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COLLECTORwBAe/GRGEAND OF THE | NVENTI ON Fi el d of the | nvesdd/aiodstossss
The present invention relates generally to el ectronmagnetic radiation

collection. 5 Related Art (0002} The collection and concentrati on of
el ectromagnetic (EM radiation is well known. Radi o waves are
typically collected and concentrated wusing parabolic dishes. Solar
radiation is collected and concentrated using parabolic mrrors or

| enses. The forner devices suffer fromrequiring a relatively 10 high
hei ght -t o- col | ecti on afdEGCEROYMAGRIETHe IMﬂogf&(ﬁbL@%&%i ve, heavy
and fragile. Both these types of device also suffer fromthe
requirenment to track the source in order to function properly. BRI EF
SUMVARY OF THE BAQYERPPERCT BB ENHEN| nventi on seeks to overcone at

| east some of the 15 deficiencies in the prior art by providing an
EM radi ati on cdli¢ldefthafnvaptipn concentrati on devi ce which can cover a

| arge area, have a low profile, have no requirenent to track the
source and be con0flct ed ddie arsdndinyentioslrelatbs/genyrally glelectpragnetic

i nexpensive. [0004] There is a pressing need to be able to generate
ener gy from 20 radatenablietiemer gy sources. Sol ar energy i s one such
resource which has potential to be exploited. Conventional devices
for collectisng RediddoMit energy to generate energy in a useful form
suffer froma high capital cost and/or the inability to WD

2006/ 064365 PCT/ | {886£151003888 collection and concentration of electromagnetic (EM)

radiation is well known. Radio waves are typically collected and concentrated
using parabolic dishes. Solar radiation is collected and concentrated using
parabolic mirrors or lenses. .Tl';e‘former dévices suffer from requiring a relatively
10  high height-to-collection area ratio and the latter being expensive,‘heavy and
fragile. Both these types of device also suffer from the requirement to track the

source in order to function properly.

BRIEF SUMMARY OF THE INVENTION
[0003] The invention seeks to overcome at least some of the
15 deficiencies in the prior art by providing an EM radiation collection and
concentration device which can cover a large area, have a low profile, have no -
requirement to track the source and be constructed so as to be relatively light and
inexpensive.
[0004] There is a pressing need to be able to generate energy from
20  renewable energy sources. Solar energy is one such resource which has poteﬁtial
to be exploited. Conventional devices for collecting radiant énergy to generate

energy in a useful form suffer from a high capital cost and/or the inability to



2 generate nigh enough tenperatures to be useful for nmany

appl i cat i srs200bvec436vent i on seeks to overcone these def iRIRIBRIGHOINS
the prior art by providing a radiant 2energy concentration device
that can gather energy froma relatively large area and concentrate
it onto a small target area. The device is relatively 5 inexpensive

to produce, ?C]Q{QHP% epmg@tmaqgermg{or&%gé@noﬁ%qny%}hm@npot&nt' al to

gener at e tures or conversion to
i tovoltalc ce

el ectricit, eonI sl .ar ea of
cells, thd Veé’é?/’? %@g%té’é’tvercf’aﬁg’gie Afﬁgle?cﬁ ec?ﬁl o §¥ I%Bdn aat o a device
t hat can cover relativel e coll ections ar as at Lytl vely | ow
cost, doesadiait eﬂ%&%‘%ﬁa&mﬂ g‘a’ ¢ ﬂéatﬁﬁ‘t%af}ieé[:‘éergyl rﬁaﬁ%}?qve 3?@?
refractive i ndex, can be nade of ht caonstruct.ion and can
concent r atcaane cPRGENERLF BANErHH t%%@’feé {85 grvcedt wRivel0061 The
invention is capable of being | ess massive and having a | ower
profil & t haskpprsiverto gradues panestlight insanyavtionesd hpg the §°t811t§’(5t%apabl e of
havi ng high concentration factors. It is suitable in any application
where it igneresihighdarget teropdratates or] 5 theichse oficmmersian o Eddtneiditat i on, with
particular utility in the collection and concentration of sol ar
radi ati on. phbfovbltc caAB cre@firesmlyed sniatidiraataf o¢lls, thuslgwvingeostn - accor dance
with the invention can be used in conjunction with photovoltaic cells

or to heat apdobsy d t o MRS Bairs@ddab a@eEttalcan cavedagdtiveld pur pose.
In the case of radi o frequency radiation, the subject device could

be used tq,coLbRE ons! a@&xk‘ at r@l@ﬁlvelyzgwtdé&edcteg Bot REésBdrilPRquirdPRédaldn

exanpl e of the device has an assenbly of channeling areas that are

used tg, col gggﬁuﬁgﬁgan{emﬁ a&dﬁ L B8ad BiGioHERhstRMibAs@hon. Al so

di scl osed manu acturl ng the subject devices. WO
2006/ 06436c5c>ncl?egt%tle %123085’ ation o%%o a S1§gle target area.
[0006] The invention is capable of being less massive and having a

lower proﬁie than prior art concentration devices. It is also capable of having high
concentration factors. It is suitable in any application where it is desired to collect
15  and concentrate EM radiation, with particular utility in the collection and
concentration of solar radiation. In the case of solar radiation, a device in
accordance with the invention can be used in conjunction with photovoltaic cells
or to heat a fluid to hamess the solar energy for a desired purpose. In the case of
radio frequency radiation, the subject device could be used to collect, focus and
20  tune the radiation.
[0007] An example of the device has an assembly of channeling areas
that are used to collect and concentrate the incident EM radiation. Also disclosed

are methods for manufacturing the subject devices.



[ 0008] Particul ar enbodi nents of the invention provide an

el ect r omagv@006/0643c at i on col | ect or havi ng a concentr at i pOT/Ea0EBES38
for collecting and concentrating el ectronagnetic radiation and
directing it to a target, the concentration chanber having at | east
one inlet opening, the inlet opening having 5 a cross-sectional area.
The collector al so has a channeling area having an entry end for
recei vi ng t hefoedsict r onBgmietlacemtadingnisad thetientoent providadn havi ng a
cross- sectional area, an exit end adjacent to the inlet opening of

t he concentleatrbRipnetidradingsn collbctortaving a sbnoeneatios thaxtier e coldckinpet ween
the entry end and the exit end. The cross-sectional area of the

inl et openiypgcémestfthhg QbctidARdBndtRadidtRn SndSicdctifBko d frgt &l of the
entry end of the channeling area. [0009] O her enbodi nents of the

