ELECTROVAGNETI C RADI ATl ON COLLECTOR BACKGROUND OF THE
| NVENTION Field of the Invention [0001] The present

WO DWent43en rel ates generally to el ectromagnet i BCT/1B2005/003838
radi ation collection. Related Art [0002] The
col l ection and concentration of el ectromagnetic (EM
radiation is well known. Radio waves are typically
col |l ected and concentrated using parabolic dishes.
Solar radiation is collected and concentrated using
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area ratio and the latter being expensive, heavy and

fragile. Both these‘;éﬁes of device also suffer from
theqyﬁﬁﬁﬁpgﬁﬁﬂFTFB"%F M he source in order to

function_properly. BRI EF SUMMARY OF THE | NVENTI ON
[ood%?i?ﬁ@—#H$QW¥ion seeks to overcone at |east sone
of the deficiencies in the pricor art by providing an
EM r adl®P1lon colTheptepan inyprioasplaengmar Ylbﬁ’ ARATPERERHF ch
can cover a large area, have a |low profile, have no

r equidistipsyrelleationr ack t he source and be constructed so
as to be relatively Iight and inexpensive. [0004]
PherReldtgd Artpr essi ng need to be able to generate energy
fromrenewabl e energy sources. Solar energy is one
such r @902y ce WThe bolltatorpaidebiideatration of electromagnetic (EM)

radiation is well known. Radio waves are typically céllected and concentrated
using parabolic dishes. Solar radiation is collected and concentrated using
parabolic mirrors or lenses. ‘Th.elformer 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 Acollection 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 potential
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
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to be exploited. Conventional devices for collecting
radi ant energy to generate energy in a useful form
wenfobee64365 om a hi gh capital cost and/or the i neti/iB2095/003838
t ogenerate nign enougn tenperatures to be useful tor
many applications | tie invention seeks to overcone
these deficiencies in the prior art by providing a
- radjiant en (o ' , n,gat her
ecfile B R ERAGROL O -0 PP alylRBTLE8 TE0 1
.onto a snmal| target area. The device s I ] vel
inp S SeAkT eSO Birse e n A ol By BENEISELY
and has the potenti al Eo enerate high targetll
ragianl;sBFIgY GPREEntEtion Aeyigepat can gathyy e%%)(/g?@iadﬁl pey faree
el ectricity by photovoltaic cells, .require only a
aregnad|copgepate ft Oeg’l 3 snallitprget agesy (THE 00 S T91B896%]  The
invention is directed to a device that can cover
inexgiengiyatelpyodugg, gen kedightintconsimichenand has thegpientialé? v | ow
cost, does not necessarily require materials o
gemamate high target tefpaxatiniey er, imtie xase of corlyersipade eledtrififyht
construction and can concentrate the radiation onto a
pHvitdvgltfic telsgrbuity @y a §d06da ofeells, thuesdvimgecosts capabl e of
bei ng | ess massive and having a | ower profile than
P6005] art CPHRGAVEhfied isAitedl@MoGRRvict that Ganabed rlapabl e of
havi ng hi gh concentration factors. It is suitable in
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concentrate EMradiation, with particular utility in

oit}QﬁcCBL {e%x%tiﬂ:?ncﬁg a6 BRGRAL 6AIhPELnHructiBh 8hd E2ad1 at i on.
5 THe case of solar ra lration, a device in accordance
Wi th ipvent i on ¢ in conjunction wth
c%m%$%%3ﬁ%%?%§%éIﬁ%agﬁgggﬁﬁggﬁga fluid to harness the
S r. ener f.or a desir rpose. In.the.case of
r ﬁﬂ%&] fr quﬁ‘ﬁdg}vef’ﬂﬁ'? ’étcf‘%aﬁg (’?K’g% fﬁgf BaPE&T g%vm Ul d be
used to collect, focus,ang tune th? radiqiiﬂp..
lower profile 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

- and concentrate EM radiation, with particular utility in the collection and

cbncentration 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 é desired purpose. In the case of
radio frequency radiation, the subject device could be used to collect, focus and
tune the r;adiation.

[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.
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waeonepassat e the i nci dent EM radi ati on.

[0007] An exanple of the device has an assenbly of
channeling areas that are used to collect and

are nethods for manufacturing the subject

devi ces.[0008] Particul ar enbodi nents of the invention
provi de an el ectronmagnetic radiation collector having
a concentration chanber for collecting and

coooes)t r at i Bartiehlecnrodepnistaf thenpctintien pmvigaan di rect i ng
it to a target, the concentration chanber having at
cleB@SthagnBRt fafibdn cdllectontgying A@oncehiedtion phamisey faraollertng
cross-sectional area. The collector also has a

aﬁ?1 BoHeEk a0 Ag AE&RNNBNRIadBRioR R Hirhiflg ft@d a faBREithd Ng t he
el ectromagnetic radiation, the entry end having a

c%ﬁc%ﬁéaﬁ%ﬁtcbg?tﬂeé hiVifiPat 188 &% iiﬁletgwﬁgniﬁ@jt&qﬁm opeRingheving| et

openi ng o concentration nber, and at |east one
r ef
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cross-sectional area of the inlet opening is
smal l er. tha
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the invention proyide a t hod of cal.l ecting..
S PBR AP 100 SRRt P ATE I P e Rl ation

channel i ng el ectromagneti ¢ radi ation in a, channel ing
chpmber, andat leps aneTellpggive el bﬁ%%@'e 5??%‘?1’5@9“ @Woexlg 8?‘5'

receiving the el ectromagnetic radi ation, an exjt end,
Brdrass-sictional aspof theinlegepsnieg inamplles drapdhsrresiseeivnty end
and the exit end, the entry end having a

ar¢and shesmuy ewhefl theghemneliogkieact i ng and concentrating the
el ectromagnetic radiation in a concentration chanber,
t hpoogncent rGhér@mbodiarehis of thanvegticu proddsa mohed phi et
openi ng adj acent the exit end of the channeling area,
doNEctinB bRErORSAE MG adiatidn) Tha netd snchelet Clanadlingr ea; and
directing the collected and concentr at ed '

