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PROCESS FOR PRODUCI NG THE PROFI LE OF REFLECTORS FOR A CYLI NDRI CAL SOURCE OF
LI GHT AND REFLECTORS OBTAI NED ACCORDI NG TO THI S PROCESS TECHNI CAL FI ELD 5
The present invention relates to the process for the production of the

profile of refygetseyssy fOr a cylindrical source of Iight to ipdistoaddoss a

target surface with practically any desired illum nation ‘curve. The present
invention also relates to the reflectors obfained according to the process.
BACKGROUND ART 10 The process for the production of reflector

profiles for aPROCESS¥ORPRODUCING THEPROFIIEOF REFLUECTORSFOR
Rabl and J. M Gordon [French patent no. 94 07809]. However, the process is

restricted to virt AaCYLENDRICAESSOURCEOF LIGHT ANB: RERLECTORSCt ual
cylindrical sources of I] such as fluorescent tubes, with the aid a
primary reflector havi ngM@CQMQmWQWOW%f t he
drawbacks of the forner process is that the 15 desired target

illum nation curve cannot be obtained exactly when the primary reflector is
nodi fied to satisfy manufacturing specification such as a snall gap between
the:reflector and the source of |i ghTECHNCALFIIRback is that the
reflector for a cylindrical source of light according to the fornmer process

consi sts of ctwo di S{qin . { incyrring extra costs. in

mantif act uri %g. Thesip#eeéiésne?’p%étﬁ% %xéec?vtgrtg%l%oscg? hfégéhae dPrgaB%(?ESOfV\tllh? I?méi le of
process for _Zomﬂeﬁﬁﬁ%%Bﬂhﬂﬁ&l%ﬁr@é&ﬁﬂh{Mlhﬁi&&ra&%@v&drﬁgémbm%ﬂw&%f’f
light that will achieve not only the desired target 11l umnation but also,
it is possibl edésired ilhahiaftioncéures: tTheSprédent in®tioR| disoaretdiezofonths refieetons obtdined
profile. DI SCLOSURE OF INVENTION It is a primary object of the present

i nvention to pawerding towheprodess. produci ng the 25 profile of reflectors for

an extended cylindrical source of light that will yield practically any
BACKGROUND ART
10 The process for the production of reflector profiles for an extended flat source of

light has been established by A. Rabl and J. M. Gordon {French patent no. 94 07809].
However, the process is restricted to virtual flat sourées of light that are obtained from actuat
cylindrical sources of light, such as fluorescent tubes, with the aid a primary reflector having

the shape of a developed circle. One of the drawbacks of the former process is that the

15  desired target illumination curve cannot be obtained exactly when the primary reflector is
modified to satisfy manufacturing specification such as a small gap between the reflector

and the source of light. Another drawback is that the reflector for a cylindrical source of

light according to the former process consists of two distinct shapes, thus incurring extra

costs in manufacturing. The present invention overcomes these drawbacks with a prodess for

20 producing reflectors directly for a cylindrical source of light that will achieve not only the
. desired target illumination but also, it is possible to produce reflectors that exhibit a smooth

. and continuous profile.

N DISCLOSURE OF INVENTION

It is a primary object of the present invention to provide means for producing the
25 profile of reflectors for an extended cylindrical source of light that will yield- practically any
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PCT/ S&6/ 00009 2 illum nation curve so desired by the end-user and in
particular, for achieving constant illumnation at the target surface. It
is thus an-object of the present invention to provide a process for the

production of tsotaisedsi | € of reflectors for a cylindrical sowcescedecdioght
symmetrical relative to a vertical 5 pl ane, of four cylindrical :

reflective elements, two on each side of the said plane consisting the
i nner and outer reflective elenments, both of whi'ch conbine to yield a

continuous ref |jAghiiatioh @hive 8o UsiRACHy kitCertilusth SndS # Parbidie for! dtBieRingClonktaitNg
symmetrical about the said plane. Each point (R) of the profile of the said

out er el enent iilumbktioreat thetargetsuifacegt h (r) of the segnent representing the
di stance froma point of tangency on the left of the sai.d source,

10
| ocated centrally relative to the . symmetrical. reflective ele ts .Se
fromthe said el ene {’sﬁsﬁ?sﬁﬂaﬁf?‘é’ﬁf‘"é’”ﬂ*é“‘éeg ?Pt&pé%vg?e at]go?eﬁseﬁggle %“?%‘fn,&n
and by the angl H“?ﬂ 9‘1@&% S Al ﬁﬂn baericRErefiil
t he resul tant rtgi/ 0 ‘fll)igﬁ?ti.1 ro%ofﬁgﬁ?gngﬁssgﬁg@%? ng, at t Egbgttf?%ﬁt@f%m
respective anglplanel befot tylibtifical téfRcHv dlerién®) Bwo 61edch Gide lof #RCkaid plaktdonsikting
conpri ses the steps consisting: 15 I'n defining the inner reflective

el ement on one the denepfant homtes aeflective rlementse bothhefr which cgmbipertetyieldad cediimudus
the*said plane, a nodified revolution of a circle as obtained fromthe

cross- secti on oeflegter prafily o e sidejof the sich planey gl other being) symmetrigal abayt the said
(I[err]) on the_axi f t "g?l e ocated at a ver 'C%L dj.st.ange
of Lot 1 kast oncPi@iFed nod TRESY o PreBliCor S Sitpmtial B derif o R 1B 1
the sai d_Start| B8 ol ep il e iné b3l o ikchdPn 1 116 el
I nner el enent by f e angle ([eTr]) forrredﬂbyqsa?d 9 ar?ganand t he out pthrg]g,
the ray of 10 ghlocdtéditentially iréladvestol thesymnieaical reflective éisys, @8 seéie fibingthie said
the said source as seen by the left said inner element relative to the said
pl ane, and al scelespention thamght of thesaifl plane, tahe said point, andiby the angle () dormed by the
segnment fromthe.said stajtjng.point to a point af .t epcy qn the_said
source, in defi iﬁwmﬁgﬂﬁpﬁﬁ"%‘hgfﬁéﬁ“ﬂtﬁwﬂ’ﬁt%B‘ﬁé"'@éf’%&ffa’?‘&“
el ement, I O 3y deaichie Jesprtive Shih (D) it he sl PRAE ohtertod P il it Binprices the
tangency on the le g evgg*ll% solrce as segn ? omthe said outer pg?&gmant
| ocat ed on the seltonsidtinghe sai d pl ane ‘and, of which may either be equal to
the termnating end (lI[err]) of the said inner elenent or, be situated on
t he downstream of the . . . ) . .
15 in defining the inner reflective element on one side of the said plane, the other being
symmetrical about the said plane, a modified revolution of a circle as obtained from the
cross-section of the said source is chosen; defined by its starting point (Id) on the axis of the
said plane, located at a vertical distance (g) of at least one source radius (t) measured from
the said light source to the said starting point, -and by its terminating end (IQ of the said”
20 inner element by the angle (i) formed by said plane and the output of the ray of light that
originates from a point of tangency on the right of the said source as seen by the left said
inner element relative to the said plane, and also by the angle (64) formed by the said plane

and the segment from the said starting point to a point of tangency on the said source,

in defining the position of one end (Rb) of the said outer element, from a desired