| nvention %?c‘éhﬁifgioﬁ MEEDL ol atGO §€lINDpaliRs tHeanREARhing ha@dg at i on.
The met hod 1 ncl udes channellng el ectromagnetic radiation in a
channel i.ng area, t.he n I I RV
recei vi r?g taklcé0351’s‘=éct(t:1f) ?%%%g'ngﬁ% J(::(ﬁlrg?e{gllr agt&} %ﬁg 'clgkgme;\%g 1(:?i Fggr%?lmgﬁg elgt? | east
one 15 reflective wall. between the entr j nd, the
entry end ﬁﬁ% %%éecﬁ“”r@r%%’g??é)&ag%eﬁlﬁ Ira‘gtarné)é’; tﬁé;% tﬁ@g g? ?‘gr}gnéé(\%x%sse
concentratin%_the el ectromagneti c r%%%ftion.in a _conce %ration
chanber, t HEStiond @iat #upitsRd EHASFHER BERichPeRRe PEREFO%HA™ 0 et openi ng
adj acent the exit end of the channeling ar&a, t he in$ t openjng
having &  chesbscudsl lswapraicasetvanall dFReet PhE DI aet Hestbe™hind
concentrated el ectromagnetic' 20 radiation to a target. The
cross- sect iTinatossipastions atem ef tha frdet opering in gmaller dga fegrossiigaiiontlhe
cross-sectional area of the entry end of the channeling area. [00010]
Still attheraremfdeienenewd affthe ¢henielivgamei.on provi de an el ectromagneti c
radi ati on collector that has a tapering el enent having an entry end
for receivingjoebgct r onsyheteinbodiacntabf tha jnvetenenivige amdthhdof ng a
central axis along a WD 2006/ 064365 PCT/1B2005/003838 4

collecting electromagnetic radiation. The method includes channeling

electromagnetic radiation in a channeling area, the channeling area having an entry
end for receiving the electromagnetic radiation, an exit end, and at least one
15  reflective wall between the entry end and the exit end, the entry end having a
cross-sectional area; collecting and concentrating the electromagnetic radiation in
a concentration chamber, the concentration chamber having at least one inlet
opening adjacent the exit end of the channeling area, the inlet opening having a
cross-sectional area; and directing the collected and concentrated electromagnetic’
20  radiation to a target. The cross-sectional area of the inlet opening is smaller than
the cross-sectional area of the entry end of the channeling area.
[00010] Still other embodiments of the invention provide an
electromagnetic radiation collector that has a tapering element having an entry end

for receiving electromagnetic radiation, the entry end having a central axis along a



first direction, and a cross-sectional area perpendicular to the
first direvob@aejpsses exit end having a central axis al ongeBIe6esAw8s3s
direction, and a cross-sectional area 4 perpendicular to the second

di rection; angs@dimefidn, BRINE@64siseioher@Pefpéndindart o telfst divsétiongad, t he
wal | bei ng capabl e of channeling the electromagnetic radiation 5

recei ved by t&?te?x@thﬁxyingggenhgl atxtkeakﬁ\% alse &R dirddiBn AR SR8 6éckioRAbredr €2
of the entry end 1is larger than the cross- sectional area of the exit

Girection. B %%"‘B%%%H ﬁﬁ% SRR RS raeSia Rl Blaroms g

d oth f eat t ]
Sonaren: ¢ oo BT RAE AR Ry b e BB e
f d enbodi f th t. | | ust d
beconpanyihg r%aéwg%%dge"me@% iR s ape ?fB%S a‘%%tm%%iafre 4o iy g
indicate identical, functionally  sim]|ar, or st ruc ral I
simlar el eme‘ﬁtk’éger[‘}E?G‘Glff?‘]"o5I37~°>§“d’r°éalf‘r"é‘H’é\t/boe eé‘rﬁe ﬁ‘iﬁhé S?‘PP“ irgotign is

enbodi ment of the. 15 invention; [00013] Figure 2 shows an exanpl e
of a second ewparahidne thefiirst Hisectiohyvent i on: 100014] Figure 3 shows an
exanple of a third enbodi nrent of the i nvent | on; 20 [00015] Figure 4
shows a cross-sectional view of fourth enbodi nent of the invention;
[00016] Fi gur BRIEF DESGRIPHONOFIHEIRAWINGS| vi ew of fifth enbodi ment of
the invention; WO 2006/ 064365 PCT/ | B2005/ 003838 5 [000171 Figure 6
shows a sixth ef@ddlinent Bfe fotsgoingansimthcs featuaeschnd advantages of the
10  invention will be apparent from the following, more particular description of

preferred embodiments of the invention, as illustrated in the accompanying

drawings wherein like reference numbers generally indicate identical, functionally

similar, and/or structurally similar elements.

[00012] Figure 1 shows an example of a first embodiment of the

15  invention;

[00013] Figure 2 shows an example of a second embodimt?nt of the
invention;
[06014] Figure 3 shows au exampie of a third embodiment of the
invention;
20 [00015] Figure 4 shows a cross-sectional view of fourth embodiment of

the invention;
[00016] Figure 5 shows a cross-sectional view of fifth embodiment of

the invention;



[ 000181 Figure 7 shows a seventh enbodi nent of the invention.
DETAI LED DESGR6PI3EN OF THE | NVENTI ON [ 000191 An exenpl ap@T/esrasdiosssst
of the invention is shown in the 5 drawi ngs and descri bed herein.

[000201 An exanmbgniof a deihfe shbwas GRIGHbESImeh &F thd@védhvendon has
an assenbly of channeling areas wherein the EM radiati on can be

internally refl qein) W ! BlglhetMBorbannekh Biinalifes of HiGphaone! | ng

areas are construct ed such that at |east sone EM radi ati on
that enters a broad end of the channeling areas WI II 10 be steered

wi thin the chgprelielHRERT NG HE NGRS OW end of the channeling
areas at a direction different to that which it entered The broad

ends of the chanfliong angase Ay asSGaRERbR LALLM SHIAGSL hat s

herein termed the collection's rontal s on
col l ecti ong sur.f ace amg esntber the broad ends of the channeling
areas. The® EMTERHIBSATOHSHE efi Bcted fromthe walls of the channeling

15 areas so as t directed tg e fromthe narrow end of
channel i ng ar ea§8002$’ni Sl é“ﬁﬁéﬁ’i‘@?/%éa éf?”céﬁ’s‘ifrc?rﬂ@"’ﬁl‘f’é@ thi mé%ﬁt,’ﬁnthas an

reflection point the angle of incidence of the EMradiation to the
reflecting surfsawblyiofchasadingeeas yherein thadiMaefliation cambuinfamplly refleetehi
is the case fora wde arc-of angles of the EMradi ation incident on
the coll ecti sithisuthd ¢hemndling prgass hhgeharmelingtraes afeicarstaicied suchuib at hat
they are nuch | onger 20 than they are broad at their broad end. This
provi des, in bestsomerbbDdie Fyhtadiation thetramlers alrgddeendfof trmpbanneling dreaswwll] s
of the channeling area thus fulfilling the reflection angle

requi renends bosteaedwinladdre chanmgbngdredsne exdeniarioM ehd df dicichannaliy #&as
The ratio of length of the channeling area to the breadth of its

broad end shogd AiNQic BG4S Bt Whith |t BRORE/ PRSE3R erfdls dLmb CRiMnMidpe
between 2 and 1000, nore preferably between 5 and 100, and nost

preferably befueaRe d8ermbleh BGomfh Si#H:8e hasih Q%nma #ERbRecBlon Qurtica gl €
channel i ng
EM radiation falls on the collection surface and enters the broad ends of the
ehannelirig areas. The EM radiation is reflected from the walls of the channeling
15  areas so as to be directed to exit from the narrow end of the channeling areas.
This is achieved by ensuring that at each reflection point the angle of incidence of
the EM radiation to the reflecting surface is less than 90°. A method for ensuring
that this is the case fora-wide arc-of'angles of the EM radiation incident on the
collection surface is to shape the channeling areas such that they are much longer
20  than they are broad at their broad end. This provides, in some embodiments, a
small angle of taper of the walls of the channeling area thus fulfilling the

reflection angle requirements for a broader range of incident EM radiation angles.

