use of the very efficient

col l ection properties of the | ow magnification section of the

el lipsoidal (or near ellipsoidal) reflector shape. A large hole 48 in
the center of ea®dhdof4@heasobest {EWH cin XTI § or'%hll% Bepteeg) S in a

focussed |y 8by @@@ﬁw 1R & 160hghaRed of 0S81ISeCid Pin Li ght

entering the hole I'h eac l'ector portion is not | ost but passes

into the opposi teosttiening bbﬁltdbhec‘:lon in which the light guides 12
and is focussed Lplp %hfrérﬁceﬁlg GOLUSSeFh REAM Y Srotatidifld e

ar r angenent eff|C|en enerates a ring Cr oss- sectlon(gean1mh|ch is
very useful5in rédlldlmgrrors 2heandd? 4a, alf)@rt%%nple@umtecﬁxﬁh@acmldﬁ t he

t I i
fﬁ?oﬁéh t he r?3a§§por (E%QHEESé%¥C lzd% OVl g%?&%:%ggﬂﬁdé% |ng ﬂ%ﬁ/the

ring- shapedf beahpsd 139@9n9uaded10d¢mn¢mng shaped beam 50,

L o1 1, o ke, SOl eE POLA BA9G, o8 PRI B Gondn e

As best shown i nré&dgBe(38s weblraaghsma@emlbeanxods 28a, 28b, and 28c)

10 is used to integrate the angular distribution of the
light around the rod axis 66. This is advantageous
since it allows the light output of each light guide
to be identical (which is usually desired), because
the angular light distribution from the light source

15 12 is not generally uniform. Additionally, a metal-
halide type of arc lamp, which may be used as the
illumination source, typically has some color
differences in the angular distribution which also
need to be integrated out in order to avoid

20 undesirable color differences in output between light
guides. B field lens 32, for example, is preferably
employed on each of the homogenizer rod ends to
constrain the light inside the rod so that it is
totally reflected internally. Mechanically, the field

25 lens portion 32 of the homogenizer rod 28 is larger in
diameter than the rod section itself in order to
provide a loss-free means of mounting the homogenizer
rod 28. Anything touching the homogenizer rod surface
will bleed off some of the internally reflected light

30 unless the rod is clad, which is a disadvantageous
approach since it reduces its numerical aperture and

increases its cost. Each homogenizer rod may be

15



I mpi nges on the sector lens 36 as well, and it can be seen that the
out er boundayp 994193k t he beam 50 and the 15 I nner boundarpc-s,@@msmof
define the lens aperture in the radial direction. The ring beamthus
very usefully Iimts the required | ens aperture and permts

| enses of relatively short focal |length to be used. This ability to
use short focabobeagthltbnae$owemnﬂés ﬁ@terlahphaaawfdfﬁdit&Eﬁﬁecoupling
into smal l dlane er, gg g t hus Fnexpectedly i ncreasing the
ef fi ci ency of s9&t ERe ﬁ%sﬁ?ﬁ MIRFT PR gui de diameter is
controlled by the mhedlhdlﬂmduhltmensu39utobea38 (Figurk VY gsomerise t he
nuneri cal aperture. of Anot er feature of
the present infehfiay ﬁ?nfhagsgem tB?Feﬁ?ﬁ??%ﬁ Praqe g ‘#
illustrated of thar hbmobanhiyernrédgoneo2thé hlalc_i;mghjuﬁdwr;s@rt:ll |Théh0\/\ﬂ
at the focal glnt of the quad éeflectog 14. The | on 0, di nensi on of
the arc di schar§BSofSEhB P YAY SBUFCBSHRISLLIC OTjJnyp 1 hPRRS (1 be

substantial |y padatkebhbapdations aﬂanszhldﬁmew;bffu@ér&w ey SyEmetry axi s,

whi ch passes thrgugh the light source éﬁ d which is
13 prefgraBLlKdPLYPar 2t BRERENPAYSUT vitEh Higy et deam
printed. Smalfsogbpubskiiobh gHEde1gt apB4Lrsubfalsdiadt Yrhe lens

10 sector. This allows the soft core of the usual type

of light guide to "wet” the lens surface, thereby
reducing reflection losses at this interface. 1In \
another embodiment of the present invention, the light -
guides 40 and the lens sector 38 surfaces may be

15 spaced, such that a so-called "air gap" is disposed
therebetween.

The quad-curved reflector 14 illustrated in Figure
la may be expanded or reduced to add more or less
curved reflectors. For example, three curved

20 reflectors or eight curved reflectors may be embodied,
instead of four curved reflectors. The number of
curved reflectors (ports) will be dependent upon the
particular system requirements. Each curved
reflector, corresponding to a port, is independent of

25 the other ports and, accordingly, can be coupled to
one or several homogenizer rods or light guides. The
largest number of curved reflectors, or ports, will
often be determined by the size limitations of the
focussing optics, such as the focussing lenses, for

30 example.

Reflectors, such as the quad-curved reflector 14,
used to collect light from a light source 12 and

launch the light into light guides, are inefficient

16
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desired in nost, applications. A design for a small i ght guide wll
al so in generwOpwssde efficient 5 coupling to larger |i (ROT/GRIBIGOS

provi ded t he nuneri cal aperture of the larger fiber is the sane or
| ar ger than the snmaller fiber. 1In the presently preferred
enbodi nent, the output |ight guide core dianeter is nom nal ly one

hal f inch. Thi f3eaEking detkrinairies descqdibesd bye dhes étemslus gh out put

pover of the |igfyariant SOWHE dEBAAUY S TRIdrendd AMvadiaifS is a
Addi tionally, the sector lens of the present invention, which

obvi ates any neethandrity fof s Nerp Iehslidtds et is amdgivanianghape t hat
can be specifi e%lﬁ%d@l g%?%%ﬁ sys%' Ca{lheecé!t%td can, be defifldd0ugh

si x equal |ens sectors _ strat ed . In Figure 4, the sector
| ens 36 carP havelmssgwarak different wayp whiah abek bewsliscenmearhy

sectors. Al so, e contex%.:cgﬂ{gsefra%ﬁglé% %i‘:ﬁcl%g)lr\i: ;les‘r'ﬂ‘ﬁo%aseo?id}xcerg!r}}[}uﬁ?ge

20 applications it may to deliver ent
of light to diffefenightocktdrores.fadhistmsttorobject suritenabing meamnglfe

splitting the ingi t_.beam | or over ryently used
bundl ed |i ght ot dfég;ua}%eagrgllm%r (He Sec eorofl%\r%?lélrasrgéy sg})cacfoa Jelgl he 25
| i ght gui des fr dmo adoh meteerid Fi appesxi3nanicony) ,the étencher ey degratidd i ng

casy LSt g2t o 0 TPl oot AELPRLS G MY, g S
a multiple functompnicdl bopdtdh), and alfl theroramnchdiedtsrmjcacitdmg 46 rror.
Source 12, and privieRet HEt AT |19 O AR T o Al A st

opti cal system astodinchrecimidred, axes Gdhe étendue quantity is

14 invariant through the system.

15 The square of this quantity Ba is 6%a?. This
squared quantity is also invariant through the system
and is often referred to as the three dimensional
étendue. This three dimensional form of the étendue
is useful because it is proportional to the power flow

20 through the system.