25 distance (rp) separating said point of tangency on the left of the said source as seen from the
said outer element located on the right of the said plane and, of which may either be equal to

the terminating end (I¢) of the said inner element or, be situated on the downstream of the
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PCT/ S(&6/ 00009 3 said outer elenent away fromthe termnating end (l[err])
of the said inner elenent, and also froman angle ([err]) subtended by the
said source at the said end beyond which the continuation of the profile of
the sai d outer wdenrms has to account for the di m nishing copiarisevémaooe Of
the lum nance fromthe said end, which depends on the said segnent (rb). 5
in defining an illumnation function E([err]9 corresponding to a desired
target illumnation curve, for [err], associated with a |um nance L([err])

by the fornul a:safd(dutérdiement bivhy fromh)the RahRfidg & (1d))of Thd sdid frinBf élheédt! antl also

[err]) - (t + g) sin([err]) + t} cos[err]([err]) +{ (r +t tan([err])) sin
2([err])} cos|[ dran (dneangls (¥X subtendedibyt thedsaik souvee pr dlid ksaid femd bdyend aihiclosheer
elenment is-the termnating end_(I[err])..of 10 the_said inner_elenent, .and

an illwemnati orP"P‘E&'HE‘P?'be CoPro r‘?f]t.h‘= Eiifié}“ﬁ?)el@@( P%?Fq M@g[fﬁ?ﬂf(mih}n& :
3t £+ 2t sin rrd + + 2t sin(lerr] s [enr - (t ot Sin r

E:os[ err]([err ]( %&Q’“{"P‘E&‘f‘% ?'ﬂ'"a eﬁ?’]’ sg'idkng’(‘{'lgfl} %er@dsé"Pﬂfﬁg}dtsﬁﬁT%?ﬁ% g}

sin 2([err])) cos[err]([err]) if the said end (Rerr]) of the profile of

the said outser el engitddffning! ah Niflusifieis fadditioR ! E{O) Scoprebndingi £ @l aesred LRy

fromthe said inner elenent. 15 . in determning, fromsaid end, the

coor di nat es of iHemination eirve, Ryr {@) < y5 assabigedwith 2 lunfindrice LE) ibgl the formmulel enent

sati'sfying the differential equation: [err] where p([err]) is equal to (r +

t tan([err Ln. 2 rr and.the_angle [e[rr] is e | to err _
-[err](glz.])zz) sﬁa):ﬁg’lcf’g(@%{%témzih'ﬁ&'&%é@@é’%%@@t"’i ﬁ]\[/ent%on to
provi de a process for the production of the profile of reflectors for a

cylindrical source of |ight symetyd.Gal Hd Hent Qstreyertical plane, of
four cylindrical reflective el erren{cs, t‘?/\‘(b&jc))n ezécﬁ sis eyof t he said pl ane

consisting the inner and outer reflective elenents, both of which conbine
to yield a conti guouftheshidend of therpedfilé for tire saitoowérdiznwht ishike eanidatigrand (Ieh bf

ot her being symetrical about the said :
10 ° the said inner clement, and an illumination function, for |6| < y:

E(6) = L(0) cos(8) = { 3t + 2t sin(By. +6) + 2t sin(Br - 0) - (t + g) sin(6)} cos2(6)
+ {(p+t tan(u.]_))) sin 2(op) - (r+ttan(c)) sin 2(o)) cos?(6)

if the said end (Rpb) of the profile of the said outer element is at the downstream of

the outer said element away from the said inner element.

15 in determining, from said end, the coordinates of each point (R) of said profile of the
said outer element satisfying the differential equation:

2.
%% (1 +_____2t;:(%s)a] = sin(o) cos(c) ____d(lniipe(e)}) - sinzq + -’% [%g—+ sinzor.]

where p(0) is equal to (r + t tan(x)) sin 2(xx) and the angle a is equal to ($ - 0)/2.

¢ 20 It is also an object of the present invention to provide a process for the production of
the profile of reflectors for a cylindrical source of light symmetrical relative to a vertical
plane, of four cylindrical reflective elements, two on each side of the said plane consisting
the inner and outer reflective elements, both of which combine to yield a contiguous
reflector profile on one side of the said plane, the other being symmetrical about the said
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4 plane. Each point (R) of the profile of the said outer elenent is defined
by the length (r) of. the segnent representing the distance froma point of
tangency on the right of the said source, located centrally relative to the
symmetrical refyadbissss €l enents, as seen fromthe said el emenicrsengboack on
the right of the said plane, to the said point, and by the angle ([err]) 5
formed by the said segnent with the said plane, the resultant ray of |ight
fromthe said source formng, at the output, respective angles ([err]) with

the said pl ane pldnlAEsthpoint FObSitie profle df iheCsailiduitsy RfeniehSis SbMIRA byARSiefigth Eof i N
defining the inner reflective el enent on one side of the said plane, the

ot her bei ng syrthesegiment represanting the distadcepfromean peintnefiizdgeney o thel tightof thé said
circle as obtained fromthe ?l Gross-section, of the sajd source i