The ratio of length of the channeling area to the breadth of its broad end should



area and a typical path 20 that EMradiation m ght take within the
area. 1000DWodg@3ehannel i ng areas can be made of sol i d raavmroElooishat
is 5 capable of transmtting the EMradi ation that is to be collected

and concent r egfhblyheWdeh 2Wak I 500t Aidfe pr&thBIg bettvden FMd bl atd @est back
into the channeling area. In another "enbodi nent of the invention,

t he channeli oL ] af the
cavities ar eq’g%fg‘%@??e‘g{eg? Ea %rg?t%)i' %Zg“? ﬁgé@kﬁ%%éﬁbﬁ%ﬁf at)%c%iy\?lr?%‘%e 1,9% he
cavity. 10 [00022 . ' . [ I e narrow
ends of an 5?%@%%Fbﬂ%%pgﬁgg@%ﬁ#@gquggg%gggt§§3ﬂ3¥£gm€%%éther into
an area that is |l er an,_the area of the bro ends. gf  assenbl ed
channel i ng ar ea@.ﬁ suc gﬁhaé’%gaﬁlﬁlaé‘?as gande "E%f" Péiﬁ?{ét’?%?{‘a&&af Bct ed

over the broad ends area is conceqﬁrated i nt tge narrow ends area.
An exanpl @ ofc2pabiesofdrpettmgihe M radigiign thay 1spp gﬁ? legted grd ¢angerpsied n
particul ar enbodiment of the invention, the narrow ends of the
channel i ng aree@¥ibpals thet wilact dipfd mdiatiop backdplaibseshappsling asar fles t o
further concentrate the radiation exiting fromthe narrow ends of

t he channel i ngothereambodinfmeofithe myentiondbe dianneliag etsasare firmgd as easicppen
onto one face of the concentration chanber wherein the faces of the
concent r at i orwterahbenllasfehcayiiet ere ofpablefolf eflesting tROEMTediEidr adk titd on.
At | east one, and preferably only one, of the faces of the
concentrati orhchaitper is transm ssive to or absorptive of the EM
radiation with all other faces being reflective of the EMradiation.

The face 1@f thewgerpgent r 3k b emiolABALSS thdWabertion thaRGFIWSEIdY 8 &1
absorptive, termed herein the exit port, is the port though which

the concent r gt ednEMA-REREAORe S AR Bitleled iR MEEHIE 2da (RA idhslcbagh VO
20116/ 064365 PCT/ n2005/003838 7 and utililzed in the desired manner.

| one embodigEnly ond G &Pt BRlssdHihld dEelifiParefsMit 8flh ah ki ) aced

at the exit port. The narrow en I ng areas .

EM radiation collected over the broad ends area is concentrated into the narrow
ends area. An example of this embodiment is shown in Figure 2.

15 [00023] | In a particular embodiment of the invention, the narrow ends of
the channeling areas open into a concentration chamber which serves to further
concentrate the radiation exiting from the narrow ends of the channeling areas.
The narrow ends of the channeling areas open onto one face of the concentration
chamber wherein the faces of the concentration chamber are capable of reflecting

20  the EM radiation. At least one, and preferably only one, of the faces of the
concentration chamber is transmissive to or absorptive of the EM radiation with
all other faces being reflective of the EM radiation. The face of the concentration
chamber that is transmissive or absorptive, termed herein the exit port, is the port

“though which the concentrated EM radiation can exit the device or be absorbed



opening into the concentration chanber are configured such that the

EM r adi at imom2006%643651g t he narrow ends of the channeling grEa2005%003838
directed toward the exit port, . either directly or via one or nore

refl ections fr f ectlvefac S concentr.a nber .
An exanpl e of*™ gbﬁzeg m g&?rﬁlf?lbeuf%atnf‘%h%f %neﬁf'\t}@&]rqeﬂt ﬁ%‘é%ﬁ'téha%“t 12\,\;]&%

shows a schematic . cross-section of a portion of t d VIC | n Figure
3, the devi c@wiﬁbatwaésﬁlﬁ‘%fﬁﬁbﬁ’fe FgtE¥ka 61*2'60%&945&3%1? %’eﬁ?,ogand
narrow ends 140. A concentratjon chanber 200 has entr orts 210 and
an exit port 9PoEng jatahe LONCEHERRIN Chatpich e eordigiesd guch theﬁtg Myadighignn 22
that a beamof EMradiation.nmght take through the device. In an

al ternative ewiogitheermrowtends efghednnneiing enasch dindséad to@ard thregxitpatte an
additional exit port 230 at its other end such that any EM radi ation
whi ch is rsef |eitbtratiretarvib drieatr nendreBéctivhefron Heaeflactivé fapesalfgheber coul d
also be wutilized. This could add sonewhat to the cost of the device
but coul d sergséacen@atidn dimeb&a 2@ eixhdplebf such @ benfigufafioh Rtvdnrin Bigder3, t hat
the EM radi ation entering the concentration chanber is directed

toward the exitictPshotvs a\WktchRtial®ss-gREwvhl ot Pertidn bk @evivd. t1A Fagukedy the
profile, it is desirable to steer the EMradiation within the

channel i ng arRase $6Fhs chmaxﬁg@ea@lm@wmrwareﬂm 130%nt A& & 8ne 1b. t he

narrow end of the channeling areas -20 different fromthe direction

normal to t heAcf:g%xéeﬁﬁ‘:gt 091%11%5&96%}6%%6}/ g@ry 5210 aﬁ’tfgﬂ &Vﬁaor{tﬁbSA]ﬁ to

curve the channeling areas as's exanpl e Fi'gure 3. In a.

part I cul g € 8 n Wl%urfzgge%nﬂiggll lvgf at?x Y}?ihy%ganpgaﬁl\qq'acﬁ?ﬁﬂqg@ﬂ%{ areas

is appr oxi I’TB. 0 enhance

ranufacturai) i BL A0 LS OBt LU L et ety o
T B Sr D b R bR B8 por o
slots. In ot hu?hrlch is reflected toward that end of the concentration chamber could also be
utilized. This could add somewhat to the cost of the device but could serve to
15  increase its efficiency.
[00024] In order that the EM radiation entering the concentration
chamber is directed toward the exit port, while also providing a device with a low
profile, it is desirable to steer the.E.M radiation within the channeling areas such
that the direction normal to the plane of the narrow end of the channeling areas
20  different from the direction normal to the collection surface. One way to achieve
this is to curve the channeling areas as shown, for example, in Figure 3. Ina.
particular embodiment, the angle of curvature of the channeling areas is

approximately equal along their length to enhance the manufacturability of the

device, however this is not necessary for the device to function.