In non-imaging applications (including fiber optic
and light guide illuminators) the paraxial
approximation is not wvalid and the more general
definition of étendue must be used. This more general

25 definition is stated in terms of small displacements
of a ray of light propagating from a point P(x,y,z) in
an input medium of index n to a point P'(x',y',z'} in
an output medium of index n'. The direction cosine at
point P is indicated as (L,M,N) and the direction

30 cosine at point P' is indicated as (L',M',N'). Small
displacements of the ray of light at point P are
indicated by dx and dy with corresponding changes dx

and dy' at point P' and, similarly, small changes in
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and 64a, as best shown in Figure la. This feature is very useful in
al | owi ng grewio dolgedgsbi ity in posi tioning the direction pcressdsed he
| i ght gui des energe fromthe unit. |Independent rotation of the 5
fold mrrors 24 and 24a, for exanple, on either side of the Iight
source 12 provides additional flexibility of output |ight guide

| ocati on. the diAsdiaisar ideed nehowee tiheiepkieddbivcal., hampgant zer

otearat o the AR o A FHeH P ng 28ns MR THELade anbRElRER i o

66. This is adw&ﬂkagﬂﬁuﬂu¢>1s divieee biyt: ‘al | ows the |ight output of each
| i ght gui de to be identical (which is usually desired), because
the angular light distribution fromthe |ight source 15 12 is not

general ly uniform Addid’t aiell Qy! &r/mamMal= n?2 dx dfaldidamt ype of arc | anp,

whi ch may be used as the iIlum nation source, typically has sone

col or differences in the angul ar distribution which also need
to be integrat gtheddl Ii An@l d«ercotx&e%p@hd 20 theuRdesttabhecs9inesdibferences
i n out put betmeen l'i ght guides. Afield lens 32, for exanple, is
preferably theg ey @ﬁ‘eéacﬁeéi’ef’ﬁévﬁébfngem zer rod ends to
constrain the |ightadnsjidey e o @@seatt Bt the ESrst derigialby &eflected
internally. Mechanically, the field 25 | ens gortlon 32 of the
honogeni zer ro@t2@due |GVgey abeve, it gpAnBEcACEAERiRAG FhAtsEkeion itsel f

inorder to  grendhAViide BdRITibnee WBanss af2emRURLIY RS hREDGEN Zer

10 the numerical aperture. In this result constant

factors are dropped and the refractive index is -/

assumed to be identical at both points. The general
definition allows one to compute the étendue for
arbitrary situations if the integrals can be

15 evaluated.

As stated supra, the use of reflectors to collect
light from a noncoherent source and launch it into
light guides is inefficient, according to fundamental
principles described by the étendue invariant. A

20 reflector is typically in close proximity to a light
source, with the light source generally being
positioned at a focal point, and the reflector
subtends a large solid angle resulting in a large
value for the étendue invariant. In contrast, a light

25 - guide has a relatively small opening (core diameter),
with a limited numerical aperture, resulting in a
relatively small value for the étendue invariant.

A spherical array or spherical shell of lenses,
on the other hand, is ideal for collecting light from

30 a noncoherent light source, since substantially all of

the light, ignoring absorption, scattering etc., can
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rod 28. Anything touching the honogeni zer rod surface will bleed off
sone of the iwo#96t945y reflected |ight 30 unl ess the rod i SPCIGIYS/08EBCh

i s a di sadvant ageous approach since it reduces its nunerical aperture
and i ncreases its cost. Each honogeni zer rod may be
15 coated with a lowindex material, according to one

enbodi nent of t e @wadda@nteadaaet iddrected to an T ayn@ifvildghlt peddesect or s
38 (Figure 4) CoithiGmore, thd YUY JERS sﬁl%tx%.@atlh@rra?ug '>é h@i&%%lt he

output end 5 of the honogeni zer rod onto the |i gui

| ens sectors nayhedde ofspienseas 6ris mmmnc,t g’lﬂré‘—;beé; PrlnClpﬂ@@u@é
aberrations andg e ef ehgha

t hi ckness such t atcgﬁ% oJ%%ufﬁﬁﬁégﬁéy%%sa gﬁggeélgn ?hﬁlgféﬁqfﬁar

surface of & he ligvwslul® thes@otzcﬂ andTsihapel Immmalé@mn@@u@nofsommeusua!
type of 1i ght Q}Lgh%%.zte Hlu:&e*}%ael”%p%‘iftuar%ﬁ’of”% e?iﬁem Ofre‘j“c' ng

reflection Iosses at htoer t he
present inventi guiddwe | T variablgs des:ldﬁieartdhet menbens ofediense3f

her chetween, - vnien RN the MipPar Attty sl 2k PR H gur e
lens powers. The design is constralned first by the

10 image size, which is determined by the size of the
light guide core. Therefore, the light guide size
fixes the magnification. With a given magnification,
the maximum lens size is constrained by the light
guide numerical aperture. This in turn determines the

15 minimum number of lenses (and light guides) that can
be used. A larger number of smaller lenses can always
be used, because the angular extent of the light will
then be less than the light guide numerical aperture.

Figures 5 and 6 illustrate a configuration where a

20 light source 12 is substantially surrounded by a heat-
containment barrier 80 and a sphere of lenses,
according to the presently preferred embodiment. The
light source 12 is surrounded by a wire cage 81, which
forms a microwave cavity. A motor (not shown)

25 disposed within a microwave source 83 rotates the
light source 12 about a vertical axis, to thereby
facilitate a uniform plasma. The motor, the wire cage
81, the microwave source 83, and a flat reflector (not
shown), disposed between the wire cage 81 and

30 microwave source 83, can be obtained, for example,
from Fusion Lighting of Baltimore, M.D., as previously
mentioned in connection with the Solar 1000™ sulfur

lamp. According to the present invention, a curved

19



| a may be expanded or reduced to add nore or |ess curved reflectors.
For exanpl e, urved 20 reflectors or eight curved regkk SqRTRY
be enbodied,“&nbgﬂufnstead of four curved reflectors. The nuﬁ%@?@% 8508
curved reflectors (ports) will be dependent upon the particul ar
systemrequi renents. Each curved reflector, corresponding to a port,

i s i ndependent sefni2BpheribglotbetoppéfSedtidk &8 Ci HdHNtagadudIey coupl ed to
one or several hogogeni er rogs or %ight gy%des. E@g , | ar gest number
of curved refl BEEBr M Bragsr PS5, the| F13t reliRqtrr pihih it ¥ he si ze
limtations of ptBeided witRCHEE H818Pt1080™SpPebdast | herhocsssvag | enses,

for 30 exanpl e. Refl ectors, such as the quad-curved refl ector
14, usedr?6r€§FF§$?CFP§h§5f?@ﬁ?a?fftﬁ&eQﬁﬁN(ﬁ?QBF%ﬁﬁP light | qunch the
light intg |ightofiUtHES1ighe bB8EEECI2Ndenerally back through the

16 according to principles descrl%ed by the etendue

i nvari ant. The}éPBnHQHaBP.E%@r ﬂ§%5$h%%rl%ﬁﬁe§55§x quantity of a beam
of light that is ap LBM8EEANLer rod!§if OLYN A0 ORIHIGA ciySilNt o ey &t endue
can be defined 5 in several different ways whi ch nust be di scerned by

the context. TRecypapnesiensafifitiBeeiRumReePbhangaenizer giods @t froma
far distant objgctp,subhepdiBgdadr 8t feased to increase or decrease

10 the total number of ports of the system, depending
upon preference. Homogenizer rods may also be
eliminated altogether or replaced in whole or in part
with other light guides. Of course, the maximum
number of homogenizer rods 90 is limited by the number

15 of focussing lenses 76 in the Spherical assembly. As
with all of the embodiments of the present invention,
sector lenses 36 and output light guides 40 (Figure
la), as well as other optical elements and
combinations thereof, may be used with or in place of

20 the homogenizer rods 90. Reflectors, corresponding to
the fold mirrors 24, 24a, and 24b, may be implemented
in these embodiments as well. The curvature of the
curved reflector 85 is generally spherical to focus
the lamp on itself, but may alternatively be computer

25 generated and/or empirically tested to maximize
reflections from the light source 12.