?:hoseni:I def i ne&°‘b‘§e*i19‘éa“§t g(g"ebﬂ?’?lr’ F\eéyl mgstricaloregisative SWWS’_W%‘P%@F

t t t , t
meacur ed from GG Sanep? AT 68 ietnarof e ahes” Br B4 5810k A0 B9 sl ngle
Ler i nat i N 5o o) byolhe!sd s5@ihéht VABP ook Bl B flihaa) ot (g fran hE5aE
by said plane and the output of the ray of Ti1ght that originates froma

poi nt of tangersoyrcé fommirghsat the giyputesgebiivendplds (0) withahesaidsiaie, Ebardcheizédintthat
said 15 inner elenent relative'to the said plane, and also by the angle
([err]) formed itgompsisesshe stensicamsistintgd t he segnent fromthe said starting

point to a point of tangency on the said source, in defining the position

Separating sard poi i SesEEInC e reflr i Bleneinen bof i of b id b e orkér Bk
f h id ' <ai . f
whtch rmy  oi ¢ hay BEietaP B tedal Alndd malied (H00tufln b\E it o Buudfiey Bt 0

i nner el emes®  @rossd@ectivh bfithe edld esuréd i€ chisyent defidd Byafs stakihg point (1) érethe akie o the

away fromthe termnating end (I[err]) of the said inner el enent, and also -
from an angl e (Spidrplane, MM distance(g)iofsas leastcong tsourbrerading @) anedsuzed e

Account for t hdbeiefi ek onse ao er ek rdhe Bk mod . AHSBIRG SR (RLOLES guidng
(Rlerr]), whi ChofieREMA: 6 thb 3518 Uy fonfl ) Said Bland &dhd buliput of the ray of light that
originates from a point of tangency from the right of the said som'ce. as seen by the left said |
15 inner element relative to the said plane, and also by the angle (84) formed by the said plane
and the segment from the said starting point to ﬁpoint of tangency on the said source,

in defining the position of one end (Rp) of the said outer element, from a desired
distance (rp) separating said point of tangency on the right of the said source as seen from
the said outer element located on the right of the said plane and, of which may either be
20 equal to the terminating end (le) of the said inner element or, be sifuated on the downstream
of the said outer element away from the terminating end (I¢) of the said inner element, and
also from an angle (y) subtended by the said source at the said end beyond which the
continuation of the profile of the said outer element has to.account for the diminishing
contribution pf the Juminance from the said end (Rp), which depends on the said segment

25 @) |

in deﬁning an illumination function E(0) corresponding to a desired target
illumination curve, for [0] <7, associated with a luminance L(0) by the formula:



in defining an illumnation function E([err]) corresponding to a desired
target illumnation curve, for [err], associated wth a |um nance L([err])
by the formul a: WO 97/ 06454

PCT/ S&06/ 00009 5 E([err]) = L([err]) cos[err]([err]) ={ 3t + 2t sin([err]
+lerr]) + 2t Sioédugal -Lerr]) - (t + g) sin([err])) coser ricrisioaboed er 1]
If the said end of the profile for the said outer elenent i's the
termnating end (I[err]) of the said inner g ement, and an iIIum' nation
function, for [err]: 5 E([err]) = L([err]) cos[err]([err]) ={ 3t + 2t
sm([err] + [ en o 8 } 2(
cos[err]([err] )Erd[))er]r‘tfegtco Gjhe {?glfr]gtgh@' .dé)-'.z&fnsﬁ?%)e%%?&*ﬁ%@)s}a?o g?.lt er
element is at the downstream off {the gald el ene omthelsaid inner
el enent. in deternining, frorﬂ'ggﬁj jsmﬁ&bogmm« 7@2@11& casd®ht (R
of said profile of the 10 said out el ement sat I styi'ng the dlfferentlal
equation: [err] where p([err]) is equal to [err] sin 2([err]) and the val ue
of the angle [err] ifsthesaidnd of thé profile fof ehershid/odter Element iy et teidindting end @eyoft s
controldling the |IIum nation supplied to the target surface. Such 15

i || um nation céhe $aid oy illymination Smction, derilffe o t he said pl ane of
symmetry of the source, the proflles of the reflector bei ng adapted in such

an instance. ve p ularly r duci ng
refliectors 150r ﬁeﬁym ?zt {rs%ﬁo”ngm@’-'% ? ?)hZFE %@Sr E@gnstant
i 1lum nation curve can be I eve t he target sunyf ace. he invention is
al so particularly advant &g ﬁ%}ﬁﬂ&@m}g e-rg-lt?-«a?r}smi(bzm icos¥(®on 20 at
the target surface for the exanpl e For (FL mnat{ng a
finite-space target where several sources have to be utilized, by neans of

overl appi ng the out peipel shhléﬁll B2 ieQtofile UTRAAF Gittr d&hér G A the hgwﬂﬁtéhﬁ\(ﬁtﬁehe

desired constant target illum nation.
said element away from the said inner element.

in determining, from said end, the coordinates of each point (R) of said profile of the
10  said outer element satisfying the differential equation:

do (. 2tcos?a din{p@®}) _. 2
1- ~de

B ————-—p(e) ) = sin(a) cos(a) sim-a

) sin 2(c) and the value of the angle « is equal to (¢ - 8)/2.

where p(9) is equal to (r o+ m—— an(o)

The invention thus permits controlling the illumination supplied to the target surface. Such
15  illumination can be symmetrical or otherwise relative to the said plane of symmetry of the
source, the profiles of the reflector being adapted in such an instance.

The present invention is particularly superior for producing reflectors for a cylindrical

source of light such that a desired consiant illumination curve can be achieved at the target

-surface. The invention is also particularly advantageous for producing constant illumination

20 at the target surface for the case, for example for illuminating a finite-space target where

. several sources have to be utilized, by means of overiapping the output illumination from
adjacent reflectors to achieve the desired constant target illumination.
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6 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs which are

i ncorporated into and constitute the reflectors that can be obtai ned by the
said process, serve to illustrate the enbodi nents of the invention, and not
as a definiti oRy@byiésagy |1 Mts of the invention for which ref ¢epRE8/d8b0u! d
be made to the 5 clains appearing at the end of the description. Figure 1
is a schematic cross-secti-onal view of a tyge of reflector of the invention
illumnating a target surface .in whi ch the deS| red i I | um nation curve is
constant, as obtained accor CBRIEF I EIDRAW

Cross- sectlonal view, on a | arger scal e, of a type of reflector obtained 10

according to the invention. Fi.gure 3 is a cross-sectional view, on a |arger
scal e, of the imﬁmmﬂegmsmma@@w@fmmdmnmmﬂmm&mmm
I nvention. Figure, 4

t I a | | e, of, '
of ot | oci or - oBSP QRaRL B Rid BheseR asve i itiualt e e Bl
t th
Cr ogs- Secti onal bv%ﬁéf@%h% 3l Wéé&n%xﬁéﬂﬂkﬁﬁ%mgm# e
i nvention ofs t Rexim8 &% eaﬁ%fdtqgtehagfﬁégmmhor practicing the invention.
r

Figure 6 is a schenmati awing to illustrate an enbodi nent of the
invention for the practice of the invention as shown in Figure 2. 20
Figare 7 is a crossFigus | dmabchenatie cm-mlmlguewgﬁaltmeaﬂmmmetmwmﬁ
refl ector obtaijped, accordln the i ntlon gure 8 is, a

cross-sect i onal‘ﬁ %’F%%‘?mé’t% ?S“S‘PQIBWPHS‘FV‘EVW"%PP@EF&

obt ai ned accor%&gd&gt&ﬁgldv%m i on.

