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20 liquid crystals defining the pixels are relatively small and because the electronic control allows
precise control of the liquid crystals, the resulting projected image may be very accurate and
sharp.

Alternatively, each pixel employs a digital mirror to modify the light emissions. The
digital mirror consists of a movable mirror in which the light is either reflected toward or away

25 from the screen, thus forming the bright or dark spots. Again, the positioning of the digital
mirrors is electronically controlled to allow very accurate control of the light emissions.

Accordingly, the use of the SLM in an image projection system is advantageous because
it allows precise electronic control of light emissions through the pixels. Thus, a projection
system containing an SLM may produce a precise, high-resolution projected image.

30 However, the performance of an SLM projection system depends critically on the
collection and focusing of light energy from the lamp to the SLM. In particular, to illuminate the
spatial modulator and project the output onto the screen, it is necessary for the light to be uniform

over the SLM and to have sufficient amount brightness.
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over the SLM and to have sufficient amount brightness. 1 WO 01/71405
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In spectroscopy, it is common to use parabolic-shaped reflecting mirrors in off-axis
reflecting systems to focus the light emissions from the light source. For instance, US Patent No.
3,986,767 describes a parallel beam being focused into a small spot directly onto the test sample

25 using an off-axis paraboloid reflector. Similarly, US Patent No. 4,591,266 (Re 32,912) discloses
a spectroscopy system that uses a matched pair of off-axis paraboloid reflectors that have their
foci optically imaged on the sample, either at a common point or at two points which are
optically imaged on each other, and having relative locations and orientations such that each ray
of radiation from the light source strikes the two reflectors at points on the reflectors having

30 approximately the same focal lengths. U.S. Patent No. 4,473,295 illustrates the configuration of
another spectroscopy system using paraboloids to collect and focus light onto a test sample.

Similarly, U.S. Patent No. 5,191,393 ("the '393 patent") and corresponding European
Patent No. EP 0401351 B1 relate to the transmission of light from the outside of a cleanroom
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of radiation fromthe |light source strikes the two reflectors at points on
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enbodl ments of a collecting and condensing optical systemin accordance

W th the resent |nvent|on 25 FIG 5 is an isonetric plot of an output

flux fBriehR) tion|Of The:Drawingce. FIG 6 is a schematic illustration of a

tapered hor@rﬁﬁ@dlﬁ%hts%?% ﬂr@seﬁt RVEIFI G be described with reference to the following

ﬁgures in which like components or features in the various figures are represented by like

20 reference numbers:
FIG. 1 (PRIOR ART) is a schematic illustration of a projection device using a known
collecting and condensing optical system;
FIGS. 2-4 are schematic diagrams of various embodiments of a collecting and condensing
optical system in accordance with the present invention;
25 FIG. 5 is an isometric plot of an output flux from a typical light source.
FIG. 6 is a schematic illustration of a tapered homogenizer used in a preferred
embodiment of the collecting and condensing optical system of the present invention; and
FIG. 7 is a schematic illustration of a collecting and condensing optical system for use in
the projection system of FIG. 1 in accordance within an embodiment of the present invention.
30 FIGS. 8A-8F are schematic views of a plurality of polygonal lightguide (waveguide)
targets in cross-sections which may be employed in embodiments of the present invention.
FIG. 9 is a schematic view of a circular cross-section target which may be a single fiber,

bundle of fibers, or lightguide (waveguide) utilized in the present invention.
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enbodi mrent of the collecting and condensi ng optical system of the present
invention; and FIG 7 is a schematic illustration of a collecting and
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20 Generally, an ultraviolet-infrared (UV-IR) filter 15 receives the output of the waveguide
output 14 and filters out much of the UV and IR radiations. The UV and IR radiations levels can
be further reduced by a cold mirror 16 that reflects only radiation from the visible light portion of
the electromagnetic spectrum. The illumination assembly 10 may further contain a set of relay
lenses 17 that collimate the light into a substantially parallel beam for illuminating a projection

25 light engine 100. |

Inside the light engine 100, the input beam is split into three colored beams, red, green
and blue, using multiple dichroic filters 102, as well known by those in the art. Each of the
beams is then polarized by the polarizing beam splitter (PBS) 104 and passed through a spatial
light modulator (SLM) 105 in which the intensity of each pixel of the SLM 104 is modulated by