The heat-containment barrier 80 preferably
comprises a truncated spherical shell of glass. Other
materials and shapes other than spherical shapes may

30 be used, however, according to design preferences.

The heat-containment barrier 80 operates as a shield
to protect the focussing lenses 76 from excessive heat

which may be generated by the light source 12. The
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of 2[err].at a circular aperture of radius a. According to the
par axi al apprwoomissn, the etendue is denoted 10 by [ err] a.pCrbsoslogsos

circular aperture is the input to an optical system and if there are
no obstructions to the beamin the system and absorption and
scattering etc. are ignored, then the etendue quantity is

i nvari ant t hroudteatrecoysdioments barrier e aslflidrieonsfl ivhims yuwaompniysd er | r a
is [err]af[err]. . This _. s quan | . [ r.iant through the
system an llésya(s)f‘fle%lertef er r/ecg:dtlo as %%?le Ht]”rsijr%el%% n%\r%%lél%

et endue. Thi s t hrleerabmenisn orradef cronmfotide etdghidienal bldckiugeful because

non- i magi ng. appl R BT E Ry v Fiper pEHEt hR Mg e "
i1l um nat or%) thbgrgga&s_ax’l@lfrom thaphight nedumcre ilsz.no_t valid and the nore
definition is statedth RETHE Crobrt [oH ShIb e ot EotATEE, of
| i ght p_ropagfati rtgan‘f:oem BPpofarti P(tatez)the manufaciudenpft tl‘l‘ﬁldi um of index n
élior chtoimozt cgsi( )r(le'f‘;r;‘fus‘zs21’“5 n]p%r??ﬁs p%]s%{ﬁft%r%gi g%fi‘:l:\ﬁnclil)e%dnot%%dl rection
30 cosine at gpddtid foSussthgaletses 16'ad U¥ed witRldt the heat-
cspl acermep o of e S1e 0! WS 21oF0 (e A By oyl E20 e O and
smal | changes inMenses 75 are likely to be damaged bl/ radiation from
the light source 12. The molded plastic lenses 76,
for example, may melt or become deformed without use
of the heat-containment barrier 80. In an embodiment
15 where the heat-containment barrier 80 is not used, the
focussing lenses are preferably manufactured from
glass, which is relatively heavy, fragile, and
expensive. Plastic focussing lenses 76 are more cost-
effective to manufacture than if they must be
20 fabricated from glass or some other more heat-
resistant material.
Turning to Figure 7, the presently preferred
embodiment of the spherical multiport optical
illuminator 101 is schematically illustrated. The
25 embodiment of Figures 7~14 is similar to the
embodiment of Figures 5 and 6, with transfer lenses
107, 109, 111, 113, 115 and condenser lenses 117 being
substituted for the focussing lenses 76. As with the
focussing lenses 76, molded plastic is the preferred
30 material for the transfer lenses 107, 109, 111, 113,
115 and the condenser lenses 117. The presently
preferred heat-containment barrier 80 (Figure 5)

allows for the substitution of plastic for glass in
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the direction cosines are indicated by dL, dM dL', and dM. Wth

t hese defini ge etendue invariant rel ati onship

nferr] dx[err i Ey %rr] di[err] dMerr] = n[err] dx dy dL dNI§C9§%§Q%ﬁere L
and M correspond to the direction cosines for the x and y axes,
respectively. Applying this result to the first definition of

et endue given @B@VﬁanhEa@@ﬂrEeerEEéntﬁ@ﬂsf@ﬁtléﬁ@és 107 ei@ndue i s
proportional to a[errk5|n err]= alerr] %err wher e i's 10 the

nuneri cal apertéPe. 11PnapfAyery ERE| EORIPRE SR Lenses #h@toréadﬂk“%ropped and

the refraCt'Veclagge.ytOBSsurroun&§5t'HEdliQh@esdn§i€é‘é'P@i afn 4 i points.  The
gener al inition allows one to congéte the etendue for

arbitrary situBimdharifot hbej hiahEaFuEaH qf Figexes vatand 6. As
stated sugra, the gse QEséﬁEh?CéﬂbédiQdCOfé@ftrows of | { Sl s fdom a
noncoherent source and l'aunch™it into i ght guides 1s 1nefficient,
according to f&ﬁﬂéﬁﬁn?aper1e thei hEgbt esoweceribad %@dt4u$Qﬂe%ﬁMR¥

i nvariant. ﬁ@ fra Effla?ci%sé§ ié(p}:)&é‘iﬂ’oﬁé‘dcé&?@e PEXi g to a |ight

source, with t t source genera bei n positioned at a focal
poi nt, and thespetbecﬂBB The §Hb§%n@§a%sf%¥g%e@ﬁﬁ$cﬂQﬂmﬁQ@mFGSUIt|ng in a
| ar ge vakigstoroblie RLeR0Usn s WALASRL: 1ML LOM 6 RFor d | ONL 25
guide has a re |ve y Smal T opening (core dianeter), wth alimted

nurrer i calOaper secendr goul t Fhg Fhind transferatenagty Jsh&alf{onmlajetlfmd t he
et endue |nvar|gg& and the fouétﬁppféﬁgféraié@§é§r1f§ﬂ¥gfﬁmg fg5¥éh(ﬁ

| enses,
row. Top transfer lenses 115 form the top layer of

lenses, and condenser lenses 117 are positioned to

receive light from the transfer lenses. A condenser
15 lens 117 can be coupled to each transfer lens. The

number of condenser lenses 117 may be increased or

decreased to increase or decrease the total number of

ports of the system, depending upon preference. The

maximum number of condenser lenses 117 is limited by
20 the number of transfer lenses.

The first transfer lenses 107, second transfer
lenses 109, third transfer lenses 111, and fourth
transfer lenses 113 are preferably molded together in
lens groups. The side lens group 121 preferably

25 comprises three first transfer lenses 107, three
second transfer lenses 109, three third transfer
lenses 111, and three fourth transfer lenses 113. A
top lens group 123 preferably comprises eight top
transfer lenses 115. Each side lens group 121 and the

30 top lens group 123 is preferably molded of plastic
but, alternatively, glass may be used. As presently
embodied, all five of the side lens groups 121 are

substantially identical in shape, and each side lens
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on the other hand, is ideal for collecting light from 30 a noncoherent

| i ght source, swoemewspstantially all of the |ight, ignorpoguses/ 8608
absorption, scattering etc., can 18

be collected and directed to an array of |ight guides. Furt her nore,
the use of a spherical array or spherical shell of lenses is

consi stent with t@soppi AéipFan be securedchetieceTheweoptheni nidei hens
parti cul ar applicg%58E55121 i nclude the size and shape of the illum nation
sour ce, and € Size and nunerical aperture of the |ight gui des.
The vari abl es i ncl udeAsheanuhbeseefr LienEégyure 8, bhéctopelensi gesuphd23

nunber of |ight gutdes;. h I S S| | st kai ned
Firat by the 1o Hefr&aiBRELY Ereriap; ERS PEVEL SerdiiCedfll Hlaes FO7TGE
| i ght gui de Bore. e3bbrefideelenhegkoyght 18li deThezarrow AlfixeBighee 7

magni fication. Wt Lyen gnification péh maxi rum | ens size is
constrai ned by théEFﬁagfa 858 Sa?aég%ﬁn%%ch °% ?Eﬁfewh*%'s in turn
determ nes the 15facthilhicabssnthbeesoépéenfekedtindehéghtedubyeshet haghtan

be el )2 ger JBAIBE! 165 STEAL SF. LPISEREhe BN Sunent, | BESBEE, (e

l'ight guide nunerieak gpeupule3 may be seakeguortoSthadfbrst!|tsanatera

conf i gurati pg whete, a 20,07 | LaNt, 3ouLCE A2 Lo, 3UPStaqtiaLhy, sgrLounded by
closed structure. 1In both air flow embodiments, air
preferably circulates both inside the heat containment
barrier 80 and also between the heat containment
barrier 80 and thé transfer lenses. The light source

15 103 is preferably placed at a focal point of all of
the transfer lenses 107, 109, 111, 113, 115, and
condenser lenses 117.