Figure 2 is a cross-sectional view, on a larger scale, of a type of reflector obtained

10  according to the invention.

Figure 3 is a cross-sectional view, on a larger scale, of the innerf reflective element as
part of the embodiment of the invention.

Figure 4 is a cross-sectional view, on a larger scale, of a type of reflector obtained
according to the invention and of an embodiment of practicing the invention shown in
15 Figure 2.

Figure 5 is a cross-sectional view, on a larger scale, as part of an embodiment of the

- invention of the inner reflective element for practicing the invention.

Figure 6 is a schematic drawing to illustrate an embodiment of the invention for the
practice of the invention as shown in Figure 2.

20 Figure 7 is & cross-sectional view, on a larger scale, of another type of reflector

obtained according to the invention.

Figure 8 is a cross-sectional view, on a larger scale, of also another type of reflector
obtained according to the invention.
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BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON There is as shown in Figures 1, 2,
4, 7 and 8 a reflector 1 consisting of a cylindrical source of |ight 3 and
four cylindrical reflective elenents 5, 5 and 7, 7' whose cross sections,
or profiles, aggpéeygehgtrical relative to a plane P of the soycgRcIsmodéd S
reflector 1 is adapted 5 according to the invention to illumnate a
target surface 15, located at a distance coqparable to at least 10 tines
the aperture of reflector 1. This reflector 1 is adapted according to the
invention to illumnate tha hif At A ARRIaN ON curve
that is constant in shapé @ ' T, nsverse pl ane
relative to reflector 1 constituting of a central plateau 9 and 9' between
2 10 sl oping shoul dmes id ds shoom 1d Figutesd, 2,4, 7rand 8tai réflector 11 \consistingf aleglindricel
illum nation receive at the target surface 15 is constant between the |

poi nts C and C sourgpef Hghtdend fous cylindrical seflegtivaeleraents %6’ ad J, Povhase crossseetians,,

As sh in Fi , th | opi houl d d 11 f th

o ane P per m { AL B REBHALIERRNG ) Pt Tl oA TR el et
flect , ! L | Lkt e Q13 '

i v dunl ot 1 aerielt G Endth @bk SN Mkt Bl RS iShaple

dashed il | um napiapRag Y0 ites the apéttird of refldtorahown in Figure 2, the reflector
1 consists of two synmmetrical reflective profiles relative to a plane of

source 3 constituting of symmetrical inner reflective elenents 7 and 7' in
t he shape of a nodif} fleajar] L is iadaptesk acgording 4o the Anventioncto illuminate the target yurises

ti f th .ce 3.wW th .a sizable displ t of ifs.st ' | nt
(I Torr]) above Thineot Moy syrhivinls ShRaCE ere an stomhit HEHY 1odt M

flecti I 1ats o s | ' { Qs
mventi on i n aoraprey B mlat ISR R G Ao R AR by SR 2

elements 5,10" 4£6¢ing Sticuldeat1@and A0 THe Dintifktion Ruive ScwsStha tthd BRlmeitioh Retkive at
~There are as shown I1n Figures 2 and 8 term nation points Rlerr] and R [err]

of the refl ectithe tapetrserfacs 15 isicehstint bdtwedn the poists ({band @) 1and: diminishes evemtually tong
ends I[err] and I'[err] of the inner ref|lective elenment 7 and 7'.

Thfelr e are asI ShBh depﬁ‘ffrl%a‘?d G ds shepeninchigs 1. thedoning ghoplders;l ltan_e%?' on each
el Ve a4,

so as to produce an overall .constant illumination by summing individual reflector’s

15 luminance contributions as illustrated by the dashed illumination curves 13 and 13'.

_ As shown in Figure 2, the reflector 1 consists of two symmetrical reflective profiles

relative to a plane of source 3. constituting of symmetrical inner reflective elements 7 and 7'

in the shape of a modified revolution of a circle as obtained from the cross section of the
source 3 with a sizable displacement of its starting point (I4) above the source 3 along the

20 plane P, and symmetrical outer reflective elements 5 and 5', whose construction begins
according to the invention in determining the coordinates of an end edge Ry of each of the
elements 5, 5' and terminates according to the process stated hereinafter. There are as shown

in Figures 2 and 8 termination points Re and R'e of the reflective elements 5 and 5' which

are synonymous to the terminating ends I and I'c of the inner reflective element 7 and 7'.

25 There are as shown in Figure 7 end edges Rp and Ry of the reflective elements 5 and 5'
which are synonymous to the terminating ends Ie and I'e of the inner reflective element '7

and 7'. Construction of the outer element 5, of which the element 5' is symmetrical about the



and 7'. Construction of the outer element 5, of which the elenent 5 is
symmetrical about the WO 97/ 06454

PCT/'S(06/ 00009 8 plane P of the source 3, fromits said end Rb can continue
provi ded the output angle [err] does not exceed the angle [err] as shown in
Fi gure 6 subt envieoh/dsusst he source 3 at the said end. As each Persesaiov®
point along the outer elenent 5 is determned, so is the contribution of
the other tangential ray fromthe source 380 the total |um nance as
depicted in Figures 2, 7 and 5 8 with the internmediate point R err] along
the refl ecti veplahePenthesourtoB,Sran its baidierdll Ry &y cotifirfie pedvidedithe dutput peglé b does
[err] depends essentially on this pre-condition. |In determni nget he i nner

reflective el emetrfceed thy anglg as shownde Bigoret6 sublesded binithespwes 3 abdesaidiged Amne

rom t he sour cEd sEPeRRis Rofialche he st elemets s drisrbineds 0116 e FpRtiDics afshe
| th | | ' ISt ' ' '