30 changing the polarization, as described in the above text. The three modulated output beams will
then be combined by a color combiner 106 and projected onto the screen through a projection

lens 108.
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G e e e
| anp, faur main components: :
1. Electromagnetic Source
The electromagnetic source 20 is preferably a light source having an envelope 22. Most
20 preferably, the source 20 comprises an arc lamp such as a xenon lamp, a metal-halide lamp, a
HID lamp, or a mercury lamp. For certain applications, filament lamps, e.g. halogen lamps, can
be used, provided the system is modified to accommodate the non-opaque filaments of the lamp,
as will be described in more detail below.
2. Collimating Reflector
25 The collimating reflector 30 comprises a portion of a paraboloid of revolution having an
optical axis 38 and a focal point 36. The collimating reflector 30 preferably has a reflective
coating (e.g., aluminum or silver) and the surface is highly polished. For certain applications, the
collimating reflector 30 can be made from glass coated with a wavelength-selective multilayer
dielectric coating. For example, a cold coating with high reflectiveness only in the visible
30 wavelengths can be used for visual light applications. With the source 20 placed at the focal

point 36 of the collimating reflector, electromagnetic radiation that contacts the reflector 30 will

be reflected as a collimated beam parallel to the optical axis 38 of the reflector 30. Where the
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collimating reflector 3 ocusing reflector respect
portion of the collimating reflector 30 is focused by a corresponding surface portion of the

20 focusing reflector 40 will be referred to as positioning the reflectors in substantial "optical
symmetry" with respect to each other.

4. Target

The target 60 is a small object requiring illumination with substantially the highest
intensity possible. In the preferred embodiment, the target 60 is a waveguide, such as a single

25  core optic fiber, a fused bundle of optic fibers, a fiber bundle, or a homogenizer.

Suitable targets 60 can be polygonal in cross-section as shown in FIGS. 8 A-8F or circular
in cross-section as shown in FIG. 9. Further, target 60 can be an increasing taper lightguide as
shown in FIG. 10A or a decreasing taper lightguide as shown in FIG. 10B. Additionally, target
60 can be a hollow pipe homogenizer as shown in FIG. 11 having reflective inner walls R.

30 An input end 62 of the target 60, e.g. a proximal end of the optic fiber, is positioned at the
focal point of the focusing reflector 40 to receive the focused rays of electromagnetic radiation

reflected by the focusing reflector 40, and the light exits the target at the output end 64.



to each other so that substantially each ray of el ectromagnetic radiation
collimted by a surface portion of the collimating reflector 30 is focused
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| i ght 'source 20 to the collimating reflector ray 30 is | ess along the
20 reflector and the target has substantially the same corresponding distance between the arc and the

first parabolic reflector. Thus, both the rays a and b are substantially focused onto the target 60
with substantially the same divergence and, as a result, with substantially the same magnification
to preserve the brightness at the target.
It is highly desirable that the collimating reflector 30 and the focusing reflector 40 are
25 substantially identically shaped. For instance, the collimating reflector 30 and the focusing
reflector 40 may be formed using the same mold. Then, the performance of optical collecting
and condensing system is further improved as the focusing reflector 40 corrects for imperfections
in the collimating reflector 30.
As illustrated in FIGS. 2-4, one or more optical elements 80, such as various lenses and
50 filters known in the art, may be inserted in the spacial distance separating the collimating
reflector 30 and the focusing reflector 40. Because the electromagnetic radiation transmitted
between the reflectors 30 and 40 is collimated, such optical elements can be of simple shape and

design.
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optical axis 78 and focal point 76 that preferably substantially coincide with the optical axis 38
and the focal point 36, respectively, of the collimating reflector 30. The secondary collimating
reflector 70 is preferably substantially of the same size and shape as the collimating reflector 30.
A flat reflector 72 is positioned substantially perpendicularly to the optical axis 78 at an
25 output end of the secondary collimating reflector 70. As shown in FIG. 4, radiation emitted by
the source 20 away from the collimating reflector 30 is reflected and collimated by the secondary
collimating reflector 70. The collimated radiation reflected by the reflector 70, which is parallel
to the optical axis 78, reflects off the flat reflector 72 back into the secondary collimating
reflector 70 and is thereafter reflected back through the focal points 76 and 36 toward the
30 collimating reflector 30, to thereby increase the intensity of the collimated radiation reflected

toward the focusing reflector 40. Thus, the secondary collimating reflector 70 and the flat

reflector 72 function together as a retro-reflector.