As shown in Figure 9, the focal point 130 of a

first transfer lens 107 and a focal point 133 of a

20 second transfer lens 109 are both evenly positioned
relative to the light source 103 when the lenses are
properly secured. Similarly, a focal point 135 of a
third transfer lens 111 and a focal point 137 of a
fourth transfer lens 113 are evenly positioned about

25 the light source 103 when the third transfer lens 111
and the fourth transfer lens 113 are properly
positioned.

Figure 10 illustrates a cross-sectional view of a

side lens group 121 and a side-elevational view of

30 another side lens group 121. Figure 10 also
illustrates a cross-sectional view of the top lens
group 123. Figure lla illustrates a side~-elevational

view of a first transfer lens 107, and Figure 11lb
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contai nment barrier 80 and a sphere of |enses, according to the

presently pred 89, "&%g enbodi nent. The Ilght source 12 |§, é?“ﬂﬂfd by
a wWre cage 81, forms a microwave cavity. A notor (no own)
25 di sposed within a m crowave source 83 rotates the | i ght source
12 about a vertical axis, to thereby facilitate a uniform plasma. The
nmotor, the wirgl Gadtrates a &hdd-ea datiGmme vieu o¢ 83sedbdqa flat

refl ect or (not sholﬁ% di spased betmeen the wire cage 81 and 30

mi crowave sourd@mEferdense i ai dd@uaeorl lexddpngtrates af pdderusi on

Lighting of BalitdvEdi®nal Qmevﬁ%@rae%'lﬁlﬁi ¥ransferM@Bhk0ongd i gngonnection
with the Sol ar 10000[err] sul f |.anp. According to fhe pr esent
i nvention, a durdnge 11d 1llustrates a side-elevationalgiew of a

seni - Sphey i caledfip il Sehomn B85 '1%3adVQ"E%aQ%‘EE§| ¥urfacesUsedth8 place of
the flat reflector which is normall provided wth the Sol ar

Yy
1000[ err] produransfemdenfaged 07, 1f353rret1r3l(34réf1I3@:cPBFi 865ndBre efficiently

redirects |ighHrefRraplly YRR Itlogfat c%%rtca%tlzaa@{lgrﬁkbm Qﬁsklagﬁeugh the
| anp toward the focu33| ng | énses 76 honogeni zer

preferably cousiugfe dOaciwhen thef d@@s‘?ﬂsnéoﬂenéo% 11Tnelhdmbandof
hoTRSeTL ) O Bhe pet I shRERCRS o destatagiage, | gsse o
10 inner surfaces of the lenses 107, 109, 111, 113, and
115, however, are preferably aspherically shaped.
Figure lle illustrates a cross-sectional view of a o
condenser lens 117. Each of the transfer lenses 107, KJ
109, 111, 113, and 115 are adapted for transferring
15 light from the light source 103 onto a corresponding
condenser lens 117. The condenser lenses 117, in
turn, focus light onto corresponding light guides (not
shown). When an électrodeless lamp is used, the light
guides preferably comprise fibers which are rated for
20 the proper lumen output. For high-lumen output cases
where the heat-containment barrier is omitted, for
example, the fibers may comprise a non-plastic -
material such as bundled glass fibers. As shown in
Figure 12, light impinging onto a second transfer lens
25 109, for example, is focussed onto the condenser lens
117'. Light passing through the condenser lens 117' is
condensed for imaging onto a light guide.
Figures 13 and 14 illustrate three dimensional
plots of light intensity over a surface area of an
30 input end of a light guide. The plot of light
intensity versus area of Figure 13 corresponds to the
embodiment of Figures 7-9 which uses condenser lenses

117. The plot of Figure 14, which illustrates a
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upon preference.. Honobgeni zer rods may al so be el i m nated al t oget her
or replaced i nwaheskea943r i n part with other |ight guides. f&T/0898/08608

t he maxi num nunber of honogeni zer rods 90 is limted by the nunber 15
of focussing lenses 76 in the spherical assenbly.  As with all of the
enbodi nents of the present invention, sector |l enses 36 and out put

| i ght guides 40 (WElqkigrely consd)stead wHlsltradudtioar odptlighlt evererhs and

combi nati ons t her us | i ace _of 20 t onogeni zer
rods 90. Reflectsggsf,adcgg?ér%s or?gjﬁrrf\ggsﬁ%n%rs £ f.%k‘? FB‘%&‘%F\’EP& 5%5{]19?14: . and

24b, may be inpl éifenisachg a conderseesdemsbddi7rents as well. The curvature
of the curved reflect.or .85.i s generally spheri.cal .to faocus t he
| amp on itsel f, but r'@f AFE T WVel nﬁé‘s%&ﬁ%ufiéts%f%%utlﬁélné’rfatlé@h&nd/or

enpirical ly & est evetro thexismirface arear effl etlel dnpuftr emdt be Ithghtl igduwr ce 12.
The heat -cont ai nnent, barrier 80 pref.erabl . conprises_ a truncated
spherical shell &igiasdr %ﬁ % erally r?&t){"grlibéll%da%(? §h§pé§‘aé‘teh€rf then
spherical shapes coaelBer lemsesedl7Nawerach agCcehdi fgahe rédeSil@nses

pr ef er ences. Th eat. - cont.ai_nnment g rrier 80 operates as a shield
to protect the f(ilé)JssielrﬂJ ’ érjrgéstl 'f PO iée§§i vEefezpbly confiigugegay be
generated by the tdd gifansmirc@anl2ppHd&imately equal amount of light 20
10 from the light source 103 onto a corresponding
condenser lens 117'. The condenser lenses 117' differ

in shape, as compared to the condenser lens 117 of
Figure lle. More particularly, each of the presently
preferred condenser lenses 117' has an indentation in

15 the center that facilitates a relatively consistent
distribution of light over the surface area of the
input end of the light guide.

Although the transfer lenses 107, 109, 111, 113
and 115 preferably comprise pentagon shapes having

20 five edges each, with the exception of the very top
transfer lens of the top lens group 123, the transfer
lenses of the present invention may comprise virtually
any shape. The shapes of these transfer lenses may
comprise trapezoids (including squares), triangles,

25 pentagons, hexagons, combinations of shapes, or
arbitrarily undefined shapes which happen to fit
together on the surface of a sphere. Generally, none
of theses shapes will be regular in that they will not
have equal length sides, but the present invention is

30 intended to cover embodiments using regqularly shaped
lenses, as well. All, some, or none of the lenses may
be the same size, according to the present invention.