S EGbSTRY PRGN in a channeling area, the channeling area having an entry

end for receiving the electromagnetic radiation, an exit end, and at least one

_feﬂective 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 thé channeling area, the inlet opening having a
croés—sectional area; and directing the collected and concentrated e]ectromagnetig'
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

Al so dpeTiReEsd 03838



radiation to a target. The cross-sectional area of the
inlet opening is snmaller than the cross-sectional area

wotoobhetsentry end of the channeling area. [OOQMﬂnHﬂmymB&m

ot her enbodi ments of the imwvention provide an
el fstdireemenNaid acrésadeaivhalarea Petpendiarartth die fistslirection; an
tapering el enent having an entry end for receiving

el &Gleh@ ARGRES Ehtriiadlisalong R sedon@ dREdtHON, #@8d chav-bdtgol area
central axis along afirst direction, and a

c r&g&néﬁﬁﬁd B sefdnBAIB&IRERA a%ﬁl?donﬁ&hh@ thefehirpénd to the

tion; an exit end having a central axis along a

SESAMq dhd Fl bt %agme 8 G ARG %Q‘ﬁl%telegﬁéjna kfradiation

per pen &ty e second ectlon

c gﬁgg"g&tg;ﬁ’gg‘b %5 g i an n e dt etng II'Ee crg%%esgeft%}ngl’ arct,ahc% tﬂ@énltry end

ng t romag
radlatlon recei ved b

This lazges @nélgcqr?sa ﬁgqtloéql aiea H—teﬁ%lt 8?1({1 Iag}c? gxﬁ aecog&( Flé?C%cén is

than the cross-sectional area of the exit end, and t he

s e perakig] tethe figs directight parallel to the first
di rection. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00011]

The foregoing and other features and. advant ages .of .the
i nBRIEF DERCRIPTIONIOE THE PRAMINGS r om t he fol | owi ng, nore

particul ar description of .preferred enbodi ments of the

I nvel@G08H, as Thelfgrﬁgqlquthﬁftfﬁ@@@éléﬁﬁ‘ﬁ‘ﬁ?ﬁ?ﬁgo fdheawi ngs
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wherein |ike reference nunbers generally indicate

i diaméritionw;ill beiapptieotfadnh thedoliiving, moaepartieulartdesseiptionofi y
simlar elenents. [00012] Figure 1 shows an exanple of
a prefertd enbaiitherrndf thd inbéntion, s élhtsiratad in] BO&LBhpHiyngr e 2
shows an exanple of a second enbodi nent of the

| N¥@Winig®Wherein like reference numbers generally indicate identical, functionally

similar, and/or structurally similar elements.

[00012] Figure 1 shows an example of a first embodivment of the
invention;

[00013] Figure 2 shows an example of a second embodim¢nt of the
invention;

[00014] Figure 3 shows an exampie of a third embodiment of the |
invention;

[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;



[00014] Figure 3 shows an exanple of a third

enbodi nent of the invention; [00015] Figure 4 shows a
weemssessect i onal view of fourth enbodi nent of REEIB2005/003838

i nvention; [00016] Figure 5 shows a cross-sectional

vi ewoadorlj ft h EigiediHBws a akthlehBodimeads R inl Q84 And

Figure 6 shows a sixth enbodi nent of the invention;

and Fi g 7. : i: of the
I L L T R

[00019] An exenplary enbodi ment of the invention is
sth?iLEDwgcgg,ﬁ%w.sfﬂgng%g&w bed herein. [00020] An

exanpl e o evice in accordance with the invention

has joﬁ§ﬁe"b' fa ggeﬁggggfggﬁpxage T il\{%%(i?rihllrs]rslﬁc?\ﬁnelﬁ%e

radi ati on can y reflected W
channel i n reas.,,The channeling areas are constructed
Ssug‘r?wt"}%tag% esfrg’a?gther%’rre of the EMradiation that

enters a broad end of the channeling areas will be
st eerl @2 t hi nAp REpmiahRedeving Ihaceardancs withthe 1ventiop b5 an
end of the channeling areas at a direction different
t oagsprably hehanngling arepewvbarein et resiation sas bointernadly reflected
channeling areas are assenbled to forma surface that
i s witbmghacharoling atctre Tho Ichawelingrarens pfezorstrupietl seahithatiabn
falls on the collection surface and enters the broad
enttgstebme bthe Bihnadiafiorgthatrentess a trha ¢l of datichaninehing ayreas will
reflected fromthe walls of the channeling areas so as
10 t Obbseddtd wihie thetchameling dréaamo éxiea mavomoand @fi the@harinbkng areas
channeling areas. This is achieved by ensuring that at
eagth dirtli@cdiff@bntR@that whibeitangled. The bidgd €lRI86EtheChanneling
areas are assembled to form a surface that is herein termed the collection surface.
EM radiation falls on the collection surface and enters the broad ends of the
channeling 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 for a-wide arc-of angles of the EM radiation incident on ths
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



the EMradiation to the reflecting surface is |ess
than 90. A nethod for ensuring that this is the case
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on th= collection surface i to shape the channeling
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broad at their broad end his provides, in sone
TR SR M RSl
r a %:Qr{dg 1ca atﬂtza {lﬁ?ﬁl\’l&‘rtag}lat?onrdrg{gh{ t@?i%\% tl? Ilt erll% dent EM

channel i ng ar br eadt .
shoul%’&é i rableﬁ"etfg R‘b’e"é‘f?sfa‘b ‘145(5’3 S‘k’)‘ffg?‘%t%{]g‘?aé%sabl y
between 5 and 100, and nost preferably between 10 an
S oeapRleyah Enamisisibe BN a%ation Baudt to.pe plisted R APRRENTH
area and a typical path 20 that EMradi ati on m ght

t adod with walls t { eeflgetehe EMoadiatign bepleinthihp ﬁ@nnﬁglga@feéaén can
be made of solid material that is capabl e of