of the collimated radiation reflected toward the focusing reflector 40.
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source 20 is co]lected, colljmte i rec e to the second parabolic
r e£9 edisetionsiuch thafaicigul PreHrPJ?Eft“Eﬂ gﬂﬁ)?&???é‘%ea‘fsﬁéf’ nfly. positioned with the

I nput end 62, ﬁ’% @{ﬁ)éﬁ@@feheu:gettﬁh?th%q&eﬁsl@%reﬁletb%s sQ6dtady Bl dhapd 8f tauch

that majorit
light source 20 and is generally close to rectangular. As shown in FIG. 5, the spot of the

resulting light output is approximately rectangular with sides of lengths in the neighborhood of
about 1.6 mm and about 2.7 mm. The projection lens 108 is typically about an F/3 lens, which is
25 equivalent to a numerical aperture of about 0.165, as known in the art. To aphieve substantially
the same numerical aperture in both direction at the output of the tapered homogenizer and using
the invariance of the product of the length and the numerical aperture, the output dimensions of
the homogenizer are in the neighborhood of about 11.6 mm and about 9.7 mm which has an
aspect ratio of about 1.2 which is very close to the desire aspect ratio of about 1.33 for a normal
30 TV format. To achieve substantially the exact output aspect ratio, the input dimension can be
changed accordingly such that substantially maximum output can be obtained.
Thus, in a preferred embodiment, the target 60 is an increasing taper waveguide, as

illustrated in FIG. 6. The tapered homogenizer is dimensioned so that the height to width ration

9



the light is collected by the target. The output intensity is further

i ncreased by using a retro- reflector, such as the circular retro refl ector
50, positwonetdi4ed the |ight source 20 on, the opposite 10psi@soiaf774¢he
collimating reflector 30 such that the light collected by the
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o v Lot Rombreriied can Ao bR seddd B CalEgt réonst matnabringiestldfiog o ratio
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about 4-to-3 or about 16-to-9, depending on the fornat of the display. The
angul anside sarfacksiarediiglih cafledtiexdrelntte sheps tofititei sidel wallsgs dédignedrio ipodviidde2be

di rections such that circular projection I ens 108 can be used
efficﬁéﬁ@ﬁ?ﬁwﬁ@nFﬂéuﬁﬁput end of the target 60, the intensity profile bears
substanti al . Fheps : i . SOUr, i ; to
rectanguIaHhXX§p§ﬁoﬁm |ﬁ%%F%pﬁg?é?ﬁg&gﬁgg‘@gtﬁﬁgﬁﬁgggﬁpgﬁﬁgk %g %ﬁ%aﬁgut is
appi oxhaethebame may dagatiat inwhddy waydesitlofut Hepaginpsfirom thenginiteringsbopdafatie of

about 1.6 mm and ahout 2.7 The projection |l ens 108 is typically about
an F/ 3nyemien. wHyaRd; szél @aaipwaﬁl@mar% Bhepdad ffobs g udafgmtm%e SfoPsSiHe 0. 165,
as kn o&ﬂ1<§£ﬁért- To achi eve substantially the sane nunerical aperture
in both direction at the output of the tapered honobgenizer and using the

i nvariance of the product of the length and the nunerical aperture, the

out put di nensions of the honbgenizer are in the nei ghborhood of about 11.6
nm and about 9.7 mm which has an aspect ratio of about 1.2 which is very
close to the desire aspect ratio of about 1.33 for a normal 30 TV fornat.
To achi eve substantially the exact output aspect ratio, the input dinension
can be changed accordingly such that substantially nmaxi mum output can be
obtai ned. Thus, in a preferred enbodinent, the target 60 is an increasing
taper waveguide, as illustrated in FIG 6. The tapered honogenizer is

di rensi oned so that the height to width ration 9 WO 01/71405

PCT/ US01/ 07796 (h/w) at the input target surface 62 is substantially equal
to the height to width ration (h'/w)at the output target surface 64. In

t he tapered honogeni zer 60, the nunerical aperture in both directions and
t he i nput/output areas are transfornmed. This honpgeni zer 60 can be made
with