The pentagon-shaped lenses of the present invention
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heat - contai nnent barrier 80 additionally may conprise ultra-violet

and/ or | nfr bgcki ng coati ngs thereon, in order to
addi ti onal gi?ng’c capabilities and to- furt her pr ot ectﬂgﬁee{ 9?ocusm ng

5 | enses 76 fromthe |ight source 12. The protection afforded
by the heat-contai nnment barrier 80 facilitates the manufacture of the

focussi ng | ensgse 76a{ ¥ Dpn et Slerh Pl @ tdrapd,l aH d@ds racilligghklc focussing
| enses 76 are used W|thout the heat - 10 contai nnent barrier 80, the

mol ded pl asti CIRIBHRPE 1ight dridds mimigum angaler: digergsreged by

radi ation frC"HowevertrﬁtﬂéﬁﬂﬁoﬂﬁﬁﬁdﬂiakzaéTm%lqohgeélﬁhﬁihkclEﬁQé@s 76,
for exanple, may nelt or beconme deformed without use

heat - cont ai nmeMY Rf r18d FLCIGdigw dfbddienPresent l\VW’T@Péane
heat - contaai nmeNi+ RAIGH eihe,gcbfessé}ﬂ}' Mtltol?xe 1ncorpo&9€@§sbn ?Hﬁﬂges are

preferably manufactured from | ass, which is relative vy,
fragile, and well- @Mﬁd\@h@%starw PeceTbilyg ofeAsases6parsinbily cost -

effective to rgyugéﬁﬁlgf%fﬁ“ﬁhfﬁo&ﬂ&iﬁ Sﬁl@%tzgourcgaﬂéycﬁéed from gl ass

or sone other nore heat- resi stant nateri Turning to
Figure 7, the imrlsamantedyeferred enbodi rrent of the spherical

rrultlpart opti cal - 1O illustrated. The
25 enbodi nment oAfltFelrgnuérﬂes‘}H?}}IZ&{)sthsjel ]fdrélggg%%n%&b%gk%d nbodi ment of

Fi gur es 1 and @nsinurtimsitdre [tawdefer lenseg7andogondenser1lenses and
condenser |enses, Y/ AQING of mol tb'lto‘éfk dgfrol_gewgof]gcggﬁbggehenses 76.

As with the focussing | enses astic 1s the preferred 30
materi al for timta rarsingld amsids P(f?elmgr 33133581923 plasticl15Thad t he

condenser | en%gjsnell:lj alTh.peaq_r Qﬁiﬂtlle\f: may alBb e%gr B?glﬁgét ﬁggt ai nnent

barrier 80 (Fi for “the substitution o plastlcfor
glass in sections, if desired, and be included in these

15 modules.

Figure 15 is a schematic top view of a parabolic
reflector optical system 172, according to a second
preferred embodiment. As distihguished from
elliptical reflectors which focus light in a direction

20 away from the light source, parabolic reflectors are
adapted to collimate light in a direction away from
the light source. Light is collimated from the light
source 12 in a direction toward the transfer lenses
177 and condenser lenses 178. The transfer lenses 177

25 and condenser lenses 178 of Figure 15 are similar to
the transfer lenses 107, 109, 111, 113, 115 and
condenser lenses 117 of Figures 7-14 in construction,
arrangement, etc. Alternatively, focussing lenses 76,
such as shown in Figures 5 and 6, for example, may be

30 used in place of the transfer lenses 177 and condenser
lenses 178. The transfer lenses 177 and condenser
lenses 178 preferably comprise molded plastic, but

other materials such as glass may be used.
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21 | . the manufacture of the transfer |enses 107, 109, 111,

113, 115 and/ wos%er94sondenser | enses 117. A wre cage 1BSI/ESA808608ds
the light source 103, which is simlar to the light source 12 of
Figures 5 and 6. 5 As presently enbodi ed, four rows of transfer
| enses encircle the |light source 103, and a top | ayer of transfer

| enses i s positiAsbt Akl ¥ het Ihgafi—containgpnte Pamrier My B9 st transfer

| enses 107 form  sposed fhdBledPVhnd e HHRC YBLAIANSS @ind &IReH1HAR form a 10
second row, the third transfer |l enses 111 forma third row, and the

fourth transfer Yxaneten 1easpn b/t ot tan alternagive repadimestler | enses
115 formthe top | aygfg@fe 16 i iﬂ%ef% %&@M{N@%&%ﬂ &f

positioned to receive light fromthe transfer lenses. A condenser 15
| ens 117 can be thriptenfioueairn rehfFfiguiens . The of theumasaksilic

condenser | eme%%ﬂ%ﬁzﬁﬁ]ﬁé‘%?%% xS t%réje&ﬁﬁm QA Y18ARER O

decrease the tota e system depending upon
preference. Thetogethemximanbamitreyodfadonthsivican | e Might sduntig ed by

o monrer £ AMEICLEINES cor oL 08 dgANEl anes 107
transfer |enses ddBabokipreé¢Eiattor Nl ded Thyettmrsfier lensdsens/ hrangs.
The oL de 0o ITE dodabhsle Phlded7s SOPISEES 18RS WY PrddRPSder
one or both of the two output ends 185, 188 of the
dual parabolic reflector 181. Alternatively,
~ focussing lenses 76, such as shown in Figures 5 and 6,
for example, may be used in place of the transfer
15 lenses 177 and condenser lenses 178. The light source
may comprise a Solar 1000™ sulfur lamp or,
alternatively, may comprise a double-ended metal
halide lamp 190, such as illustrated in Figure 16 and
disclosed in co-pending U.S. Application Serial No.
20 08/ , filed on March 4, 1997 and entitled
MULTIPORT ILLUMINATOR FOR LIGHT GUIDES. Brackets 193,
197 are used to hold the double~ended metal halide
lamp 190 to the dual parabolic reflector 181.
Although exemplary embodiments of the invention
25 have been shown and described, many other changes,
modifications and substitutions, in addition to those
set forth in the above paragraphs, may be made by one
having ordinary skill in the art without necessarily

departing from the spirit and scope of this invention.
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second transfer lenses 109, three third transfer | enses 111, and
three fourtRybogepher | enses 113. A top | ens group 123pEFeémRkeésY

conprises eight top transfer |lenses 115. Each side |lens group 121 and

t he 30 top lens group 123 is preferably nol ded of plastic . -—-but,
alternatively, glass may be used. As presently - “enbodi ed\mﬂgmfive of
S *

tegghSis?gel Fgﬁsgroups 121 are subst an;i ally i E\“‘“\m‘“““‘ , and
i ns

group
121 can be secured between two ot her * @rohps"lZl.
As can be seen in Figure 8, the top lens group 123 - may slightly
overlap the first transfer,|enses, 107, of 5 .each side |l ens group 121.
The arrow Al in Fijure # 1ight guiqeiluminatioasisyistedir 1 ow path, which
facilitates th@oﬁgggggn@f heat generated by the |ight source 103. In
an alternative enbodi pent, the top | ens group 123 may be seal ed onto
the first transferdnotllunipakion @ourgs adartes toe elititc Jiighdd within the

closed structure. 3 ncbotig@ddt{dovw iy Sendes disposkidehabahldy
circulates both inside the heat contai nnent barrier 80 and al so

bet ween the hellie chhtWninghion sourqey [agh &F 4H¢ dREusiagsdensesnses. The
light source 1§eing ldGapSedresd efcdily dniaaed ati ghtl ¥edm Relent of all of

illumination source in a generally radially outwardly
direction from the illumination source; and

a heat-containment barrier disposed between the

10 illumination source and the configuration of focussing
lenses.

2. The optical fiber illumination system as
recited in Claim 1, the configuration of focussing
lenses comprising plastic.

3. The light guide illumination system as
recited in Claim 1, the configuration of focussing
lenses comprising molded plastic.