t r anothet erhbadgmerntt of Einvautiont the nhanhelingjageas arelfermed|as eamiteas,
and concentrated and with walls that reflect the EM

r astheaé thewallia 6kthe bdvities laee capebinefirefiegting tha EM radation hak into
enbodi ment of the invention, the channeling areas are
f ofheeslitgs cavities, where the walls of the cavities
are capable of reflecting the EM radi ati on back into

the qawbily. [ UFBRLimbouiRaR oLMb Al tHefhalkré\@ ends of an
i nvention, the narrow ends of an assenbl y of

chaongliy B‘ch%%ﬁﬁ% ﬁl’ggs ﬂ@ééﬁ%"r&ﬂoé% e ﬁn 51@5 Qlaﬁf@ sﬁﬁl@é’i‘ than

that i s sma n thé area of the broad ends of

fgg Rk §Fng %ﬁp@s d'sgg as%z;rﬁaa%cﬂa ailg el BB EoxainbR, &M

|at| on co over t road ends area Is
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[00023] In a particular embodiment of the invention, the narrow ends of
tﬁe channeling areas open into a concentration chamber which serves to further
concentrate the radiation exiting from the narrow ends of the channeling areas.
The pafrq_wf_r.ld_s- of the channeling areas open onto one face of the concentration
chamber wherein the faces of the concentration chamber are capable of reflecting
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



t he channeling areas open into a concentration chanber
whi ch serves to further concentrate the radiation
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The narrow ends of the charheling areas open onto one

ugflzed th% %Qs(il%ﬁ ﬁ'r}:?%n%oﬂ] &l&%m%%&l \Q{P@ b . té%?uél%? §1e0f

the oncen rati er are capa ectin
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transm ssive to or absorptive of th [on . w.th
al QPERipg Hyto thg concenfTatiqR chamber e condigye 3&1@4 B P%Va‘??laﬁh‘?“
The face of the concentration chanber that is |

t rexifingitesiape wenduefdbe Fapreding arpsis dirprésddpyyandrike @i rort,
port, is the port though which the concentrated EM

r aedthertdirsetlyoarviseorietor frivee 1¢Bedtions fom Bie reflestivofadesred the
utilized in the desired manner. In one enbodi ment, a

t adogentritivatcharnbdri Aasxsmhple BMuchd icanfiguratios isgdieandul Figuret e
exit port. The narrow ends of the channeling areas
opeliitighowe b @cHehmtic apssesetiicat df apogivawbthe daviee. cla Figuye 3, ahk
such that the EMradiation exiting the narrow ends of
t hRvieh 200 1Rls icAghndliRseds 3 26 h4va! 16ad AMET 3 dnd@agdw endror40,
either directly or via one or nore reflections from

thg c()ﬁéehéﬁdn\eﬁa&@& 080 Rfs dnlf p&r MO A E:GNpENBIDAI0 AN
exanpl e of such a conflguraPlon is given in Figure 3,

Whi 60 ﬁmgﬁe 3 1§mﬁﬁi@£tiv% pgﬁx%%;ﬁ & Ldn?8r Bil1 erlQ‘Q'fntﬂ*ith i@fe

t he deV|c gure 3, devi ce 100 has chanfiel i ng

L0 T RS SRR  hderr
it t 2

o 1 @gr% Ripnal it R 38 1 ged$ C}?S“%hgs A ptadion. ©

th t t b d

ORI Fellep i orRh at d g g B R ALalther £ O Ao B
port 230 at its other end such that any EM radi ation

WA < Thissronlkadd gomeyhat tp theepst efihe dvigerhut could serve to

concentration chanber could al so be
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_EM radiation within the channeling areas such.
that the direction normal to the plane of the narrow end of the channeling aréas_
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.



utilized. This could add sonewhat to the cost of the
devi ce but could serve to increase its efficiency.

W 0D0aé4363 n order that the EMradi ati on ent eriPQI/IB2605/003838

concentration chanber is diSected toward the exit

‘ IOOft[o(rdQB]' | & ajSemPEeRBbdlingsts 8f e Wivertion, the cRarineling areas are
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pr of’i it is desirable to steer the EMradi ati on
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on s ace. e way to achieve this is

to curve_the gchanneli ar,eas ' I :
| o papered 190 Wsle (i RSRR LERE ARG sbcton BRI ot i

curvature of the chanpeling.areas is X I
c i< ORI B i e P B e Shape b el

, hoywever this is not
neguasssaregtangles, trisaglerAnd other BuitiHegd ROVEPBD025] I n sone
enbodi ments of the invention, the channeling areas are
t apej08@R6]l n onWheothe chippnshng areas teledhe fosmof tapered gadsy tp aid
formof tapered slots. In other enbodi nents, the,
c h igteinogatiigahscuavature antbe s maintaiy adiigh-prsking dersgy {Hat
they take the form of tapered rods, where the rods can
bandfro@ehds bOHS clandling arhs atdapbartchtte strengthupf atsissentbly of
packi ng together at high density. Exanples of such :
S hAPERnAiBg Glehs HRTharMEKIRY Reas cArESd BRgAa; sut ilangkes and
other multr-sided polygons. [00026] Wen the
¢ Qﬂ%%iii;ﬁjr%eﬂs A gedrdiBlatitAo 8 holeRord. dRarasictiatanbddimert d

in acco dating the curvature or the rods, maintain a

hi gh:0 ?sl%le(ét N9 SR hdioh, foWs of BRnBEIRRArRE 8@ afdemblt@ such that

channel'tng areas and enhance the strength of an

giﬁ(?{}gh‘geé@fé ?Fregiin%%%%' ke 685 tlﬁtrB@ i RBMNGLH Mk tBE eas

Iecl SucC al each channel i ng area I s
Z?ﬁag%g}?v:fgg p}; eealcﬁtc}ixa\r/nelehtn_og airetasls @e%&%qger sarroly/knfls SRR h&gﬂbﬁﬁng

chanrieling ;clreas 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 front of it. This allows the channeling areas to be gurved while
maintaining high packing density of the broad ends of the channeling areas.