10



quartz, glass or plastic, depending on the anmount of power being used. For
certain applications, 5 the honogeni zer can al so be cladded in which the
rod is coabed7mni h a | ower index cladding materials. |n pODUREr07796

enbodi ment, the honogeni zer can be a hollow light pipe in which the inside
surfaces are highly reflective and ChAIMSpe of the side walls is designed
to provide the ransformation required..In view of this description of the
i nvention, it wifPIPBREINPIFECR GVICIBPLISNR | ed in the art 10 that the
same nmay be, VvallhedniBe: MRAY Ways wi thout departing fromthe spirit and scope
of the invention. Any and all such nodifications are intended to be

i ncl uded widnhopticalhievice ol ilbdminktes sdidlimegd sogree] sideptichDd i OdonTirdiig
PCT/US01/ 07796 CLAIMS 1. An inmage pr.oj.ection device conprising an inmage
sout ce; and an &pﬁqué‘?fIOf&@?fre@ag ‘ccrﬁﬂqlﬁ{‘ﬁﬂ’nat es said i nage source, said

optical device cogpret & Bl ri}ﬁat?d f«ﬁH bfRadh p%hﬁﬁltdﬁﬂ@&@&}ddﬁag'n%ﬁé Aldiifdn 2

target to be illumhated wth a east a portion of the electronmagnetic
radi ati on emnitted by sdigt ssacel source, a first reflector conprising at | east a
portion of a parapoloid of revol.uti

n, said first reflector having. an
optical axi's anc® 4rst {flEftoF gRmprising ﬁtﬁe%agaﬁt@n&é?m@a O'Z%f i rexgluforsaidce 10
bei ng pr oxi | i : | : g :
el ectromag niiﬁ?fl %ﬂéﬁgfgdﬁ gsér{)?%gfﬁ{)éz;g%aﬁdt g‘tség’i‘!ﬂb%‘?g’té‘ Ség{/@tgglr%%g?ldtsgmsc gi d
opth cal axilsingmdximate emahfirst ffchiemtintrsuclothat senaef the elecashagnepoehérgninf a

par abol oid of revolution, said second reflector, having an optical axis and
a second fJUEMIES Al Wllimated raysmarle! 19,spid optigal @xis, Aidhet bei ng proxi mate to

sai d second. foca] ;o Mefle&dt Qoxg&gsg‘ggaﬂ@af #gge%n%?wgraeeﬂ& bORES SN, A0

orientated with respect to sai t reS ctor to recelve a substanti al
portion of ssedmll refledtbr mviredarr éptabdxiedreict seoombfoeslippireroarsgid apvicalhexts, saidd
second refl ector redirects sai. collimted rays to rff sai d. target,
wher ei n sai @resbPaingBIGXHRR & paid pesond frpakpgint. F%@é@gﬁgﬂ cfr being poRighed

supst ant | al dad JliGeaRith KBt AILie NAPFROM: & ReAlé FUURHNTUPRLA bAldy
optically symmetrically w respect to each other 20 so that
subst ant i al dojliraatet rayaf efectratiagrtetio energy ke ttaeshidyecand wiffeatwe rggliretissaidof sai d
collimatin
gcollimatf:d rays toward said target,
wherein said collimating reflector and said focussing reflector have substantially the same
size and shape and are oriented substantially optically symmetrically with respect to each other
20 so that substantially each ray of radiation reflected by a surface portion of said collimating
reflector is reflected by a corresponding surface portion of said focussing reflector toward said

target.

2. The optical device of claim 1, wherein a portion of the electromagnetic radiation
25 emitted by said source of electromagnetic radiation impinges directly on said collimating
reflector and a portion of the electromagnetic radiation does not impinge directly on said
collimating reflector and wherein said device further comprises at least one additional reflector
constructed and arranged to reflect at least part of the portion of the electromagnetic radiation
that does not impinge directly on said collimating reflector toward said collimating reflector
30 through the focal point of said collimating reflector to increase the flux intensity of the

collimated rays.

11



reflector is reflected by a correspondi ng surface portion of said focussing
reflector toward said target. 2. The optical device of claiml1l, wherein a
porti on o¥ovhei4ed ectromagnetic radiation 25 emtted by spCOUsSoun7e® of

el ectromagnetic radi ation inpinges directly on said collimating reflector
and a portidn ofThehwptiehledrvicerdghagh i2c wherdinesaidat lebsesnenatditiong] reflectdi rect |y on
said colljmting reflector and. wherein said. device further conpri ses at
st MPrATA GRS PG FaIeeOr dsPOReoP gt GO TS PR TR i

| east i : : i iati : not
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r ef | echfrcoBimatingreflactbhowaed sdid palimating reflectdr dowdbbghnthe forgl pail afohol to
increase. the flux intensity of the collimted rays. 11 WO 01/71405