enbodi ments, the channeling areas are tapered in two di mensions so

t hat t hey wakes/o64365f or m of tapered rods, where the rodspcamioes/mbss3s
any cross-sectional shape that is 5 sustable for packing together at
high density. Byggmles Of, ehfelnbbaiRREAtsJE theGhviohli® the chsHhaligsareas are
rectangles, triangles and other nulti-sided polygons. [00026] Wen

the channel | Wb h?@ém% Bk Laitdafsid0 R Rfindy 2 RtofrR dBtapdred 8. In dher
g

accommodatin e curvature or the rods, maintain a. high packing
density for the broad. e : Lo @h&Rone Mianhaner: t he
strength of §H’%8§‘§1§Prﬁ31t§}eg&f%gﬁeglfngh%gscﬁgﬁaﬁgﬁ?%g areas, the chan%gt?i ng
areas can be assenbled such that each cha j é j agges ed
relative to it]?esé’ﬁ%iogﬁﬁ?fF‘gr.ogf’rVq‘greﬁ ﬂolla%fﬁn&re %g%}ocg‘?sﬁ%%%%ng% hf;#?i s aspect
of the invention, rows of channeling are are asse ed suc at
the channél i ﬁglta&?eefasP@chméé%af?&ﬁb%hh%hgieﬁ%“v:‘g’iaﬂfp‘feér% f‘f%g%a W Y cP?%%t
such that the narrow end of each channelin p}ﬁea i's between the
narrow ends @ﬂuwmren@n@mmamal@swmﬁw&ﬁﬁ% X885 in the rows
imediately in front of and behind the subject row _ By assenbljng
the channel i ng H082@ in tWhen theghaimeling agesdakefhefomgof fapered 945d@28nd of
each channeling area to curve into the space between the nei ghboring
channel i ng  af ea&®mnfodhtive; thowryaturt pothe raslk, maintaifity ghapdcking depsity for
channel ing areas to be curved while maintaining high packing density
of the broad gselsadénds Bethe birmAcingngaameienhanz® tHeGOORT of an dssenibdséfr abl e
to maintain a high packing density of the broad ends of the

channel i ng arigashagtelinb areas) kle@BhrnEngSaiéds 3erebes@sdnttadi wbietli ghest
fraction of the EMradiation incident on the collecting surface

enters a Cha’kggxgieﬂ%%ﬁﬁ s@g%récﬁrelaﬂ% toli@fakigRioesl 1haphrtic\IBr AARKHHES365
PCT/ 1 B2005/ 00 8 [ 0002 I n one enbodi nent of the invention, the

channel i ng ar gas, Slet of Gle i S th@dn, IV sTr CRRma R ltaaR AskekiBRARIAAEteNdS

are assenbl ecP_ i'n a‘packing arrangenment as i's shown in Figure 4,
where a top Vthee g%ag}clehtnrg]%re%ss 18116&35@1' r%g' arré)gﬁsepifrom the row in front such that the

narrow end of each channeling area is between the narrow ends of the neighboring

15  channeling areas in the rows immediately in front of and behind the subject row.
By assembling the channeling areas in this way it is possible for the narrow end of
each channeling area to curve into the space between the neighboring channeling
areas in the row in frontv of it. This allows the channeling areas to be curved while
maintaining high packing density of the broad ends of the channeling areas.

20 [00027] It is desirable to maintain a high packing density of the b_road
ends of the channeling areas at the collecting surface so that the highest fraction of
the EM radiation incident on the collecting surface enters a channeling area and is

not reflected back.



the broad ends of the circular channeling areas are shown of fset from
one anot hewo 26060643859! es are superi nposed on the view t opgbeNsobdR3838
rel ationship of the centers of the cigcular ends. This arrangenent

i ncreases packi n@odginsi t ymanelerdbdddmsnt SPme envehtn, the @hananipeidangrear eas
to be curved as disclosed above. Wth this arrangenent, a . nmaxi nmum

fraction of, LiguBr (PREGR¥ctiof @A thebrdallEndsRfd AeMblddadiaphd i's
collected. In a particular embodiment of this aspect of the
| nventi on, Chmgémgaﬁsiﬁﬁ%\fntﬁgu@e 4 Hh RO of RELRAIME Hows of

Cross-section aré use view of t rrangenment 1s shown in
Figure 5. Wt hi s _shape of ch i e t he
channel i ng ar%ggn%éﬁm%éﬁggg%g@m?%%ﬁkpﬂ%gg%%%%%%?go?%%@@gyﬂg%g&£ﬂl

incident radiatio enters the channeling areas.and.is us

ol | ect ed S NoT ErElfsAe ST HwoSTOUThERY © SHSWRE TR T o o Reptsor
possi bl e; but not necessary, for the channel|ng ,areas be 15 of
rectangul ar ci68§EcWda epilo Nl RARRINEFRERT INFRGRses Paékﬁ‘g [ensity Fm‘ie%ﬁ?ﬁlsg?cet he
channeling areas may be square or rectangular at the collectin9
surface but tfeeferchamsiing wepstobecureideg disgpsed rbeveadV iethiforangtitint fhe
channeling area toward its tip. [00029] Devices in accordance with
t he inventi onmaximunstedetibn pfv/2 @nlppiraatd0 i of ik ercislemvediatiings collected.
concentration devices have been used in the prior 20 art, in
particul ar solnarpartitdiadtinbstimed of il apdct efjhemeyntivadihatreting arexsawitt £s  of
such uses particularly relevant to the collection and concentration
of solar [@di @uk@Rr AcRnglle di@abeckibhih@ usddl Qo tvicngofichis atiglyemertube or
pi pe, to generate electricity directly using photovoltaic cells or

to produce hy&w%{lpifgﬁfah@. Wetie this ol rlchadheil}real 1y 8FJall @RdsAShe

particular utility in the application of producing electricity using

WO 2006/ 064365, B¢ %%%99%@?@&%% sutf) tRPAbOME b, 6 8 lidcTaedralitati | OWS

the light to be colfecte m an extended area using the relatively

rorativel y. st B S Piie BUE B RIERAIEORCRBII BT bt OB RER ot 1 .

Thi's shown in Figure 5 it is possible, but not necessary, for the channeling areas to be

15  of rectangular cross-section down their full length. For example, the channeling
areas may be square or rectangular at the collecting surface but then transition to a
circular area as we move down the channeling area toward its tip.