[00027] It is desirable to maintain a high packing density of the broad
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.



of this aspect of the invention, rows of channeling
areas are assenbl ed such that the channeling areas in

we@2amb/06436% are of fset fromthe row in front suckCT/B2005/003838

10

15

20

the narrow end of each charmneling area is between the

nar r pooEs)ds ofin bicenrt@idgidnoof thginvbrioncthe clginpeglmg sreamarehe
rows i mmediately in front of and behind the subject

I QifculBYin@c3e6dtibm ghd theboibétde kieragselibiedsn b Padkirigs way it
I's possible for the narrow end of each channeling area

t O GHEMRent L9 sHoMg i PRAR 4 SIHMRENtob RRWH H RQYIGH rows of
y

channeéling areas in the rowin front of it. This

al h3Y b ¥ | th
nat.‘*%?%f#‘ﬁda SpRERFAEnBIERS b0 IR U S e ot
.channel i ng_ar eas. i 1 kab
ol RS I ORTRRaRr Al e Py S eHEShRN i G of
t he channel jng _areas at t.he collecti ur f t hat
t e Frpender uBuranesBenyngemR agraprsiy MRl
the collecting surface enters a channeli.ng area.and js
ndor the chasaeling s [0 hegdsa ps iscloy a%‘ﬁ‘ﬁog‘%‘ IS agpngefisnt @
invention, the chapneling areas are circular in
c rosEmymdtacton efimd? BHepmseo 200k alie Hcientdadipandgcqligetgd.
packi ng arrangenent as is shown in Figure 4, where a -
t dp a\pagisnlef erbbvdimes eftbisaspecbefshoivertion pharngliegatsasofith a
the circular channeling areas are shown offset from
ONRu#B 0f RetanguldricAisgheesomire usadpey oppesed tlopatrdngemeews t o
show the relationship of the centers of the circular
engiswn TFigurd 5! ANGLIRRRhapenE EipmselingReakiha grode asdstof tiend
all ows space for the channeling areas to be curved as

di $GhRARLarRRVUR be MckEd fuldh thabElbRNE SO0 bF tha intR¥echFddiation
fraction of p/2V3 (approx. 90% of the incident '

raghal 10 %Jnﬁe]&%lahﬁg LRs tHub cA1LRAT Notl iRt irPMb efbaRmMentOf

thi's aspect of “the Invention, channeling areas with-a-:
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Of" VRIS “ar'r ngenment 1s
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of rectangular cross-section down their full length. For example, the channelling
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 concentratiop devices have been used in the pripr
art, in particular solar radiation and radio frequency radiétion. Examples of such
uses particularly relevant to the collection and concentration of solar radiation are
to heat fluid circulating through a tﬁbe 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
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shown in Figure 5. Wth this shape of channeling area,
the broad ends of the channeling areas can be packed

enters the channeling areasoand is thus collected.

Ng;;h%t Pﬂic Eeﬂlstapﬁ B0 B o SODNBctbd frbih AH ELteRicdlardaising
possi bl'e, but not necessary, for the channeling areas
to,be.of rec Gl - | I L,
| etit}& fe]%a vElg rmeécﬁ%%%)lee?w?iogﬁﬁ ﬁsegtl*n? Qn(fj&wgenthjgg if orLtU a

channeling areas may be

S r.e or rectangul ar .at, the col l.ecti f but
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channel i n to its tip. .[00029}] . Devi '
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appl i cati ons where EM radi ati on concentration devi ces
hadearios addresseedeficisngippdn Hiejcgpveatipnal arh When stiegpting tsUse 4y
radi ati on and radi o frequency radi ati on. Exanpl es of

s uencengrator pith phetoydieicyele| Anpgtrfrom expense apdmewdt.ithen and
concentration of solar radiation are to heat fluid

ci ¢conuéraional gletibescuffer feont webdively 1qw gmcerntratigre factomst of typically -
electricity directly using photovoltaic cells or to
prieshubn Toyhd digasiotilem ot iva pRétovdiaiceelihaertchting and da¢antng
has particular utility in the application of producing
el R dficibdty THS InREHRBA taMIRIVE Righ coRkhtfatidf fictoraIFopwamiphe for
light to be collected froman extended area using the

r €} SRk Ydind 8 A8 BRbYB SR %h&En RIFifIE 3 itHhY Ritvb Aietdiiling
concentrate it on to a relatively small area of the

Lg{vﬂl‘ %nly %{i?/%o?t:lrrbﬁrg?litéf cRRRLPUOIhSh Guffthd fhe AflNVRIth of the

ws electricity to be generated at

:jggval\%%l. a%@ Q!ntnglhi%%x?@% balélxlzctgd cc%rm:n%ra & i‘a?t%\rl\ﬁng(ﬁsﬁﬁ§ for an

I encles | e conventi onal ar en atten‘ptl ng
RSB SLER Bt BBV L oo s
S b UL Sk RTINS B D ABRLAGR b
P hi(x)ltf%\é %lngcg ireﬁhe(; %ﬁalnsaggir\lls?g El?r?zitcif: gl%haagg rc?o ?1.9 %Tl% 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 evapofated by ambient air
currents, or other cooling devices.