Fevoruti on of - 2t lftthily 4m b Gufte 8 HeSiofl oefialc &4 bR FRARPIT g |

sai d di stange @ vifh @k iﬁt&%ﬁiaﬁé‘"&iﬁ%’{ Sl6ng & intifectiveSSeh s, (Bfistiudtion ofohe biter
point away fromthe aperture plane I[err] and |I'[err] ofthe inner elenents

7 and 7' to enslementfhoif] >t hdependsesseatially onxthis pretdonditied.| ect or 1 unobstruct ed.
Al so according to the invention, and al so by practice of the invention, it

T 1 i A o s e
I ey R B i £
@/

point Id is nothedofirelBRo e stefing pointQq of the RAH elehiéhts 16ERRE BloRb e jank T Vabyin
can be seen in both symmetrical elenents 7 and 7'. As one noves fromthe

left to ridot iheldittance gtyteldshlifferbntishapes of revdhtionaf acircle, It istesseptial @enonding forthgjes
in the elenents 7 and 7' 20 _nove in the opposite direction. Point |

d .
becones vi si bl dnvsatjenthatithgsajd distance g/is 3t least e sepreg radms t sofhat sheray B-gannat point
angl e denoted hy t 8 rked B, t i e of .the ur 3.in I nt
7 di sappears’ af%ﬁ%ﬂ:ﬁ@é’:}pﬁ&gp °¥%’é’ugsﬂfﬁg"§‘°ﬁﬂ°%?"éﬁi€ﬂ{&‘° WL pe%lrggsgg
totally at the ang idaBe\ratboldy 1t Gfobs@ited® s adcording to the invention, and also by

practice of the invention, it is essential that the ray C as denoted in Figures 3, 4, 7 and 8

15 exits the reflector 1 directly dictating a minimum gap g of two source radii in some instance.
By practice of the invention, it is obvious that between the angles -64 and 84 (up to ray A as
shown in Figure 3), the starting point Iq is not visible at & = 0, rather, two images of the
source 3 can be seen in both symmetrical elements 7 and 7. As one moves from the left to
right relative to the plane P of the source 3, the perceived images in the elements 7 and 7'

iO move in the opposite direction. Point 14 becomes visible beyond the angle 8¢ denoted by the
ray A and at the angle denoted by the ray marked B, the image of the source 3 in the element
7 disappears at Ig. 'fhe image of the source 3 in element 7' disappears totally at the angle
denoted by the ray marked C.

By practice of the invention, the termination end Re of the element 5, of which the

25 element 5' is symmetrical about the plane P of the source 3, of the type shown in Figure 2 is
contiguous and continuous, meaning they meet with the same siope, with the terminating

end Ie of the inner element 7. In contrast, but as obtained from the practice of the invention,



By practice of the invention, the term nation end Re of the elenent 5, of
which the 25 elenment 5 is symetrical about the plane P of the source 3,
of the type shown in Figure 2 is contiguous and continuous, neaning they
meet with the sane slope, with the termnating end I[err] of the inner
elenent 7. In apobiesads but as obtained fromthe practlce of RATESGYEN0BRR | ON,
WO 97/ 06454 PCT/ SG6/ 00009
9 the types shown in Figures 7 and 8 illustpate distinct profiles between
the outer elements 5 and the inner elenents 7, that is, where the inner

el ement 7 ends thdt?ﬁes%ﬂ&ﬁi ifFighRe Y and Sqmaﬁﬁﬁsﬁh&tﬂi‘oﬁlbfb&%&%@bﬂﬂr abhstidd 5
change in sl ope. e illumnation curve at the target surface 15 is defined
bet ween the anghd: the inner] elementH7, thaf i mhereothe daneo eltimegt 7 centif)cthe odtep elentest &
and C' as shown in Figure 1. The contribution of the total |um nance
L([err}l) to a pommencshwiththeagsogiafedaraphehangesinglope.espondi ng to a given angle -

[err], as illustrated in Flgure 2, is equal to the sum of the incident

| um nance L1 fromt I"Q? P&WZ L2
fromthe source 3 a‘?gejf‘ e |mage aftﬁg @ur ce enerﬁth%%% %%%1
the eontribyti @ &&e&ﬂéﬂ&ﬂ%’f&ﬁe lesd poinEC ARl c'rmg&)wmmtmgneqt The ddhtribuib® 6B

5, i.e., L([err])=L1+L2+L As shown in Figures 5 and 6, this | um nance

L([err]) is gi mlhmmaﬁwL@)amra]pmmlo@[tmwgetsm@&Mmmobéng}o &g{ven atjgle 6, 48t
sin(ferr] - [err])-(t. +q) s%n([err &grr] + ttan([err])) sin

2([err]) - (r Jilustrated in incident-Juminanegd. h pbﬁemasrqf])

boi nt s C Zﬁdac A 3 3 B8 BT i e e‘%&%{ﬂ@* 'Seﬂa‘@%ag@é“f ole
G ven b (e e b k)50 o o Nl 023

G EhellSuter
equated to: E([err]) {3t + 2t sin([err] + [err]) + 2t sm([err - [err])

- (t +9) Sllon([dmie]ni}uégis.[e)HIll(-[-MH-]DB+{ (r[err] +t tan([err])) sin
2([err]) - (r +t tan([err])) sin 2([err])} cos[err]([err]). 20

G ven that p([err]) =(r + tan([ )..sin_2([err]) .and [err] =2 [err] +
[err], one can deri v shojn and]6) ﬂuslummanceL(G}:sgwenby,forlG <7

1(6) = { 3t+ 2t sin(By, + ) + 2t sin(BR - 6) - (t + £) sin(A))
+ { (rp + ttan(op)) sin 2(ap) - (r+ t tan(er)) sin 2(c)}

As to the illumination E() received at a point on the target surface 15 comprised
15  between the points C and C' at an angle 8 with the plane P of the source 3, this is given by:

E(6) = L(8) cosX(6)
therefore E(6) can be equated to:
E(0) = { 3t+2t sin(By, + ) + 2t sin(Br - 8) - (t + ) sin(6)} cos(6)
+ { (1p + t tan(op)) sin 2(ap) - (r+ttan(c)) sin2(c)} cos?(8) .