4, The light guide illumination system as

recited in Claim 1, the configuration of focusing
lenses comprising a spherical structure of focusing
lenses disposed around the illumination source, and
S the heat-containment barrier comprising a
spherical structure disposed around the illumination
source between the illumination source and the

configuration of focusing lenses.
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t he transfer |enses 107, 109, 111, 113, 115, and condenser | enses
117. wo/siaWn i n Fi gﬂm“mmmummﬁmtom nt 130 of a PCT/US98/0B60St
transfer lens 107 and a focal second transfer |ens 109
are both evenly positioned rélative to the | i ght source 103 when the

| enses are properly secured. Simlarly, a focal point 135 of a
third transfer |ens 511 dihe digitaloyisientilizmigation systiegu@sh transfer

|l ens 113 are ev Iﬂﬁglt Qe fabput, | u when t he
third transfer ﬁ%%é’ll i gﬁdpthe 5ﬁ?f%Q?P§ﬁS?%e %é%%%f%%éére properly

posi ti oned. comprifingrglagsi | | ustrates a cross-sectional view of a
side lens group 121 and a side-el evational view of 30 anot her side | ens
group 121. Figure 10 al so illustrates a cross-sectional view of the
top Iens groupp.123. Tu‘é glﬂrgshtllga.liidd dsltlnmie@té,osﬁ ceselegy @tsi onal

view of a first rterc.a’rthcfr e(f.isaljrgﬂ dﬁ li'fm%. Jaﬁ: on so ce comprising

23 Tst¥at s eva Fonal Vi ew of & Secen

transfer |lens 109.sulHwurlandc iIIustrates a side- el evational view
of athird transfer lens 111, and Figure 11d illustrates a

si de-el evational viewof a 5 fourth transfer lens 113. The outer
surfaces of the 7. The light guide illumination system as

recited in Claim 1, further comprising a plurality of
homogenizer rods, each of the focusing lenses being
adapted to focus light into a corresponding one of the

~ 5 plurality of homogenizer rods.

8. The light guide illumination system as
recited in Claim 7, each of the focusing lenses

comprising a transfer lens.

9. The light guide illumination system as
recited in Claim 8, further comprising a plurality of
condenser lenses, each of the plurality of transfer
lenses being adapted for focussing light into a

5 corresponding condenser lens.

10. A spherical light guide illumination system,
comprising:

an illumination source having a proximal portion,
a distal portion, and an intermediate portion between

5 the proximal portion and the distal portion;

a curved reflector disposed near the proximal
portion of the illumination source;

a heat-containment barrier disposed generally

around the distal portion of the illumination source
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transfer |enses 107, 109, ﬁm"[lmm E ﬂ ililf'hare preferably shaped to a
constant ra the Ii E M 03, when the len 46570860809
111, 113, aﬁ‘gb%fdﬂﬁnw are posidi ane the |ight sourceﬁﬁglg Qml'ﬁle 10

i nner surfaces of the |enses 107, 109, 111, 113, and 115, however,

are preferably aspherically shaped. Figure 1le illustrates a

Cross-segbi onahndi EWeOinBermedi&§08USHEEIoh €HF HHe - 11 Rasithsfidhe transfer
| enses 107, 109, 111, 113, and 115 are adapted for transferring 15

light fromtheSPPER®?source 103 onto a corresponding condenser. | ens

117. The condenseg E€ﬂ§e§pﬂéflcéﬂ arraytéEonéﬂgiﬁﬁ|léHHeé”H£b osed
correspondi ng |ight ?U|des Wien an electrodeless | amp is

used, the |ighgenerally; Eéguﬁ?‘epé‘f‘ albﬁ/t C‘Eﬁ’ﬁ‘)‘ﬁjs’é“?r}%ek?asrm%h e oft ed for

20 the pr opefhéuasaugyheuens&@rb@w@ AP QWP UGS &nitted Where the
heat - contalnnent barrier is omtted, for exanpl e, the fibers may

conpri seld nonlpghtt feom thehikuninatieh sRUIRMAIEE generaliliers. As

shown in Eaayaflg%utwgbawr@if@éf@ox@nﬁﬂa@ SRE N Jnf B0 i€fn | €ns 25
109, for exanple, 1s Tocussed onto the condenser |ens 117" . Light

passi ng througﬁoﬂh@ecoﬁh@n@@FV¢@n§eﬁAﬁct¢%r the heptaad@immentmgi ng ont o
a light guide porricr, aRhOLRESsIR Alhddidd] USRS & iR gpnsi onal

plots of light intensity over a surface area of 30 | nput "end of a
| i ght gui de. 1%@895otogeth¢§h§UbStan¢hﬂ%h%|Q%KNR#QQkFQMHQf of Figure 13

corr espoggs toﬁif@%ﬁnatfgﬂbggufggt fﬁeF%&EUéﬁ;ﬂ%fﬁé@ﬁé¥1ﬁg%%§ condenser

| enses ot o Flgure 14, which i1llustrates a
24 adapted for redirecting prox1mally—d1rected light into

the heat-containment barrier and the semi-spherical

array of focusing lenses.

11. The spherical light guide illumination system
as recited in Claim 10, the illumination source

comprising a 1000 watt sulfur lamp.

12. The spherical light guide illumination system
as recited in Claim 11, further comprising a wire cage
surrounding the distal portion and the intermediate
portion of the illumination source, and

5 the curved reflector having a generally circular

perimeter.

13. An assembly of lenses, comprising a plurality
of plastic lens groups, each of the plurality of
plastic lens groups having a plurality of focusing
lenses formed therein, the plurality of plastic lens

5 groups being adapted for fitting substantially around

an illumination source.
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relatively consistent distribufj ht over the surface area,
corresponds t Wwa yas1edsbodi nent mﬂjﬁli IJF"'L”UI 2 using a condepatAIsdsaRE08s

117" . The rel atively i bution of light 5 over
the surface area of the input end of the |ight gui de can be generally
attributed to the sha e of the condenser |enses 117'. Each of the
transfer |enses 107The ossamily 1013, lemme sl 16 ireqirtefderiablgl ecianf | gur ed

to transmt an apj)rogég@tgfyt}@éq%mag@ﬂg;dooééer eni fgrom tSLl |.i ght

source 103 onto a ‘correspondi ng er
| enses 117' diffradially ¢mr‘s¢ré,psin<hs conpared to the condenser |lens 117 of

Figure 1le. More parﬁﬁ%;ﬁﬂfé’n %lgé'{__elco?ge%ent %oeups eé%rgiaf retded

condenser | enses 117 an | ndentation in
facilitates a refen icentaching strehtfitting diestlr itutdren aofotheghtaigid t he

surface area of f the ht Al t hough
the transfer Iengsrggl]lloynlri%tgp&ﬂlse&grﬁ%’ th) heq: (:Pygf‘é’ t@fnérlf&lxy conpri se
pent agon shapes sagoup@Othe Jfllmnierthgeisareaﬂurcnth t he exception of the
very top transfer lens of the top Il ens group 123, the transfer

| enses of the present invention may conprise virtually any shape. The

shapes of these tran‘Jﬁer ‘]'hmsaaasmﬁyly of lezmayia&e dgcApRepiigs dliaigl udi ng

squares), trian ons ex corrbl nati ons of shapes, or
arbitrarily undghfl et sk%p ch %a"g&eﬁﬁ S groups AdsP teck

surface of a sphase. ccﬁetrneaftallrig/ amDfitting mdfxt heseneshapenhoM ldrdgd equl ar
in that they will not have equal |ength sides, but t he present
rﬁg}h@ dsi

invention i s 30° Bt FUATE Y g SPOgECadtpKhped

“' 5 an illumination source.