[00030] A low profile collector and concentrator is most desirable in
applic.ations 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

radi apd@DIB2005/003838
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two nmeters long with an exilt port normal to the axis
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configuration, the back of the panel of phot ovoltal c
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as finned heatsinks, pads onto which water could be
drelqpeeats canbe eﬂﬂém‘owdt axgflpsiive msteaipl or Aha refragtive indgx ofthe

ot her cooling devices. [00030] A low profile collector .
anoatertah carersatiothai is mussdasadly inciliént angle afibé Ebhtoi teneflectsd
radio frequency (RF) radiation. In these applications,

t he tigeamdlicd tiecaldmienlo excasizdhd @iticalaugle kb ehaRiotal adéradlirefiection
onto an RF receiver. Al so, by careful choice of the

dig¥ens.i PRS e@bodifent hBSpREitiangivaitsRs in dabeofSljoaton blevace
could be used to tune the collected RF radiation to a

f r2QUEIHY bt Bédvy C This BRLEEMBhEBHdHR LEnsBaSbd MPY¥:Aukciuring
recei ver. For exanple, the device can be used to tune
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er and nore e y | nmpl énment ed recel ver
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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
manufacturing this embodiment is to form an assembly of curved elements, for
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 “toot » of the comb. Each comb
forms a row or portion of a row of the elements and the “teeth” of the cdmbs of

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



webmmmeseexceeds the critical

material can be such that in nbst cases the incident
angle of the EMto be reflected to the wall of the

_internal reflection occursi2This enbodi nent has
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PO @idsi4adr 52 Befié BgRBassémebiatotin drafthedéments dmtbe saaight
al so tend to be heavy. This enbodi nent coul d be

CQp §fré’a¥1§? b eV tHe Blénfehid larel SRS ghBA Yar@h@ BE pisSedVer the
assenb Ing theminto arrays as discl osed above. The

ggqubﬁnﬁh ecmo@een { AR eRintSlshebhisRnh8LEod soet her

e case o t he enbodi nent shown in Figure 3,
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harder to fabricate but will be lighter. A nmethod 0
ebases e then begisedhass BolE & thetinal menel %hlrz Shapeafha shapabi

of curved elements, for exanple tapered elenents, from
a theddsisedisesrhly ef Gaxitiesepntve aplded By eny eplipatigampthodhls may
assenbly can be one of individual elenments or of rows
ofbeehs b powgingeolysdr intd be owibamdigttingit eeiohby mjrstierimolding
elenment is a "tooth" of the conmb. Each conb forns a

I ae¢h@iqueo ITh thinprofesait isalesiofv:+ th é:: @ b esrgrtisoid makitarsgitable
"teeth" of the conbs of successive rows in the

ASEIR4ER ayenR toFfaSiliREGEMEEh] bPthg Rl dldifenty fr@n grraastishapeh aufier

inFigures 4 or 5. Before being assenbled into an

artﬁ@aést dhhie 1858 ARSI d SRR ol Beab@biedO Mhitl cap ambyt dasivrd.
If the el'enents are straight, a bar can be passed over
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convenl |ntrodu0|ng the desired
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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 ﬁom which it is being withdrawn. This process
results in a cast shape that contains an assembly of densely packed curved, light
guiding cavities, wherein the broad ends of thé cavities all open onto oné face of
the shape and the narro§v ends of the cavities all open on to a different face of the

shape.

angl e so that top@l/1B2005/003838



assenbly by being clanped into a frane or other

simlar device. The curved assenbl ed el enments, in
weEonpaeusti on with side walls and, if appli cablsCT/B20a3003838

and/ or base, can then be udeéd as a nold for the fina

MonooopB3Ic shapehe sidpe istvapast tibhan tittendedly refticawsoatial

of cavities can be nol ded by any applicable nethod. It

By &s medt oriYetdI Glied PelyiRe hew theieRtenal facesnafltict shaysk and/or
-letting it set or by injection nolding techniques. In

t S wRNIOGERS cdvities Sart8 Bk EsHddwikirarefledive aydt. Hdi@olgniet)

vvi |i a suitable release agent to facilitate renoval
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cas ape 1s se e no el enents can be renoved.
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practical . Note that in nost cases the el enments. wl|l
neesting e raelded e camedishapmwariban 6558@b\%dt“?1t8 AERHect GRs
the cavities so it is desirable that the material from
whiarisentiagion deyeqedi mequatiaghe shape inalx With axeflpgilyg interag) base
that in can undergo the straightening process_w thout
br saficogher thelfase of the shgpe o whigh theaprrow endsApeR if PG
which it is being withdrawm. This process results in a
10 C aspartsfrap the b oombadiithe aox. 3s dadslof thsfbod end theyoyradaced
curved, light guiding cavities, wherein the broad ends
of of the siup¥ tHeh Bsimetht top padbasa bHthe nenckatcation thankter, stiwpreat the
and the narrow ends of the cavities all open on to a

di E{Lsard bdxas hth thdnshanes ¢fARDGI]tict hretdirectsdaiee dpening
not cast froman intrinsically reflective materi al

SUG AR miEl8bor@ibn WRich serlés!ds @t RAIPYAEA shedi@N trhrdhissive
external taces of the shape and/or the walls of the
ggwﬁ%irgﬁsugﬁ& $18s QPelQQ%B%eNHe& can bepl&Rlov¥tht axembledor
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 radiation 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 ofaslot, .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
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material this is nost easily achieved with an
el ectrol ess netal deposition process such as

transparent coating could b4e applied over the

I 6hdi86dn iMEd&R 8h kRnitrbrs0@S fifsts tah tY Btatatabbiit@heir focal line
reflective coating. The nol ded and coated shape can
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and base of the cqncentr tion.cﬁg&ger where at  the
RSB EEBbS MOMRFIGHY MFdO LG ShMRITEOr perfogacd so & to
cavities are directed js the opening or transm ssive
poRiimzeks appuabef fad radiation ém%%@ﬁflg Bls?ftfget-A sheet of
transm ssive material such as glass or clear polyner
sheel00835] b e Iplanether agneetofithran¥engemtiheepnagntrtiorshamberad
ends of the cavities that forns the collecting surface
i ncapibd designed fathat the wer Giceafthe conaenirapipe olemberisiopes fighy t
or water fromentering the cavities. [00034] An

al the howatargeeerndaifigcboheantrativn charmbargo thie eargdvlendydvitht thosiogeo
inject it into the concentration chanber is to use a
S e5RSsubk thai 4 0F St Edtiaas b QEgts héibkt thinghé noiagzeBersie Mhis
of spots or slots in the top of the concentration.