[00029] Devices in accordance with the invention are useful in
applications where EM radiation concentration devices have been used in the prior

20  art, in particular solar radiation and radio frequency radiation. Examples of such
uses particularly relevant to the collection and concentration of solar radiation are
to heat fluid circulating through a tube or pipe, to generate electricity directly
using photovoltaic cells or to produce hydrogen from water. Note that the

invention has particular utility in the application of producing electricity using



potentially allows electricity to be generated at | ower capital cost.
Al so, thi svd268ub46s addr esses deficiencies in the convenpeonshoanssss
when attenpting to use a concentratornow th photovoltaic cells. Apart
from expense J.: i ! f :

el atively | oesiRPhs Hnp OME ARk PBPIILEK) OB idkleRicdarallng

t he problem of the. phatovoltaic .cel over.heat j and. becom n | ess
efficient. Th efa%v%&:g%pgghveﬁgy}ge %gitg%m(‘f%‘rﬁlgléﬁ dr%%ic%’rt]r a¥ealc§notro $ gFor
exanple, for 10 a panel according. to the .emhodi nent own.in Figure 3
that is two nislavey F@ﬁ%afew)? e Beletigsly FWBPY%FW&%’E Barshéq‘éfxi s of its

l ength, running the full width of the panel and 2 nm high, fhe
cal cul at ed copiertiallyelloyys slegiiciy tq e seperated ahlawer cppifal gopt. é%ﬁo‘aisment as
shown in Figure 3, the photovoltaic cells wuld be placed adjacent

to and fach ngdevire adstessepéaficieneiorin therenvantienabhag whex atfompting freyse 3f
photovoltaic cells is 15 in free space rather than against a surface
such as a roofonasntenmdthpboabdltaidrells. Mesparicfameeipanselrod swighbltd onal art.
In this configuration, the back of the panel of photovoltaic cells

i s thus easil yponaearaslideliecs saffechdn redptivelgiey sancéntatiod faotoedofgatally

si nks, pads onto which water could be dripped and evaporated by

anmbi ent air g th&NiGandke BbhleH of GRIphHgvelRi eBSove2Ratli0dBtconihgw
profile collector and concentrator is nost desirable in applications

for radio freguentyiedtRThe rRehiRhicOMhavk RighREK@n@didh iftfcadrt. 338 exdnlpie, @RVI Ce
could be used to focus the RF radiation onto an RF receiver. Al so, by

careful  ¢hoi Qﬁan%f ?cg&glég'ﬁs i $h®0&. 2kt shBen HNARNREE NG isah B8 Tstert PRg

subj ect devi ce cou to tune the collected RF radiation to a

frequency that.gcan he r i i
PCT/ | B2005/ 00EBE eﬁp%@&?“’f“?g HEHE of ﬁ%irel‘%‘?\é\%prﬁgg@{e %‘gflﬁg@? ot an be
used to tune the RE _.radi equires

a smal | er andpaﬁﬁlraéldgdgﬁnl}@gth;’ ﬁ%lcéﬁg%ﬁ%&g}{g %Figlr];egast%yﬁg%%l%i?’ﬁgr énu bj ect
devices can beeml?&l&inelenl%%s ) ré nsullJ | }gglglfthg%hgtg\gdltay}:eells would be placed adjacent
to and facing the exit port, such that the back of the panel of photovoltaic cells is
15 in free space rather than against a surface such as a roof as would usually be the
cése in the conventional art. In this configuration, the back of the panel of
photovoltaic cells is thus easily accessible to cooling means such as ﬁnngd heat-
sinks, pads onto which water could be dripped and evaporated by ambient air
currents, or other cooling devices.
20 [060630] A low profile collector and concentrator is most desirable in
applications for radio frequency (RF) radiation. In these applications, the device
- could be used to focus the RF radiation onto an RF receiver. Also, by careful

choice of the dimensions of the channeling areas; the subject device could be used

to tune the collected RF radiation to a frequency that can be received more easily



channel i ng areas can be solid elenents transm ssive of |ight and nade

from5 mawwas b@ksesSch as pol yners or gl ass. For these sopdEhlb@&iRa:s .
the walls of the el errents can be coatled with a reflective material

or the I efragll e idery Qahe md B RS Bl bRy RRRD RENHiad o ¢

cases the in e re ecte f

t he el enent xeesthec i cal an so,that t taI i nt

reflection g’&ggﬁlf ‘?q“??ﬁyswé‘r?%éecﬁuﬁﬁsnat S%ﬁ’igr BEIRY ?ag mgﬁ?gﬁﬁfcﬁ%er'ease
of fabrication but can 10 _alsq tend to bhe hea Thi. s, enbaodi t
coul d be const #8034 by %&‘ﬁlﬁ‘l‘tﬁ?ﬁ ?V‘??écaWﬁVdS\(’éﬁ%f‘%ta‘élﬁ&‘eé}%gﬁg?l ng

theminto arrays as disclosed above. The hroad _ends can be cl anped
or ot herwi se chemglingryeasican basplid ejeepty frapsysivsfof {ight and medafA®@nt shown
in Figure 3, the narrow ends can be set so that that they are

mount ed i @ armlat@@&seauphasa»caéynpﬁraoreglaSha‘forfthﬁswlldw@mﬁprﬁeﬁﬂewﬂﬁ aktde of the
concentration 15 chanber. 1000321 A particul ar enbodi nent is one
wher e t he chatunenisrgn be easedarvith a eledtive estefidrartie refnacsiverodet ofthe ¢ bl ock
made of metal or polymer material. This may be sonmewhat harder to
fabricate butmatérial cdibel sughhthetin nfdstoatdl aigk indideniaapld aitthe!EMNIG be éfRected
enbodi ment is to forman assenbly of curved elenments, for 20 exanple

tapered el engois,walld?Mheeldhdnk &abE® (WK EEA ahgls HEha PG taC DRRRII réflectiinckel .
The assenbly can be one of individual elenments or of rows of elenents

formed into copbSTMEHERAGH htARRIEE £ SIRR! in Gsdof QRN W cide

comb. Each comb forms a row or portion of ‘a row of the elenents and

the "teet '6" % {50t tﬁBQﬁéa T hi§ E&B@éﬁhﬁé&g&l?\é@ V&%wg‘%{é‘%%gj%ﬂ?l&’mﬂ{ €

staggere |ve the arrangenents s 365

PCT/ | 82005/ 00n§ emlerzltsgh%%lssgrﬁbhng(%%et 5mtoBaerI L& dsc'l J38q &% gg nﬁfe%?% dnt 0 an

array, the el'&l s can rarg or “afready curve
oo e b e R R BRR B Rk Sy SRS Y ©f e
embodiment shown in Figure 3, the narrow ends can be set so that that they are
mounted in and penetrate a plate that forms the upper surface of the concentration
15  chamber.