16. The assembly of lenses as recited in Claim
15, the plurality of plastic lens groups being adapted
for maintaining at least one air gap between two of

the plastic lens groups.

17. The assembly of lenses as recited in Claim
15, the assembly of lenses comprising a plurality of

side lens groups and a top lens group.

18. A light guide illumination system,
comprising:

an illumination source adapted to emit light;

a reflector having a parabolically curved surface

5 which is adapted to receive light from the

illumination source and to redirect the received
light; and

a plurality of focussing lenses adapted to receive

light from the illumination source and the reflector.
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| enses, as well. All, sone, or none of the tTenses may be the sane

5172, o200t dugbimidlaene oresent MG Y| T P 2o, Hesiabiiiecs

are fairly circular in shape, dnd®thbs facili*tate focussing of |ight
wi th m ni rum angul ar di ver gence. However, other noncircul ar as well
as circular lenses 19, THgnajyhﬂnyﬂidgxyymﬁmyaaquhhgyg%gﬁegg I nvention. 5
Al t hough the present |nvent|on |ncorporates a fairl wel | - rounded
sphere, any asd&@fitediin ity dft eaqhy of the épcb‘éﬁ'ﬁpét &epsesrroundi ng a

light source Mayeiify dispodd®|LMRIH Qbproximately Bhhannakhyghy to the

foregoing preferred 10 construction, the transfer |enses and condenser

| enses e AN PO Ehe | IdPMEINGEe N0 SO8EE.I- ons combi ned into
a single unit, of either glass or plastic. The spherical heat barrier
may al so be d|V|ded i nto sections, if desired, and be included in

these 15 nodul es.20. The lightyguddes iildumisakérnt SyStep efew of a

par abolic f ts ixfalg s ; cgrd S
preferred enboJ%%%ﬁéH:fH |stfﬁgﬁﬂsﬁg%£??§%§ll%9 o EBQF%géﬁg Qgﬂggtsors

whi ch focus I|gﬂﬂmpnisinﬂrﬁﬁﬁﬂaﬁﬁrzdenseéua¢hﬁr@ﬁpﬁhéltyghf toanséer
parabollc refl%ﬁﬁﬁﬁﬁ;%ﬁﬁng adapted to receive llght from the

5 reflector, and the light guide illumination system
further comprising a plurality of condenser lenses

adapted to receive light from the transfer lenses.

21. The light guide illumination system as
recited in Claim 20, the reflector having a circular
perimeter, and

the plurality of transfer lenses having a

5 generally circular perimeter, which is approximately
the same size as the circular perimeter of the

reflector.

22. The light guide illumination system as
recited in Claim 18, the illumination source being
adapted to be placed at a focal point of the

reflector.

23. The light guide illumination system as
recited in Claim 22, further comprising a bracket for
holding the illumination source at a focal point of

the reflector.

24. The light guide illumination system as

recited in Claim 18, the reflector comprising two
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adapted to collimate light in a direction away—from the light source.

cn'transier [oncee 177 o MUMILKIEITRIh<: 17a° he"t: EREFEMRER. .

177 25 and condenser |enses 178 of *Fidure 1b are simlar to t he
transfer |l enses 107, 109, 111, 113, 115 and condenser | enses 117 of

Figures 7-14 in pansbolittabhy curvedasupf@esEnihi & Cardl despasédely.a
focussi ng | enses shown in Figures 5 and 6, for exanple,

h
may be 30 use%ggﬁ—E?é%%c%?E?ﬁgf??an%?%r | enses 177 and condenser

| enses 178.5The transher il bmsenadidn asish £68 adapted &5 8Se IfBaced

i stic, but other materi als such as gl ass
ﬁgsfgéagggdconprégea &ggf géfht bétween the twograrabolically curved g

Additional ly, a sesfacestai nment barrier nmay be di sposed between the
i ght source 12 and the plastic transfer lenses 177 in an alternative
enbodi nment . Figure 16 illustrates an alternative enbodi nent of 5

the configuration of2fi guseldght Jidefithenfdehl idystem, reflectors 175
of Figure 15 are truncated and pl aced t oget her in a back-to-back

fashion. The |i ght™RbtPtRy: is then placed at a focal point of the
resul ting dual aPaf BD@h1€at £bh €68 0F cd Slaagitn WA & 1&f18es 177 and

10 t he condenser |enses 178 of Figure 15 may be pl aced at
a reflector having a curved surface and an output

5 end, the curved surface being adapted to reflect light
from the illumination source out of the output end;
and

a plurality of focussing lenses disposed in
proximity to the output end, each of the plurality of
10 focussing lenses being adapted to receive light from

the reflector.

26. The light guide illumination system as
recited in Claim 25, the reflector having a
parabolically curved surface which is adapted to focus

light into the plurality of focussing lenses.

27. The light guide illumination system as
recited in Claim 26, the plurality of focussing lenses
comprising a plurality of transfer lenses, and the
light guide illumination system further comprising a

5 plurality of condenser lenses adapted to receive light

from the transfer lenses.

28. The light guide illumination system as

recited in Claim 27, the reflector having an output
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one or both of the two output ends 185, 188 of the dual parabolic

Figures 5 and Qs U ZxaUﬂllll lllllﬂ]ﬂﬂﬂll o) R ot G

| enses 177 and condenser | enses” 178. " THe Fight source may conprise a
Sol ar 1000[err] sulfur lanp or, alternatively, may conprise a

doubl e-ended M&gdrd which Hid e il me%'éfihd@$1hlaHU§E6§h@dth@ Figure 16
and di sclosed in co-pending U S. Application Serial No. 08/

. filed on Mar @pPeninmef dhe autmute@nd, andyy T PORT | LLUM NATOR FOR LI GHT

GUI DES. Brmackets 1%4he plurali®h e t4e@dfe@ h@hgegheo%ﬂhb%ea@@enaﬁt al
hal i de | anp 190 to the dual parabolic reflector 18

Al t hough exenpléameEMid ety ishSubsFantigdlysthe ﬁawe B&é&R 8Fown and

described, manypy herrGhaitgeseter. hodifications and substitutions, in
addition to those set forth in the above paragraphs, may be nade by
one having ordinary skill in the art w thout necessarily

ggparti ng from the &pirifhand #GoRRIYe A1 A%eAbhoBysten as
recited in Claim 28, each of the focussing lenses
being disposed at an approximately equal radial

distance from the illumination source.

30. The light guide illumination system as
recited in Claim 28,Ithe first perimeter defining a
substantially circular area, and

the second perimeter defining a substantially

5 circular area.