ChAGRSn mlrﬁ'mizh‘% thERBntRE ofreRéibns thitQrORhiRlin Mer 1 OF
shape is parabaolic in the plane of the slot and nornal
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parabolic dis e slots or spots are arranged to be

Fact S0REY o ATt PR e SperfS I E G pOHE Sl A

CoTHEBTT Rt PO HEABET rah ke rae ol Beb AR ARhet do e

2;%%%/{%3 %ﬂaitékg%héj;tglﬁ&%%?é?&%nwn;gg élrrg q%?)%‘gl%rbtic}nhc%a%gr.r (Hnss flap
helps to deflect the EM radiation entering the concentration chamber to shallower
angles such that it is more likely to impinge on the target with a redﬁced number
of reflections in the concentration chamber and helps to prevent light that has

~ entered the concentration chambef from being lost through the other openings in

the ltop of the concentration chamber. The op.enings in the top of the concentration
chamber can be gaps in a solid element or altemnatively 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
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or point such that the focus of the light remains
co-incident wwth the openings in the concentration

whereby a signal, which cosfd be the output fromthe
EMwithdiréflec@ve doatirgpeh afehs bth@ihan (hexp dorating the npmings kathe
nmonitored and the rotation of the mrrors perforned so

as cdriRemEXibATt Hagnbeh) &in APetboditherEthe Adhisabhlaktill BPagdsiong
t he target [ 00035] In another aspect of the
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t hat t h t
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reflectigns that a required i concentrat . on
i elostiap SidssartentRl (s braenRor R4S GHropaive of B8
tar%b 00036] I n another aspect, the openings in the

fadiafen.concent rati on chanber can be desi gned such

that on the edge of the opening furthest fromthe
t ar gd00037F | ap Figurstbtiae hoss-sehian Ssheraticadugh denicts these
concentration chamber. This flap helps to deflect the
'EVagpacts.alni this exanipde, iardgvitth200dem Eensinginirons 3Ha sliotsror sppts 320
shal | oner angles such that it is nore likely to
| Pt @ehidhrthé BMI radinifpmtis Ydctied Aflape déedthe badkerdgobi s sicis o7
reflections in the concentration chanber and helps to
Pr epsed20l 4 Gladet 84tefor iha EMERAURESElarid ¥es] 6RO Cawdr fte 3601 of the
chanber from being |ost through the other openings in

t NEorcORtradibn LienveP bR ) %k I ifBARDEM radidforPR@aidnBS atdet
the top of the concentration chanber can be gaps in a

SOkl Iﬁ'oﬁﬁ? aémm%alﬁ&eat,hef@ényaﬁ Yof EMraBfiSK 635 1Rl _an
i nt egral el enent that are transparent to the EM

r agm%rs 9[‘0, tlw J)Qropstﬂﬁ car?ﬁeerﬁ’?deqr) rotate around their focal points or

arge ope b 1 n such

- focal lines. Alternatively, the whole device can be rotated such that the EM
fadiation 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
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 focused onto the entry points to the concentration chamber

mechani sm can perform t he rOU/BR0EGNV03838



the el enment being reflective of the EMradiation. For
exanple, the top of the concentration chanber can be a

woghes®4ss pol ymer sheet which is selectively ecatiBzhasHéBs3s

a reflective coating in arwas other than those formng
t hes itopemit hg madototintersexd mith e wncayn parhelisesnrfaderof a yigor. .
enbodi nent, the flaps could still be flaps of nmateri al
PrIY dvéetion, ort Radt imelicrate etis limitatiom, thh hadkesurfave df keymirror
could be formed as the back surface of a bulge in the
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surface of the bulge is coated or otherw se nade
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can be made to rotate around their focal points or

f ootatedlin aelockwibe direqtien @efdpwnimBigwlsoh & dewe dat dali abe
rotated such that the EMradi ati on presents a constant
i ndifferemtincdent angles padt¢hemiormalrags f8dBedonta ax enthy peatitethe of
rotati on of the whole device with rotation of the

| Nidndnttatiedn dibmb@ éncd tHay hi@(aBiefléct@bir@n thezondavaparabalion
of the enbodi nrent shown in Figure 6 is that the .
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counter-cl ockwi se direction (as drawn in Figure 6) can

?%ﬁ?lg}gtﬁﬂls hinifalién &@b&x@ﬁelﬁfmlhjﬁl% i bd MaSedcRstd tgﬁt}\lﬂr,ttﬂqs
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 throﬁgh |
the entry area impinges on the con(.:ave éurface of the parabolic mirror. The
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.



of the concentrati on chanber. The effect of this
limtation is that the range of angles of Iight

WO no6/0eés on the parabolic mrrors can be | i mrEOIB2005/003838

10

W th the concave parabolic surface of
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prasnLefi EM gadiqtign that pyegually gets Srested e slofsis SpRS® $2%n
upon which |ight incident at the Past normal angles to
beSimdlerly df UpREH qwgids, sunfages of eoncenyatiorediamper 38 srr pothapgd
the back reflective surface of the mrror structure is
attoagefloniEMandiatzomgints nefl¢cting surfaces 370 @nd/prcfodesmg mirgpng 310 in
angle.. The mrror structures can be rotated in a
cl arddrwd saptte pentmaaEMaaddtienan in Figure ) i o ensure
that ii ht ai different incident angles past the
nor npjoodo)e f ocCIieanventidrois Ak iitadyv heiabbvetdzsdrited exemplary
concentration chanber, once they have been refl ected
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mrror structure. In an alternate enbadi nent, to
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t he: - ' 1 a for each channel
hOLpitit¥nd Spk YhefoE
Tﬂﬁgﬁgfﬁﬁﬁgﬁgﬁggﬂhgéno?ﬁ?hgﬁbafgﬁblic mrrors to be
rai sed, so as to increase the gap between the base of
the parabolic mrror and the top of the concentration

chanber, while still ensuring that all EMradiation
that enters the channelling area through



the entry area inpinges on the concave surface of the

parabolic mrror. The increased gap between the base
wobkoobhetspar abolic mrrors and the top of the PCT/IB2005/003838

concentration chanber allows the mrrors to be rotated

f UNIPRT IS CIABPED ST cl ockwi se direction (as drawn in
Figures 5 and 6) such that a larger range of angl es of
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schematic whic OWs such a varratron o

sh in Fiqure 6. In.this variati focusin i rror
S18e IR e end drestng fifes Briel s cpnembptal hepby
320, .have a rear reflecting surface 370 that reflects
EM3ViRtS aé?ﬁaﬁr?“? et QRN BredfleldRerRing PRV B FretssgciRpal argmht
ray 400) onto one of the focusing mrrors 310.