20 Given that p(6) = (r+ttan(e)) sin 2(@) and ¢ =2 o + 0, one can derive the
following differential equation:

2z
da [l +2tcos o

do
do (, tood )___ sin(e) costo) 2O W 2y » 2 ( 2 )

- sin“a + —(—e')' + sin“ct



following differential equation: [err] WO 97/ 06454

PCT/ S&6/ 00009 10 Such a first order differential equation can be solved by
giving alimt condition according to which & beam from a point of tangency
originating fromthe left of the source 3 as seen fromthe elenent 5 to the
end Rlerr] as rupbigepad above, is reflected parallel to the pcaseIsme® the
source 3 such that at this point [err] = 0. In one enbodi nent of the

i nvention, the 5 | um nance L([err]) must 4ge attributed accurately should
for exanple local conditions like [err] > [err] occur. The latter

condi tion(s) beconmefach fBRARLARE diifdrdhtial equatiGiCédnClie sulvedity giving i limiv. cofslition ar
equations can be obtained for exanple for the type shown in Figure 7 for

Lerr] [err] , tacrmrdihgwwﬁgﬂﬁmﬂ@mﬂpﬂﬁeﬁ@gﬂﬂ@w{g@w@&ff@mﬁl}‘?le—°f@?sq"’?c3

oLt et o BLLSE o S o el b i 5
in 2 d = - .

G 1 erent i al - oduRae Pt ey S st ot 7 1 e BRSO ARE idikioh e

be sol ved by gipghiignd I!(‘ri_.)(ﬂn;st w&&i&&daacaﬁamgmﬂommh@lmw Boritivas tiké oy a

poi nt of tangency -originating fromthe right of the source 3 as seen from

the el ement 5 toeeirlTEhedamer Chliticn(s) becvrie(s) appackntrvitly the prasticeadfitecreaationr al | el
to the plane P of the source 3 such that at this point [err] = 0. In one

enbodi rent of the invention, the |um nance L([err st Rhe attrlbut
accurately shoul d f Simiarsapatiens %%@W?‘P’cﬁ’é‘nﬂ?%'ﬂ;‘?ﬁ’? B’B’“Pé?ﬁ:}g“&c‘ggff.lel
The latter condition ‘ﬁé becone(s) apparent wi.th the practice of the

i nvention. .20 SVFf?Eeé nt invention permts obtaining illum nation curves
of substantially any appearance by inputting the desired illum nance

function denot eg(ghy LE)lces2(d))= (32 9\2¢ sinfip/+ G «RingBr {8)- (B S)ir(0) rios?(6)

i1 lumnation curve as that shown in Fi jure 1, E([err]) .is given by L(0),
)

wher eas one1 + { r+tant(a sin 2(0)) - (’b"'#abj) sinz_(ab)}cos2(6)

where in this case, p(0) = [H'ﬁ_nﬁ) sin2(c) and ¢ =2 a + 6, one then derives the

lifferential on:
" 9 -
do. (1 _2tcz)s)a] in(cr) cos(o)) d(in{p()}) sinZo

Such a first order differential equation can be solved by giving a limit condition

15 according to which a beam from a point of tangency originating from the right of the source
3 as seen from the element 5 to the end R} as mentioned above, is reflected parallel to the
plane P of the source 3 such that at this point 8 = 0. In one embodiment of the invention, the
luminance L(8) must be attributed accurately should for example local conditions like B>y

‘occur. The latter condition(s) become(s) apparent with the practice of the invention.

20  The present invention permits obtaining illumination curves of substantially any appearance
by inputting the desired illuminance function denoted by E(8) above. For example, for a
constant illumination curve as that shown in Figure 1, E(0) is given by L(0), whereas one
can also input a function E(6) = L(0)*(1 + tan(0)) to obtain another desired illumination

curve.



can also input a function E([err]) = L(0O)*(l + tan([err])) to obtain
anot her desired illum nation curve. WO 97/ 06454
PCT/ SG6/ 00009 11 | NDUSTRI AL APPLI CABI LI TY The present invention is
primarily applicable in the lighting industry where nost commerci al,
industrial andweeigéesati al illum nation systens are refl ect orpchmeesooober ei n
the primary source of light is a linear fluorescent lanp. In this instance,
the invention is 5 particul arly superior 1-{1 the control of |ight
distribution (in the formof the desired illumnation curve on the target
surface) within a space or targeynpiRTRIRL! £ AW§rEger 0 or mni mum
(considering material losses) lig 0SS W Terlectors. The present
invention is also highly applicable in industries; for exanple, in
seni - conduct or Thenpresant Uinventjo ris carirsarly vipplicablen du (e flightinga rindhistry awhémf masted
(IR cylindrical source, nust be distributed 10 uniformy over the wafers. -
The exanpl es cicPREReEdsl ipdpstial and msidential iljymipation systempyiare T Bﬁedt?@‘q%g}‘?

06

o

et Saae 00000 PRI R ¥ ot B BAE ARz e i B fvepion i o

of reflectonss fhmiclafly! dupelidrCidl the Odinfr8l @F light Histibition YIH e’ forfd of théldeifed! O

a vertical plane (P), of "four cylindrical reflective elenents (5, 5 ) and
(7, 7)), two orilleainhticn chevesdn théargensuifape)avithi £3pace ostaget adep whike énsuring Zero or
reflective elements (7, 7) and the outer reflective elenments (5, 5'), both
of whi ch conbi rinimumy (eonsideringspatariglilosses) light loss withip thefreflastorss The present gFventignde
of the said pl 48 Glso highly applicable in industries; for example, in semi-conductor manufacturing
processes where energy from an linear infrared (IR) cylindrical source must be distributed

10  uniformly over the wafers. The examples.cited serve to explain the invention and should not

be taken to limit the applicability of the invention.



(P), with the other (5, 7') being symetrical about the said plane (P).
Each point (R) of the profile of the said is defined by
the length (r) of the segment representi ngﬂmmmﬂ lmﬁmn m a poi nt of

L]

tangency on-the left of the said source (3 s as seen fromthe

sai d el ement (Skwoevdsd@ ri ght of the said plane (P), to the saifiséssnides (R ,
and by the angle ([err]) forned by the said segnent with the said pl ane

(P), the resultant ray of light fromthe saiqg source (3) form ng, at the
out put respectlve angles ([err]) with the said plane (P), characterized in
that it conprises the steps consisting ofmgaﬂ - defining the inner
reflective elenent (7) on one side of the sard plane (P), the other el enent
(7") being symmetrical about the said plane (P), which is a nodified

revol uti on of a(Bir cAoresssofor dhenprddictiompf the profie of wflettonsford cylindricalisource of

source (3); defined s startin oint (I[err]) on the axis, of the said
pl ;ne (I(D)? Ioca!t ed aﬁé‘é 5%%%%@3@5’%&@ (@Eﬁce#p efpéagﬁf%%(lléylg’éﬂi‘%éeﬂe&ﬂ{’%s