31. The light guide illumination system as
recited in Claim 25, the reflector comprising two
parabolically curved surfaces which are disposed in a
back~to-back fashion, and

5 the illumination source being adapted to be placed

at a focal point between the two parabolically curved

surfaces.
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CLAI M5 | . 1. A light guide illumnation system conpri si ng:
an illum natiwo®ewise adapted to emt |ight; a conf irgIEesos08509 |
focusi ng | enses di sposed around 5 the/iliouﬁrmuion source, each of the
focusi ng | enses bei ng adapt ed t% focus emtted Iight fromthe

illumnation source in a generally radially outwardly direction from
the illum nation source; and a heat-contai nnent barrier disposed
bet ween the 10 illum nation source and the configuration of focussing

| enses. 2. The optical fiber illum nation system as

recited in Claim1, the configuration of focussing | enses conpri sing
pl astic. 3. Th#{@ight guide illum nation system as recited

i ag ~ lenses conprising nol ded
|l um n

gts Bn system as

| enses_

f focusin

ses di spo\ed
=cgnt al nnent_ ha

i-H-yni nation le: |

in Caiml, the configuratiqn of fecu
pl asti c. 4. The\lig gJi
recited in Claiml, the config }

spherical structure of focusing
illum nation source, and 5 t
spherical structure|@i sposed aroy

—




source between the illum nation source and the configuration of

focusing | enalg,sg 28 PCT/US98/08608
The |ight guide’l ?un1nat|on system as recited in Claim4, the
heat - cont ai nnent barri er conpr@5|nd gﬂgks 6. The light
guide illum nation system as recited in Claiml, the illum nation
source conpri sing a sul fur |anp. 7. The |ight guide
i1lum nation system as recited in C|a|n11 further conprising a
plurality of honogeni zer rods, each of the focusi ng | enses being

honogeni zer rods. 8. de illum nation system as

FIG. b

adapted to focus light into a c%ér S ondd “’;ﬁ of the 5 plurality of
t

10
\’\ 45b




recited in Claim?7, each of the focusing | enses conprising a transfer

| ens. WO 9961945The | ight guide illum nation system as PCT/USIBVUS603 | N

Claim8, further conprising a pluralgty ?f 1 condenser | enses, each of

the plurality of transfer | enseS bel ng %dapted for focussing |ight

into ab correspondi ng condenser |ens. 10. A spherical |ight

guide illum nation system conpri si ng: ql | um nation source
a

havi ng a proxi mal Aortion, a distgt portion, Lr/@8rmedi ate
portion between 5 t he proxi mal porﬂi n and the di portion;
a curved reflector A& sposed near the pnoxi ma I pn of the

illumnation so

a heat - cofgt ai nrent rj | SPOS
around the distal | on of the illum ngtion\so(r a()e
29 10 and t i nternedi ate portion i1l um na#i on

sour ce; a sem -¥pherical array of f@cuSing | enses di spos
\




general ly around the heat-contai nnment barrfer, each of t he focusing

| enses bein Qﬂ%?‘t? to focus enmtted 15 light fromthe ilpeiiisueiob6ds
source in aqz 2 y radially ouéwaé@{y direction fromthe
fl

i I'Tum nation source, the curvél r or, the heat-contai nnent
barrier, and the sem -spherical array of focusing | enses toget her
substantially surroundi ng the | 20 illum nation source,
the curved refl ector being adapted for redirecting proximally-directed
light into t he h§ég-containnent barrier and the sem -spherical

array of fo S. 11. The spherical I|ight o [<]

illum nation as reci T n Lm 10, the illum pé source

conprising a 1 tt sulfu P. 2. The sp § | i ght
guide illumnatio stem as ; in 11, f Wer_conprising a
W re cage sur roundj th stal porti i ntf medQit e

portion of the illum nAts and 5 he\c\rved refl ector having

assenbly of | enses,

a generally circul
of the plura

conprising a plurgli
of pl ast i fpens fgr
formed therein, th I
fitting substantialfy

stic | ens groups,
vingta plurglity of f
of plastic fens 5

ah illymnati
;z/

81

ea

FI1G. 5

90 ~

) &

16

FIG. ©
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30 o . 14. The assenbly of |lenses as recited in Caim

13, each of twepluwsal ity of plastic | ens groups being r b Tali49%/08608
curved, and the plurality of pl gstijg | ens groups being adapted 5
for contacting and fitting next to one another around an illumnation
source, to thereby substantially surround the illum nation source.

15. The assenbly of lenses as recited in Caim 14, the plurality of
pl astic | ens groups bei ng adapted for contacting and fitting next to
one anot her around a heat-contai nnent barrier, which is disposed
around 5 an illum nation source. 16. The assenbly of | enses
as recited in Caim 15, the plurality of plastic |l ens greups being
adapt ed for maintaining at{deast one ait.gap between two QD t he
pl astic | ens groups. 37. Thé& asserly of |enses as 2cited in
Claim 15, the assenbly of kenses cQnmpristng a plurality of! si de
| ens groups and a top |ens group*.\ \o ™~

—

. T

+46.5°
17
O°

/

/I
L +12°+247+36°

)

/1 / 4.5MM (0.375")

/

\

24°-12°

\

A\

-48°-36

N\
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18. A light guide illumnation system conpri si ng: _ o an

il lum natio adapted to emt |ight; a refl ech@frusuriobsd a
par abol i cal W&g{?ﬁ@gﬁ surface 5 vvhkch i/s apted to receive (F)ii(ght fromthe
illum nation source and to redirectVthe'r i ved light; and a
plurality of focussing | enses adapted to receive light fromthe

I 1 lum nation source and the reflector.

31 19. The Ii
recited in Oaim18, each of thd
appr oxi mat el y eEﬂhl di al

20. The light guidqe\}Ju atio
plurality of focussing |enses
plurality of transfer | ense

system as
fNQg di sposed at an

121

FI1G. 1O 21




5 reflector,. and the light guide illum nation system further

conpri si ng a plosshassy of condenser | enses adapt ed t o reqg®iTyEsosiogHos
fromthe transfer |enses. =721. Th? Ilght guide illum nation
system as recited in Cdaim 20, the refl'ector having a circular
perimeter, and the plurality of transfer |enses having a 5°
generally circular perineter, which is approxi mately the sane size as
the circular perineter of the refl ector: 22. The light
guide illumnation sy recited in Caim18, the illumnation
source being adapt ed to be aigﬂ;ﬁt i 10 | point of the

refl ector. iiﬁ; e il nati on system as K)q

recited in Caim?22,
illum nati on source

furt her canprising a bracket for | di ng
at a focal \point of - the refl ect 24.
The light guide illufnatijon syktem as recited i Cla|n118, t ig

reflector conprising two 32
P 107

+

FIG 1o

i i3

N N
FIG. |lc | L

FIG. 114

17

FIG. lle



parabolically curved surfaces which are disposed in a

f ashi on, andW0

25. A light guide illumnation sys
illum nation source adapted to emt
curved surface and an output 5

l'i ght;

end,

back-t o- back

?/6 4 the illum nation source bei ng adapt edpe&pubss/asémced
at a focal pol B& ween the two p aboIinﬁly
8y

curved sur f aces.

conpri si ng: an

a reflector having a

the curved surface being adapted to

reflect Iight fromthe illum nation source out of the output end;
and a plurality of focussing | enses disposed in proximty to
t he output end, each of the plurality of 10 focussi ng | enses being
adapted to receive light from the r ctor. 26. The |ight
guide illum nation system as recitt ip Cdaim25, the reflector having
a par abolically curved surflac [ i fted to focus l'i ght
into the plurality of focussing{l en — 27. The light guide
illum nation system as r eci i 26, the plurality of focussing
| enses conprising a pluralify er | enses, and the | i ght
guide illumnation systemfurther ri\shng -a
o/
c-
[ Q
—
—

FIG. 12

i



fromthe

| enses adapted to receive |ight

plurality of condenser

transfer

5

28. The light guide illum nation BgHUSISS608

| enna®99/61945

recited in Claim27, the reflector hlaving gpg out put

33

end which has a first perinmeter defined around the
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substantially circular area, and

subst anti al | i rcul ar area.
i1 1um nati oﬁk;gg%[flgf*ﬁcas recite

t wo parabolically curved surf
back-to-back fashion, and 5

be pl aced at a focal point be
surf aces.
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31. The |ight RCEA98/08608
in iqn 25, the reflector conprising
iges ﬁmaicq? are disposed in a
the illum nation source being adapted to
tween the two parabolically curved
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