Re#ldect i ng surfaces 370 can increase the amount of EM
radi ation that eventually gets directed into slots or
spots 320. Sichinnghpgarea kingpper out si de surfaces of
concentration chanber 330 can be shaped to reflect EM
radi ati on ont o r eif Emgteand dorgencivangethe SeGranmghaic radiatimm, thy
mrrors 310 in order to capture even nore EM

I aehtgytend havifOE4G} sedtivmal aneeent i on is not limted tu he
auuve-descri bed exenpl ary enbodi nents. It will be
apparent, based efeiildnd adjabeh astié Mlet bferdipofalie or di nary
skill in the art that many changes and nodifi cations

C agbrbéhtiABEecHambtNgnd NVention wit hout departing from
the spirit and scope thereof . WHAT IS CLAIMED IS: 1. An

el ectromagnetic LAdipliaBn&ald G5 AliwedAHPELS 638 andihe
concentration chanber for collecting and concentrating
el gt qmagnetic radiation and directing it to a
target, the concentrati on chanber

wherein the cross-sectional area of the inlet opening is smaller than

the cross-sectional area of the entry end of the channeling area.

2. The collector of claim 1, wherein the concentration chamber has a

top and a bottom that are not parallel to each other.

3, The collector of claim 2, wherein the concentration chamber is for
directing the collected and concentrated electromagnetic radiation in the direction

of the diverging ends of the top and bottom.



havi ng at | east one inlet opening, the inlet opening
havi ng a cross-sectional area; and a channeling area
whanosneezen entry end for receiving the el ectr oPEDB20030003838
radi ation, the entry end ha%ing a cross-sectiona
area, an eXithe G&[&cﬁﬂbﬁﬂﬂﬁtl,t&nﬁ&ﬁ'&gi AP16h G RE Hetgadknide
concentration chanber, and at |east one reflective
wa L..between the entry end and the exit end, wherein
‘the cross-sectional area of the inlet opening is
smal l er than the cross-sectional area of the entry end
of the channeling area. 2. The collector of claim1,
wherei 1, t he 1#ONGRALE & J R £RATRS 8% Anh OB OBy of
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concentrated el ectronmagnetic radiation in the
di theeeligg atsps arp adizfendp Grhthshds of the top and
bottom 4. The collector of claim1, conprising a
plurality ot the cnannepng areas. 5. The collector of
claim4, wherein the entry ends of the plurality of
channel6.ng diheadleatorofadjimd ewber¢in theabinngtihgareamisdomnied by a
exit ends of the plurality of channeling areas are
adfimtarface for eflehingtieailectrbmaghetc mdiatiexg taod a edcond auirfacd,
wherein the channeling area is fornmed by a

oppusite the first surface.

7. The collector of claim 1, wherein
the entry eﬁd has a central axis along a first direction, and the
cross-sectional area of the entry end is perpendicular to the first direction, and
the exit end has a central axis along a sec;ond direction, and a cross-
séctional area perpendi¢ular to the second direction,
the cross-sectional area of the entry end is larger than the cross- '
sectional area of the exit end, and |

the second direction is not parallel to the first direction.

8. The collector of claim 7, wherein the second direction is

substantially perpendicular to the first direction.



first surface for reflecting the el ectromagnetic

radi ati on, and a second surface opposite the first
webaeses 7. The col l ector of claiml, wherei nPdTiEB2005/003838

entry end has a central axik& along a first direction,

and t he. cr ogse s6iktiopsRdlaidrie further dofprieing & Yargét@osiioned

perpendicular to the first direction, and the exit end

hagijReRqd E}fe%klt and Sf tRd ARBerrafiGitPBMbEL the CdrpdBeing BQSlﬁbned
crosssectlona area perpendi cular to the second

d| troqgctelvgrghe ‘#&:\m S Sagkbenal area of the entry end
I'arger crosssectlonal area of the exit
end and the second direction is not parallel to the
first direction 8. The coIIector of claim?7, wherein
t he sec ant i endi.cul ar, to
the il i pegdlesine dupd SR hppTpp S Rt
further conprising a target positioned adjacent to the
ex§éM@hd of the concentration chamber, the target
bei ng positioned to receive the electronagnetic
radi ati on. 10. The collector of claim1, wherein the
channeling area is a solid element. 11. The col | ector
of cl ailh 9, Thieolisctor afclamtds Mereuanfoatsideshriadeef dhsisplid
elenment is coated with a coating that is adapted to
r edléreatt is doeted with tarcomting st iscadpjtel @irefdact the 2lectforpagnetic
collector of claim1, wherein the channeling area is a
t uladiatibthe entry end being an opening of the tube, and
the exit end being an opening of the

12. The collector of claim 1, wherein the channeling area is a tube, the
entry end being an opening of the tube, and the éxit end being an opening of the

tube.

13. The collector of claim 12, wherein at least one of an inside surface
of the tube and an outside surface of the tube is coated with a coating that is

adapted to reflect the electromagnetic radiation inside the tube.