PCT? Useilimatinggetlectorrne optical device of claim 2, wherein said at |east one
additional reflector conprises a spherical retro-reflector disposed on a
side of said source opposite said collimating reflector to reflect

el ectronmagnet i ¢ Thedpaichlodeveridf chin 2 ehesa didadeaseonmaddittinabeflector away from
said collimating refl ector ]{%g\/\%rﬁd sai d1 ollimating reflector through the
focal Se&IPaisesHE Plgalidy of adslitionahretisglorsansluging: . 4. The optical device of claim
2, wherein saj . L . ; urality of
addi 1 onal T oF syt QRRRRERERCE LRt EhREhRa eSO e Shr o

conpr ilgiving ad qpoicli axis that subgrantéblylcoindidet withvhé opticahaxid 6f wd/ caljmatingpt i cal
axis that substantially coincides wth the opti gtgl axi s ?f ) aiil collimating
r ef | edelecternda foeal poinsdhat subsiantialy, paingides with (hedigral eoud oF fid Aolimatingc o

pol nt Bhecid) b (ifl!dhdIBHdafictic' BlibAGH GhirRA lfRlaif baEd ATPARRILE haf Bkl
emitted Trom sald source in a direction away fromsaid collimting

r ef | eclollitm#inpdieflesocrbluder cellintatadsrapd ofedl@tionmgaetivahdiatiom difleticd fronefdiéct ed

fromsaid secondary caollinmating reflector in a direction substantjally
par al |s6fondgry epdlipatingteflegter ! oifestiy Sq@ag%l&ha%rﬁl@elé%rhq %&fﬁlﬁglsrfg‘?sﬁl@ct or;

ang. a ﬁgg&%@ ooghi&mﬁcg {e‘?lfe&t‘éf‘%gﬁ that is substantially perpendicular to the

optical axi sal secondary col limating reflector and constructed and
arranged t a genktatigtilat Feflecol harat satstamtiatly perpeadieclar anthgopti¢at axiadf sdid on
reflected fromsaid secondary collinmating reflecto roduce . collinated

. to p
rays oeceidapt livaatieg Tedleptagiong sopntracied ackasrmerdia eled the X lipRied &350 in a
dir ectd Oc@rogu% ﬁ#j{?:slla?ﬂhbﬁ% ﬂécf%ﬁrfﬁ)!n{ &lid %é?:oh«lﬁﬁy letii'rri:a"f'ilrlg stdto Bﬂ)‘dQCesecondar y
colllmﬁlng FEY | ec or, e collinmate
collimated rays of electromagnetic radiation reflected from said flat reflector in a direction
20 substantially parallel to the optical axis of said secondary collimating reflector, the collimated
rays reflected from said flat reflector thereafter being reflected by said secondary collimating

reflector toward said collimating reflector through the focal point of said collimating reflector.

5. The collecting and condensing system of claim 1, wherein said target is a single

25 optic fiber.

6. The collecting and condensing system of claim 1 wherein said target is a bundle

of optic fibers.

30 7. The collecting and condensing system of claim 1 wherein said target is a tapered

homogenizer.
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rays reflected fromsaid flat reflector thereafter being reflected by said
secondary collimating reflector toward said collimating reflector through
t he focalw@oi/nt40of said collimating reflector. 5. The col PeTUBoIg729%d
condensi ng systemof claiml1l, wherein said target is a single 25 optic
fiber. 6. ®e cdlleamilectingeand condrheingisysiermyod ckmm @ wherainsaid homegenizestkesd
target is a bundle .of optic fibers. 30 7. The collecting and condensi ng
syst erRCHiBORPLE IS TSeGH Ut ei n said target is a tapered honogenizer. 12 WO
01/ 71405 PCT/ USO01/ 07796 8. The coll ecting and condensing systemof claim38
wherei n said honogeni zer has a polygonal cross-section. 9. The collecting
and condend.ng shstw@hedingdndicondensingrsgstemsdicthitnj lgwhersinsnicddight soBesisl ect ed
froma gro consi sting .of a xenon, nercury xeno tal halide, and

ol b SAEFEHGo 4 BroupiR RS TGO BerE N RS A el BT PelogFiattuner o n
said first paraboloid reflector is coated with a nulti-dielectric coating