[00032] A particular embodiment is one where the channeling areas are
cavities formed in a monolithic block made of metal or polymer material. This
may be somewhat harder to fabricate but will be lighter. A method of
manufactgﬂng this embodiment is to fori an assembly of curved elements, for

20  example tapered elements, from a malleable material such as copper or nickel.
The assembly can be one of individual elements or of rows of elements formed
into combs where each tapered element is a “tooth” of the comb. Each comb
forms a row or portion of a row of the elements and the “teeth” of the combs of

successive rows in the assembly are staggered to give the arrangements shown in



i ntroducing the desired curvature. The assenbl ed el enents can be held

in their Svasemwmbiysby being clanped into a frane or ot heCcTssawni/ansss
devi ce. The curved assenbled elenents2 in conjunction with side

wal |'s and, ifrigaRgy4 &ad! Boford btiBR aatBklbIed intdaSeray ABoclbReds b besedights a
nol d for the frnal nonolithic shape. The shape with the desired

assenbly of C&‘éh&dd?%u&@@ ﬁ)@nef%n%% apé’sn%%)ﬂt ﬁlBEJ dafi Bbb&sdEsepthe 1t MaYy

be cast by pouring polynmer into and letting it set or by

|0 ectton Ol ALAGIG e {}&Wéﬁ%oﬁ}a@d&mr&s B89k ool 881 TaDI € Lo

coat the nol d a suitable ease agent to facilitate renoval of

t he nol d el enent a Af t
the mol d ol orBGeig e geeF egcmg AR asChh el il §RPbe RIFREMP B2
by first renovi t he cas e f th d/
bgse t hen %ncﬁsﬁfﬁ% By bains %‘g p’f’tf? a&%%loéfe’?@ﬁrtsém%aﬁdlewg?% “r‘feﬁgman o
separately or 15 n roups.as i s nost,_conveni e t I

thgt in m%st %‘@ﬁsréléedt e%gﬁ é’rﬁ@ﬁ;c%ctwnl“ﬂﬂwédé\émﬂ% ‘b‘fe éﬁ?‘é&&%éﬁﬁm‘”

somewhat to be withdrawn fromthe cavities so it is desirable_ that
the material Yasoeimwhiebe tsaé as apelddar & Epd mogolithis shange The shapa™iBabl e
so that in can undergo the straightening process wthout breaking or
di storting t hibe dévirpbassémilpof critics yarftregmelddei tytany epplisatdemethodi Emevawn.
This process 20 results in a cast shape that contains an assenbly of
densel y packest aastiby@dyring mpistmer gnto tiemgpld andi lethiegit settve be injectine motdieg
ends of the cavities all open onto one face of the shape and the
narrow enps Okchnhes auithib pdcah bt iofeRaONtDsiavd iid esid i f anitaldé  t he
shape. WD 2006/ 064365 PCT/ 1B2005/ 003838 13 [00033] If the shape is

not cast fr OrPe@Qselag&{tltdWﬁbm?aké ¥mioeflloe ik metd sBheltd Rbm tislak sisperetfel or
nmetal filled polymer, then the external faces of the shape and/or

the walls of th@@aspﬁx\é#é isSet tE@xﬁoltdQlel?&nﬁQ% BeMbldd. anisahh %fost M8y Byer.

For polymer nateria his is nost easily achieved with an

el ectrol ess nﬁhl%l/edqg’%a' réﬁgﬂng HRC&? Shape from the mold side walls, top and/or

base then unclamping the assembly of elements and removing them separately or

15  in groups as is most convenient and practical. Note that in most cases the
elements will need to be straightened somewhat to be withdrawn from the cavities
so it is desirable that the material from which the tapered elements are made be
malleable so that in can undergo the straightening process without breaking or
distorting the shape of the cavity from which it is being withdrawn. This process

20 results in a cast shape that contains an assembly of densely packed curved, light
guiding cavities, wherein the broad ends of the cavities all open onto oné face of
the shape and the narrow ends of the cavities all open on to a different face of the

shape.



5 such as electroless chrone or nickel deposition. A further

t ranspar enwoeamstosasgs coul d be applied over the reflectivectoiingssk
desired to protect the reflective coasing. The nol ded and coated
shape can then t{@oo@@ﬁe bl gehd dRbi ian@@hdt BGMQn iAtAdsicaApeRsttivanhtenal
device by nmounting the shape in a box with a reflective internal base
surface when [ Qg Af 3k Of mbdienIRE ?B@m%ﬂ HRn W &heridl @cBPsIBYEHapdmdapen i s

spaced 10 apart fromthe reflective base of the vox. The base of the.

box and the | quetf 86 e Ritidsldt SRRGaIGM b R ARGaj PP S Of

the concentration C er, where at t of the box to which the

narrow ends ol lhg &R LG8l SaltVel G dn cRof e AREN 1BEsiBh process

transm ssive B‘S erves as the exit port. f

transm ssive terjal .such.as gl or clea I r_sheet ¢ be

pl aced over t F¥has glepiles Cil]rgmﬁl"?%? eiflep&slﬁg?i éﬁ%@’ %gg PREITKP rl%gs t hat
forms the collecting surface in_order to . faciéitate ckea %8% and
prevent dust, cenld be anplighewt tereflactin coptingf deed inaroiegdhe rcﬁ 34] An
alternative nethod for collecting the EMradiation to injegt it into
the concent r acoasingcKaemelded andicgaigd ghage eanrthabegpsembledgpte aptectargags
the light into a series of spots or slots in the top of the

concentr at i oncotvantzgion device hyenevmiag the shapt ima Bexovith & redlegfpreipigmalhasg or
shape is parabolic in the plane of the slot and normal to it. In the
case of spot s surfdee wiren theface of thp shape frty which #realaobvends epen-isTypaced| ot s or
spots are arranged to be at the focal Iine or point of the m nor such
that EM nadi apdrofforh &fdetdécede st of the Lo, roe bae « tHestoannd giellgwer face
concentrated into the openings in the top of the concentration
chanber. To al} @M’sﬁa%% ticlinfrb @ @Btopangbas 00fhe EbA IR0 GhAMEES Gbhere at the
PCT/ | B2005/ 003838 4 radiation incident on the mnors, the mrrors

can be rotat ed,2DAHL bd@ihidHAE@harol¥ids S th®dvitles SteGretB@ls thdépehiagus
of the light remains co-incident with the openings in the

concentrati on opﬁm&i{sivefa‘oﬁﬁﬁyh SPRENRMSHRIGRR. RhEQO hAhigsRleat | on

wher eby a signal, Ich™cou e the output fromthe EMradiation
target or fr OMaterial such as glass or clear polymer sheet can be placed over the assembled

15 - array of broad ends of the cavities that forms the collecting surface in order to

facilitate cleaning and prevent dust, dirt or water from entering the cavities.
[00034] An alternative method for collecting the EM radiatiop to inject

it into the concentration chamber is to use a series of mirrors that focus the light
into a series of spots or slots in the top of the concentration chamber. In the case