14. The collector of claim 1, wherein the channeling area has a circular

cross-section. -

15.  The collector of claim 1, wherein the channeling area has a

rectangular cross-section.



tube. 13. The collector of claim12, wherein at | east
one of an inside surface of the tube and an outside
webaeseof the tube is coated with a coati ng REELIB2065/003838
adapted to reflect the el eetromagnetic radiation
inside the tube. 14. The collector of claim1, wherein
the channeling area has a circular cross-section. 15.
The co|d ectgj. c?lflecﬁ)lr BF hite 1, WHELeRH the ERBNANRNIRAI Ha8 @ sciaea
~has a reéctangul ar cross-section.16. The col |l ector of
claim1, wherein the channeling area has a square
cF88E38% %M i on. 17. The col lector of claim 2, wherein
the entry ends of the channeling areas are staggered
relative to each other. 18. The colllector of claim1,

wherei n the _channeli area has | ength from :
entry Ehd t"B"etqqgecéBEi“? glé’ﬁ‘blf wiEeR ﬁ'g © tﬁ’??‘&s 8?1%'6 ﬁfé;ls?ﬁgmg
maxi mum wi dth, the length of the channeling area being
beteasan st2ggeo@ioeletiveds eacd otheF.ge as the naxi num wi dt h of
the entry end. 19. The collector of claim18, wherein
the length of the channeling area is between 5 and 100
tines as large as the maxi numw dth of the entry end.
20. Thes.col Tiedolectafof clai in vireimthechinpelingarpadng @ fength
the channeling area is between 10 and 50 tines as

| FHoRtEthd Snthyehd Bt RXited, aiidtheénttyrend dag 7 paxinem width, The
collector of claim1, further conprising a flap
protrudi ng ihBidgihlte tHeQRamBlingd éOsenq trrben 2adj 46¥imeso
the inlet opening, the flap being for

as large as the maximum width of the entry end.

19.  The collector of claim 18, wherein the length of the channeling area

is between 5 and 100 times as large as the maximum width of the entry end.

20.  The collector of claim 19, wherein the length of the channeling area

is between 10 and 50 times as large as the maximum width of the entry end.

21.  The collector of claim 1, further comprising a flap protruding into
the concentration chamber adjacent to the inlet opening, the flap being for

directing at least a portion of the electromagnetic radiation toward the target.



directing at |l east a portion of the electromagnetic

radi ation toward the target.22. The collector of claim
w@igocmbwssei n the reflective wall of the channebdmiB2aram383s

is parabolic and the focal 2point of the parabolic

refl ecdyj ve m@lchidctor 8Pc19iE2 Qfwhtlem the RASctivé vall b ehe
collector of claim1, wherein the at | east one

- reflectiv i jt BBthe IR OCBPOWRIT is
et Bl bl R e e |
'S in‘%&? %nget openi ng of the concentration chanber.
287 o0 Hdtho® of col | ecting el ectromagnetic radiation,
conpri sing: channeling elecrromagnctic r iation in a
channel i ng area, the channeling area having an entry

end for receiving the el ectromagnpetic radi aty on

exit el, aHe allcqaiclagnd "V@F‘?‘%@Fiab%aMW reglg?q{/‘\'/g é’% Htolge
entry end and the exit end, the entry en aving. a

c tieshameting apals parabelic and thedpgal H‘g‘“‘a?f&%"cﬂi‘ﬁ%@ﬂf F@F?‘hﬁ e
el ectromagnetic radiation in a concentration chanber,

t heinalrniakenopeatngofi thelvandsatratipaghangbeat | east one inl et
openi ng adj acent the exit end of the channeling area,
the inlet opening having a cross-sectional area; and
directing the collected and concentrated o

el ect r omagng tnhehddadicelldcting ¢lectramiagiretie radiatioas aomprising:
cross-sectional area of the inlet opening.is smaller

than the Craﬁﬁnemgteie@tﬂahagamaammﬁeaemtmyu@wea;fhet he
channeling area. 25. The nethod of claim 24, wherein

tN%a ailell?%a[rga'mgﬁl%tah Qnﬁfg‘id?ﬁ)ff REkivifig the eRLiv&flagavtiradiation, an

plur of the channeling areas.26. The net hod of

¢ le%it repnc?, Aéhd mgarst%x{é rgﬁb%tigmgmﬁét@v% thd &ﬁryieﬁd &Y thé exit end,_

the entry end having a cross-sectional area,

collecting and concentrating the electromagnetic radiation ina
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 radiation

to a target,

wherein the cross-sectional area of the inlet opening is smaller than

the cross-sectional area of the entry end of the channeling area.

25.  The method of claim 24, wherein the electromagnetic radiation 1s '

received by a plurality of the channeling areas.



27. The nmet hod of claim 24, wherein the channeling

area is tubular, the entry end is an opening, and the
w@zxio6/0e1365 i s an opening. 28. The method of cl apem/E)05/003838

wherein the at |east one reslective wall of the

channeling area is parabolic. 29. An electronagnetic

radi ati on collector, conprising: a tapering el enent

havi ng F@ﬂ eﬁerr)(etﬁ boff c%ra rZQ,C\%eYéiﬁ‘ theThSmEh BB SbI.

-radi at f Ne entry end having a central axis along a
flrst direction, and a cross-sectional area
perpendicular to the first direction; .an exit end

Cr o5 3hct | WSSl At O T EE SEERu AN, d

direction; and a wall connecting the entry end
exentry endds an prenig) ndghs Fgt B AN WEYPE-chan né i ng : get e
el ectromagnetic radiation received by the entry end to
the exit end, wherein the cross-sectional area of the
entry end is larger than the cross-sectional_ area of
the exis. endhe mettiod bitclgmdnuhattin distat dnastioge Fritectiverall |
to the first direction

the channeling area is parabolic.

- 29. An electromagnetic radiation collector, comprising:

~ 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 direction;

an exit end having a central axis along a second direction,

and a cross-sectional area perpendicular to the second direction; and

a wall connecting the entry end to the exit end, the wail
being capable of channeling the electromagnetic radiatioh received by the entry

end to the exit end,

wherein the cross-sectional area of the entry end is larger than the

cross-sectional area of the exit end, and

the second direction is not parallel to the first direction.