reflecting only visible light. 10 11. The collecting and condensi ng system
of clai m 1 Hfourt Hire cdrptingsindgoadensingrsgstemsif ehini Il whereipl sacldtt stysratedoidsai d

first large side and sai d .second parabal gid ref|ectors. ., 12. The collecting
and cdﬁ@@g@ilﬂﬁo%ﬁi"&maﬂu r ?lﬁ‘ftgc\ﬁﬁ’f’é}“@irﬁﬁ?ﬁi{‘a °Bai §} B{?ﬁf%‘t'a' rectangle. 15
13. The collecting and condensi ng system of claim8 wherein said polygon is
a square. 14. The collecting and condensing systemof claim1 wherein said
| i ght sour cd. hasThercoll2&timy amdaogldasof si8Omddgtagmsl. futtber chneprisolgeect i ng and
condensi ng, system of claim 1, rejn said target is,a h eni zer that
has a FRSPIISHVBITIET Riacer PVPRILaa rst sidq gndseiksecond Haé?lba%ﬁngg Cf%%ting and
condensi ng system of claim 15 wherein said hollow pipe is tapered. 17. A
systemfor collection light froman arc |lanp to a honopgeni zer conpri sing:
an optical 1a&xi s,The collecting and condensing system of claim 8 wherein said polygon is a

rectangle.
15
13. The collecting and condensing system of claim 8 wherein said polygon is a
square.
14. The collecting and condensing system of claim 1 wherein said light source has an

20 arc angle of 180 degrees.

15.  The collecting and condensing system of claim 1, wherein said target is a

homogenizer that has a hollow pipe with reflective inner surfaces.

25 16.  The collecting and condensing system of claim 15 wherein said hollow pipe is

tapered.

17. A system for collection light from an arc lamp to a homogenizer comprising:
an optical axis,
30 a first paraboloid with its axis substantially collinear to said optical axis with a
circular cross-section subtending an arc angle less than about 180 degrees with respect to
said optical axis,

an arc lamp placed substantially at the focus of said first paraboloid,

13



30 a first paraboloid with its axis substantially collinear to said optical
axis with a circular cross-section subtending an arc angle | ess than about
180 degr aesowrt4bs respect to said optical axis, an arc | arpr/b@oEde
substantially at the focus of said first paraboloid, 13 WO 01/71405
PCT/ US01/ 07796 aa sseond parplolaidovith shbsiantialiuths same dimhdngionlae ssidfastdianaboddidn as

saldflrst boI0| and Iaced th.its axis substant.all r to
sai d opti c f‘%edm’lgb’és %ﬁﬂﬁ ﬂ&?"é Jjiegr tog wa%ﬁt}cﬁi 1§ Dlagg ﬁ‘% ﬁ”g’?ﬁ’été‘i ‘o
said first Iﬁggw!p\mtgrgggwg@ggﬁg;st?gﬁggl@lcpubstant| ally at the focus of
sai d secondi araboloid for~ 5 substantially maxi mum coll ection of |ight.

18. The system aa:hmndgermgzet placd:chsubsmﬁtldllwtthmfocqufrsasi segoral Avitenloid£br

retro- reflecg? aced subst anti al directly opposite to said first
par-abol oi d.5% YI*H%X‘% eSRULHEY to claim 17 wherein said arc | anp
is selected from a group consisting of a xenon | anp, netal -halide |anp,
and xenon-nercury lanp. 20. The system according to claim 17 wherein said
hormogeni zer18.s aTlkd sygteen ddchrting tokdaidill 7 fMinbesgost peisingcrspheiicey rétoo-udflecior 17
wherei n sai d honpgenj.zer is a fiber bundle. 2. The system according to

cl ai mé]&rceawébﬁwﬁl Wﬁ“‘i@rsa‘i‘dspli%%rﬁ?@ 23. The system according
to claim 17 wherei n sai d honogeni zer is tapered 20 14

10 19.  The system according to claim 17 wherein said arc lamp is selected from a group

consisting of a xenon lamp, metal-halide lamp, and xenon-mercury lamp.

20. The system according to claim 17 wherein said homogenizer is a single fiber.

15 21. The system according to claim 17 wherein said homogenizer is a fiber bundle.
22. The system acco;ding to claim 17 wherein said homogenizer is rectangular.
23. The system according to claim 17 wherein said homogenizer is tapered.
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