20  of a slot, the optimal mirror shape is parabolic in the plane of the slot and normal
to it. In the case of spots, the mirror is optimally a parabolic dish. The slots or
spots are arranged to be at the focal line or point of the mirror such that EM
radiation reflected off the mirror is substantially concentrated into the openings in

the top of the concentration chamber. To allow for different angles of EM



5 a separate sensor, is nonitored and the rotation of the mnors
per f or med 80 2808/064365 maxi m ze t he anount of EM radi ati on popaeinsi@ssige
target. [000351 In another aspect of tihe invention, the concentration

chanber can R@iaA&SIneieH of®hd Mtord, IR nhif¥RIcal Be@tdd bbet thaPfedltlingt | on
chanmber slopes from the non-target end of the concentration chanber

to the target %ﬁ&ﬂxt s¥¥hithat o Sls QP the 1136 BRaRYEinc iRkt it BpGtes @Nd has

a |l arger height than the non-target "'end. This assists in mnimzing

the number of ¢ @{u]llec%x&ﬁu‘r%gghatn'{b%? AL SubBHUE R icﬁl ;Sé?f%nn%}?&%ﬁ@%ati on

chanmber beforet ration 1 npinges on the target. 36] In

anot her aspect., the openi inthe to t ncentration anmber
can be desi gn&HETERYc S’E’Wgtwqg% Ctoﬁléibgglbeeou&“?{}ﬂ%ﬁ%p%@i rﬁdatf%at?ﬁgts rﬁf'%%}‘om
the 15 target a flap is attached, that hangs wn.into the .
concent r at? on? Se@ﬁ’é%&?ﬁor’ﬁ?’gn‘fqrﬁlpang% rﬁ?t‘%’b"fgg? g Pfﬁé”@ﬁﬁl F4Hit i on
entering the concentration chanber. to shallower angles such that it
is nore |ikel Pa¥igigeips srpembaf EMdadistiogdmpagtipg ths 9e¢duced nunber  of
reflections in the concentrati on chanber and hel ps to prevent |ight
that has enter &P0Bfle conleanethenasenst effibmibemtipp.dhs tacenirafionehambeough
the other openings in 20 the top of the concentration chanber. The
openi ngs i n t ¢ bedpsigfedish that tha dever fast bbthe caisemisgipn claamtgesigpgsdrorm a
solid elenent or alternatively they can be areas of an integral

sol i d el ement tht hai-taaget edd @hbpamesnitration dhivabdritd thadirgdticod, witt théislopeher
areas of the elenent being reflective of the EMradi ati on. For
exanpl e, the b9 Lkh iHhehe CORL e #a8 kilaper Ghightikin iaRobRrgt el SThiOr

pol ymer sheet which is selectively coated WO 2006/ 064365

PCT/ | B2005/ 002838 in hmiiidy, e hihbee 6f leflbtiofAhhtNge teQuiddgAsheOt her than
those form ng the openings to the concentration chanber. In this

embodi ment, t fgcddndRsh GRMILE: Rk the¥81 [4iARS BlpindB LR tHahreBtl OL r udi ng

into the concentration chanber or they could be forned as the back

surface of a bulgfa theofalaofdie ok UERRL ALWp SABSLMRES L he

chamber can be designed such that on the edge of the opening furthest from the

15  target a flap is attached that hangs down into the concentration.chamber. This flap
helps to deflect the EM radiation entering the concentration chambeér to shallower
angles such that it is more likely to impinge on the target with a reduced number
of reflections in the concentration chamber and helps to prevent light that has
entered the concentration chamber from being lost through the other openings in

20  the top of the concentration chamber. The openings in the top of the concentration
chamber can be gaps in a solid element or alternatively they can be areas of an
integral solid element that are transparent to the EM radiation, with other areas of
the element being reflective of the EM radiation. For example, the top of the

concentration chamber can be a glass or polymer sheet which is selectively coated



5 surface of the bulge is coated or otherw se made refl ective, and
t he front woitdosoesss{t hat closer to the target end of thepcT/B2005/003838
concentration chanber) is transm ssivesof the EMradiation. [000371

Figure 6 is awgh@sneed dafinSaReanbhe N tBbke deRiifd he bp@ses tadpect s.
In this exanple, a device 300 has focusing mnors 310, slots or spots

320 10 onto whi-eh:4ibE EMUeAdh il OBbdSmiRGHS B5hs cbhiaRgN B4BaAnet he back
edge of spots 320, a target 350 for the EMradiation and a sl oped

oL e, SRS ORI 30, Bh Bppdg ho

the EM radi ation e target er‘'to a

di fferent incident angl.e f. i.ation_on t m.LrLor , the
m nors 310 ca ac%esuﬁ%:&g)f ¢ %uggfngy%{ogggglﬁﬁo?ﬁgﬁu%fl Sgag?beﬁgi ﬁ’%stﬁeot?a%‘&
focal lines. Alternatively, the whole device can be ratated such that
the EM r agi afyrHse B’?‘gggwﬁé’sé%t?ﬁ%rto 15?183“&%%‘?&%’1‘{84 aé‘dgt?a%"r‘i‘gsﬂﬁﬁ%r s
310 or a conbination of rotation of the whole de\si_ce W th, roé‘sti on
of the indivi Gbaficlaserieths target end obhS sanceptFEPRFRMPED [i§ TSR OB t he
enbodi mnent shown in Figure 6 is that the rotation of the parabolic
mrrors in anEdbigdiben.cl ockwi se direction (as 20 drawn in Figure 6)
can be limted if the bottomof the mnors collide with the top of

t he concentrati d#003ARnber Fighied ieh frost-seofion sehandticwhickt depistsithest hat  t he
range of angles of light incident on the parabolic mrrors can be
limted. Spechdpeaal Inyhisexampgaeledon’dogus atchdmnsmirght 10aslosenepasiile
greater than normal to the plane of the mnor tops cannot be focused

onto the eqtr yapeibidhghé BM fagiaGaric &thded] fl:ph 3e0anihe badiodgoOo61,o684:365
PCT/ 182005/ 003838 16 as it cannot be made to intersect with the

concave par ablotL3Rus 2858350 foRhBTEM Rlliation ShdQVIpe@ IRver Blce 350 bRAST
aneliorate this limtation, the back surface of the mrror

structures c aﬁ?xkﬁnt’?a%mn%ar 35 thi nep {oSfifect hOBM hBighi 0l Rt SRS

past the normal onto the concave surface of the parabolic mrror

behind it at %Ue i QFdef & al]%WoxediﬁH%K't incident angles of EM radiation onto the

mirrors 310, the mirrors 310 can be made to rotate around their focal points or

15  focal lines. Alternatively, the whole device can be rotated such that the EM
radiation presents a constant incident angle to the mirrors 310 or a combination of
rotation of the whole device with rotation of the individual mirrors 310.