(1) esebred {1 om hgchabecds98la o5 e e st T sl bA
inner el enmenk (7) byrhb&iveWenfentd @ rﬁ}h&ﬁfe%l}xﬂ&a{@emﬁ,@a@ &P, m&fhﬁnch

output of the ray of [ight that originates froma point of tangency on the

right of the said socomising €3)yield ascontimidys tdfiectbeprofile(BET) dtl atigwide of the said plane
relative to the said plane, and also by the angle ([err]d) formed by the

said plane (P) and t %MW&%(&)M’)@M@%MMMNMWKD@M)PW(E-)S
a point of tangency o the sou - def posj tion of_ one end
(Rlerr]) of the said® ‘éfd éyﬁggﬁ?"gg’ Jheslength @) {‘B? ent
separating said poin gﬁiqﬁ
13 seen fromthe ri g*ﬁ’%u@g ement ﬁ%&f M‘tt{f%%@%glggl E‘%Fsg{r?% ).
and, from whigch may gy deb Frolethe SHid blefnent(S)on thé AT tHeGaRHank (PX td the s4id pbie
sai d inner el enent (7) or be situated on the downstream of the said outer
el enent (5) away fr o) had by theianglel (9 foemed by de said scgmentawith therseid plnsr(@)tthe
(7). andal <o From an gogh ¢ Lol siat 42 id Stk ) Sormin, s th o, respocive
angles (0) with the said plane (P), characterized in that it comprises the steps .

consisting of:

15 - defining the inner reflective element (7) on one side of the said plane (P), the other
element (7") being symmetrical about the said plane (P), which is a modified
revolution of a circle as obtained from the cross-section of the said source (3);
defined by its starting point (I4) on the axis of the said plane (P), located at a vertical
distance (g) of at least one source radius (t) measured from the said light source (3)

20 to the said starting point (I3) and defined also, by its terminating end (I¢) of the said
inner element (7) by the angle (i) formed by said plane (P) and the output of the ray
of light that originates from a point of tangency on the right of the said source (P) as
seen by the left inner element (7%) relative to the said plane, and also by the angle
(84) formed by the said plane (P) and the segment from the said starting point (Ig) to

25 a point of tangency on the said source,

- defining the position of one end (Rp) of the said outer element (5), from a desired
distance (1b) separating said point of tangency on the left of the said source (3) as



5 continuation of the profW el ement (5) has to
account for the dimnishing contri the Ium nance fromthe said end
(R[err]), and which depends on the s “ mn\ defining an
illumnation function E([err]) corre ﬂﬂ H‘ red target

illum nation cyjyeech@r [err], associ witt hwa Buni nance L (decsdcdoboddye t he
formul a: 10 E([err]) = L([err]) cos[err]([err]) = {2t sin([err] +

[err]) - (t + g) sin([err]) + t). cos[err]([%r]) + ((r +t tan([err])) sin
2([err])} cos[err]([err]) if the said end (RD) of the proflle for the said

| 5 d |
(7) 5 and an 111 um ndriofon SR ot o) Sl e 1l o ] o T
cos[err]([err]) = { ndly eltthét bbqual @/tht tefmirafind ):nd*(lg)tofsthélﬂl&hfnlar elb@Extl 1) or bd

+ g) sin([err])) 15 cos[err]([err]) { (r[err] +t tan([err]))

sin 2([err]) - (r +sttuatmxmerdmmema@mqomammat(sp@wﬁpmmetmmd :

end (Rlerr]) of the profile of the said outer elenent (5) is at the

downst ream of t he s#&nd (e) efthasaidinney glsment @mand alse fom anangle () keyve wtlw}xﬂle
det er mni ng fromsaid.en copy di nat.es aof ch, poi nt

sai d-profil e of the ?ﬁ%”gﬂ% g%%éelé%@ﬁ 1t(]g’f Flﬁ'b‘elttt{éfgﬁ f‘g E)" e
equation: 20 [err] ‘Qﬁﬁinf%hﬂ# 'uﬁlﬁlaﬁ Naid€

2([err]) and the value o e aneﬁugﬁ[og%f l| S eq{?a :tn t [errf“Kti t%%)sa]q?/whlch
14 (2). A process depénds be thie'saidsegmep0rgf. t he profi I e of reflectors for a.
cylindrical source of light (3) symetrical relative to a vertical plane

(P), of four cylindrical reflective elenents (5, 5') and (7, 7'), two on

each side of the sai-defiring gupjillweination: fengtiom cE(O) reomresnonding ttoy e desised ntazget
(7, 7") and the outegreflectlve eieimsnts whi ch

combine to yield a Faf”sﬁ?éﬁ%‘fq@ & lumjgang ghatgs ﬁi@iBYWJWthe

said plane (P), the other profile (5, 7') being symretrlcal about the said
pl ane (P). fgch .E(9)=L(6)w82(9)={2tsin(BL+B)-(t+g)sin(6)+t} cos2(6) +

{ (r + t tan(a)) sin 2(a)} cos(8)

if the said end (Rp) of the profile for the said outer element (5) is the terminating end
(Ie) of the said inner element (7), and an illumination function, for [0] <v:

E(8) = L(8) cos?(8) = { 3t -+ 2t sin(By, + 6) + 2t sin(PR - 6) - (t + g) sin(8)}
15 cos2(8) + { (rp + t tan(ab)) sin 2(ap) - (r + t tan(c)) sin 2(a)} cos?(8)

if the said end (Rp) of the profile of the said outer element (5) is at the downstream

of the said element (5) away from the said inner element (7);
- determining, from said end (Rp) , the coordinates of each point (R) of said profile
of the said outer element (5) satisfying the differential equation:

2 .
%% (1 +2t:€es)a) — sin(e) cos() d(]n{d%(e)}) - sino

2 {da, .

25 (Sge st
where p(0) is equal to (r + t tan(c)) sin 2(ax) and the value of the angle o is equal to
¢-90.

20



point (R) of the profile of the said outer elene I's defined by the

| ength (r) of the segnent representm{;ﬁom a point of
tangency on the right of the said so ‘m‘“\“ fromthe said el enent
(5) on the right of the said plane (&@i\i‘\ ‘3 “‘“ 18 the said point (R),
and by the angl@o(s%ﬂsl) formed by t Sai disefyneht with the Lsholdtios

(P), the resultant tay of light fromthe said source (3) formng, at the
out put, respective angles ([err]) with the gid pl ane (P), characterized in
that it conprises the steps consisting of: - "defining the inner reflective

el ement (7) on e Sj ' a t 1 s e

element (7') be@gg s{/‘ ?octg;rsi %Q&W‘%%@é E) gtﬁrgﬁ % fo\f/rsﬁ cg%ca%source of
nodi fied revol ution nghtgs)@yfnﬁie&iealsrduﬁwwedgefﬁcammqp rF TonrSihdriial fifiektive
said source (3); defined by its starting point (l[err]) on the axis of the
sai d plane (P), | ocadlements (535)and (7,0, twe barach {idp oftthe zaid |ptame t(P) censisting the
radius (t) neasured fromthe said light source (3) to the said startin

point (I[err]) and daperrefiective elempgis(7.57) anchtheuten gefleative elpments 15,07), bath of
aid 20 i nney, el enent  (7),,by the angle er f.or med b) id .
Sane (F) arl the ol bHigh SOROIG 4K Sponiagin hct A 7D o8 one site 2 s i
ft f th ' i, ey . ind
Cnner ot oment (7). 1 P8y @ otk prdtl (5. PGy abnobaP bl MY i plent () Btk
([err]) formed by t hsoimaRY ofthe peofiiébf the Gail ldftes elonEit!(S) & @efihddcbystht tengthor) 6 g
point (I[err]) to a point of tangency on the said source (3), 25 -
defining the positi othe ségment representify theodistedre fom d point of tangearynn thef rightiof the

desired distance (r[err]) separating said point of te}&%en.géron t he right of
the said source (3) %ud sougse () avseem o the caid elemant (S)qnthe pght;of the-saidplages(P),

| at i t h id R), g0d VWO 97/ 06454 . . .
pCT/ SGo6/ 00tbe 151 rSIE RELRHLEape e 508 (8L g ot i s i i ped
(I[err]) of the sai dpM!”'g?,ﬁé%ﬁm&ﬁl@ﬁt@&%ﬁﬁﬁﬂr&@(ﬁtﬁﬁmﬁ VA Sl SApitOf
the said outer elenment ( away fromthe termnating end (l[err of the
said inner el enent (mspectivedangles (B)f withrttersaididne (P), characterized in that it: comprises the

steps consisting of:

- defining the inner reflective element (7) on one side of the said plane (P), the other
15 element (7') being symmetrical about the said plane (P), which is a modified
revolution of a circle as obtained from the cross-section of the said source (3);
defined by its starting point (Iq) on the axis of the said plane (P), located ata vertic_:al
distance (g) of at least one source radius (t) measured from the said light source (3)
mﬁlesﬁdsmrﬁngmmtad)mﬂdeﬁnedﬂso, by its terminating end (Ie) of the said
20 inner element (7) by the angle (i) formed by said plane (P) and the output of the ray
of light that originates from a point of tangency from the right of the said source (3)
as seen by the left said inner element (7°) relative to.the said plane (P), and aiso by
-the angle (04) formed by the said plane (P) and the segment from the said starting
point (I) to a point of tangency on the said source (3),

25 - defining the position of one end (Rp) of the said outer elément, from a desired
distance (rp) separating said point of tangency on the right of the said source (3) as
seen from the right of the said outer element (5) relative to the said plane (P) and,

Ty



([err]) beyond which the continuation of the profile of the said outer
el enment (5) has to 5 .accoun ng contribution of

the lum nance fromthe said end (R[err epends on the said
segnent (r[-err]). - defining anillu m”mimm Q(i E([err])

correspondin &) red target il wm ra for [er at ed
W th apl umI ngnce E?ﬁ‘grr]) by tge f:)rrmla E([err]) = L([erE])Prd,ﬂscﬁé/&daﬁd )
cos[err]([err]) = {3t + 2t sin([err] + [err,]% + 2t sin([err] - [err]) - (t
+ g) sin([err])} 10 ' [err] if The sald end (Rb) of the

fil f h i | h d f
Phe 5o d | mner ol amE (o tERY eiher b4 g s, Krivabe, At figf of e b il
E([err]) = L([err]) efeamh( &[se.rglhﬂedo{nﬁéd&n%&e&h Bf tHe"shid ohu&%rédanm?anmy

sin([err] - [err]) - (t + g sin([err])) [err] he sald end-

(Rb) of. the profil efmhﬂheemﬂnaﬁnguneﬁe)edf&hesﬁd(nﬁ}relemait(‘l)hmdcktwﬁchmanmgl’é
the said elenent (5) away fromthe said i nner el enent ; - determning

fromsaid end (Rl er r(q))beyvmiew@%ﬂvs|cnant@su@foféh&;mo@suqﬁthe(smﬂ oyter slement;ﬁsbmte
f th d .out | t ni | t
50 wher o p(Barr]) + cuaLior e GRiaishink Gt ph te Naipie. fEh, b st ond TRRY o

ais equal to ([err]ank%{hiéx)deﬁendqonthesmdsegment(l‘b)-

- defining an illumination function E(@) corresponding to a desired target

illumination curve, for |6 <v, associated with a luminance L.(0) by the formula:
E(6) = L(9) cos2(0) = ¢ 3t + 2t sin(By, + 6) + 2t sin(PR - 0) - (t+ g) sin(0)}

10 cosz(e)+{(r+g-;(-;)) sin 2(c) - (q, +ta—n%cﬁ) sin 2(ab)}cos2(e)

if the said end (Rp) of the profile for the said outer element (5) is the terminating
end (Ie) of the said inner element (7), and an illumination function, for 0] <y:

E(6) = L(0) cos2(0) = ¢ 3t -+ 2t sin(Py, + 6) + 2t sin(BR - 6) - (t + g) sin(6)}

cos2(0) +{ (rb + tan(tab)) sin 2(op) - (r + En('t'Ei] sin 2(c) } c0s2(0)

15 if the said end (Rp) of the profile of the said outer element (5) is at the downstream
' of the said element (5) away from the said inner element (7);

- determining, from said end (Rp), the coordinates of each point (R) of said profile
of the said outer element (5) satisfying the differential equation:

din{p®) .
5 - s

20 do (1 2t cosza

B U —W) = sin(c) cos(ct)

where p(0) is equal to [r+ n(o; )] sin 2(a) and the value of the angle « is equal to

($-0)2.