[00038] A potential limitation of the embodiment shown in Figure 6 is

that the rotation of the parabolic mirrors in an counter-clockwise direction (as

20  drawn in Figure 6) can be limited if the bottom of the mirrors collide with the top
of the concentration chamber. The effect of this limitation is that the range of
angles of light incident on the parabolic mirrors can be limited. Specifically, in
some configurations light at some angle greater than normal to the plane of the

mirror tops cannot be focised onto the entry points to the concentration chamber



5. that the light is then focused onto an entry point to the

concent r aky@hoogligd3ber. In this aspect, the back surfacepdfig2005/003838
preferably a flat mrror, at |east ovgg the portion upon which |ight

incident at thejt pambt feahdBlo MRGLSwiOth Gorfc@eBeBolinRIrAGEst a iRk, i s,
the required portion of the back reflective surface of the mrror

structure is g} oRercGROSE ANlasPRRBrKShANINMALESE tHeRAck AFTHEPE thé hRdr

angle. The mnor structures can be 10 rotat ed in a clockw se

di rection (as gfaun. J. bﬁ&me&s@s b %fggg%ggamaﬁ af a‘ngmq pétk thedfofh@r ent

i nci dent angl es past the nornal are onto an ehtry point to
the concentratiqn chanber. on hey ,hav d C f e
concave par abgreare ST aguress Of i MRS o eiRai e LERL AR hOEMAT
al ternate enbqdi t, .to neliorate this.limtation the parabolic
i nors cangbe?}ﬁfé{ggahtd? @g%?"cf’%?ﬂé’f’?‘?é’?’,e“%%ntfghﬁgg?cggg?tWQ cgﬁrﬁé‘%gﬂ t he
cross-section of the entry area_ for_each channel. This | | ows the
base of the pg}lﬁﬁg?q%dhf‘rﬁ%%?‘gchs igpuefprably @ dlat wprogat feBStiOHErrtg%B%mf’%e gap
bet ween the base of the parabolic mnor and the top of the

concent r at i onupdTayiel light ysidest a thenastangpal ppglestin be fogpsed Empinges Ahaton
that enters the channelling area through the entry area inpinges on
t he concave six fiaceuotd pivgorpefithbbrck ceflectivesnriactiob theaifpestagsels gbdp

bet ween the base of the parabolic mrrors and the top of the

concent r at i onceBanbmigleatlhtbvesto theaneiilandlightangld dhe otimorstutureskharbd n a
counter- clockw se direction (as drawn in Figures 5 and 6) such that
a | arger nangeotfttd angieiwisedireaidh &dsidoawn in Cighend; ioensiihahanighyait o t he
channelling area can be directed toward the exit of the channelling

area. WO 200642RA36mcident/ahBeOe( HOR&3A1 ard foc£2A088]anfkh@Ypéintlioithe a
cross-section schemati c which shows such a variation of the exanple

shown in Fi QUE&GcBntraliBn Elintbel BhdcAhdyive HRA Y BBA FoMQhe SHoavelfAgholave a
back side adjacent to a slot or spot 320, have a rear reflecting

f . pot. _ el ect
Zglfoi ace g;ol Iggﬁat%e {)ﬁt&é %%§1MMﬂg%m9a 1haR Rt APL S Rimii Gh 1S

ameliorate this limitation the parabolic mirrors can be placed closer together, thus

15  decreasing somewhat the cross-section of the entry area for each channel. This
allows the base of the parabolic mirrors to be raised, so as to increase the gap
between the base of the parabolic mirror and the top of the concentration chamber,
while still ensuring that all EM radiation that enters the channelling area through

the entry area impinges on the concave surface of the parabolic mirror. The

20  increased gap between the base of the parabolic mirrors and the top of the
concentration chamber allows the mirrors to be rotated further in a counter-
clockwise direction (as drawn in Figures 5 and 6) such that a larger range of angles
of radiation incident on the entry to the channelling area can be directed toward

the exit of the channelling area.



5 onto one of the focusing mnors 310. Reflecting surfaces 370 can
i ncrease whe200806u38 of EM radi ation that eventual |y getgcginesioaskss
into slots or spots 320. Simlarly, the upper outside surfaces of

concentration cpabey330riga8 71ea S6AREGionlsthehili 88lcn EhbvAdbALI on onto
reflecting surfaces 370 and/or focusing mnors 310 in order to

capture even 0 n
limted to th‘ggg ove- escrﬁ)L%govg)]ggln%gggé 1r1et?T;‘go ?%ﬁt%c%é 1‘1%9%10
apparent, bas on t.g one i nar il t he
APt hat | many e R Bick a0 b 0 R AL Rl SRR el o
wi t hout deparftj.n and e, t her 8.. CLA 1. An
el ectr omagnetﬁ? gﬁ f‘%ﬁsﬁf%ﬁa@gﬂka}nﬁg}p g‘f@ﬁf‘] O%B?feg%ﬁé‘ghga%%@?al ity
of parabolic reflective |louvers, the Iouvers arranged in a
paral | el arr a0 o%HrtRs facusingmingmAdP- Reflestag W’g 379631} freaetthand
concentrate incomng radiation to at |east one_ receiving el enment

posi ti oned t opEEbeiEMrardbation ilas gyeniitaby e¢tadiregted difo sipts origeotg §2&4 em of
Claim 1, each |ouver having a concave front face, wherein the front
faces are orSisiedy theuppeseutsidediurfacss bmm@.tratimechsyib@le&iﬂ@n @ stiaped]
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8. An el ectromagnetic radiation concentrator system conprising: a
plurality of tapered reflective channelg arranged in an array to
capture and concentrate incom ng electromagnetic radiation, wherein
each chan El nprises an inlet, an outlet, a transit Ilength, and a
reflectiv§ ﬁﬁﬁgr surface, wherein the transit length is at |east five
times as great as a breadth of the inlet, and wherein each channel

i s curvedl-al ondjn plegromagpesic radiasiny concentigier sisiem qobverisinglt | et s of t he
channel s converge in an area smaller than an area of an equal nunber
of inlets, suchplutaigtoftpa@bslnetictenoevedd, tHeheuvektter Srreids @5a bhralel Bay,
I ncom ng radi.ati can.exit. the concentrator systemw thout bein

ref | ect od" i GALHOBREE BBRRF HESHAE GG POFEAYE HICORIE TIEHG; A at leat one
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radi ation entering the inlet.

2. The system of Claim 1, each louver having a concave front face, wherein the front faces

are oriented in a same direction.

3. The system of Claim 1, wherein the electromagnetic radiation comprises light.

4. The system of Claim 1, wherein the receiving element is an opening into a concentration
chamber.

5. The system of Claim 1, each of the louvers having a focal line, wherein the louvers are

configured such that each louver is rotatable about its own focal line.

6. The system of Claim 5, wherein rotation of the louvers is coordinated.

7. The system of Claim 6, wherein rotation of the louvers is adapted to permit concentration
of the radiation at the collector during a period of time in which a source of the radiation is in

motion with respect to the concentrator system.

8. An electromagnetic radiation concentrator system comprising:

a plurality of tapered reflective channels arranged in an array to capture and concentrate
incoming electromagnetic radiation, wherein each channel comprises an inlet, an outlet, a transit
length, and a reflective inner surface, wherein the transit length is at least five times as great as a
breadth of the inlet, and wherein each channel is curved along its transit length such that the
outlets of the channels converge in an area smaller than an area of an equal number of inlets, such
that the convergence of the outlets causes that no incoming radiation can exit the concentrator
system without being reflected at least once along the transit length, and wherein radiation

exiting the outlet is concentrated as compared with radiation entering the inlet.



