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5 TITLE OF INVENTICN GAS SENSOR FI ELD OF | NVENTI ON

The present invention relates to a gas sensor and then particu- 10 larly,
but not exclusively, to a gas sensor with which the contents of a gas
sanple enclosed in a gas cell or cavity can be determ ned or anal yzed,
wherein the gas cell has the formof a bl ock and the cavity walls or
parts of said walls are highly reflective (mrror surfaces), wherein
the cavity has an opening 15 or sone |like neans that functions to form

I icom ng |ight rays into a light bundle, wherein the [ight bundle is

I ntended to pass said cavity a predeterm ned nunber of tines so as to
define an optical analyzing path prior to the Iight rays being

refl egt edpbyre orF fRERTIoNOpposi t gawakkngerts in a direction such as to
pass 20 t hrough an opening or |ike means for outgoing |light bundles, with

the. aid of at |east three opposing, concave |ight-reflecting wall

parts. FIELD Byrt hevexpr@ssi on "openings or |like neans” is neant on the
one 25 hand that the cavity and mrror surfaces shall include at |east

one hole for receiving incomng |ight and at |east one hole t hr ough
whi ch |'i gbheeprésentninvémtidtherdliagles £bakl gesi semsoorend thenskd&tdbua

mrr su a, S I ne si.d f I ce on the
ot hefOnandePEg, ot PRGE e £ChE1 1 0N 80 Ea 8 oBulBE Rty i cHIEhBCC PR L 0C
are whol ecofthentsief n@tmmgsmplm @V@ﬂpsﬁdghn a gas beglg Icmsdtyt casnber on

one side Bétérﬂlﬁé@roﬁuéxfxé%é&‘d dnle&etm the ﬁﬂ&h%ﬁ&%@ﬁ HemOb£Mar €

hol es, or vice ve q ditionto e aforesai d three opposing,
concave |PYREK %Bd FQ&I%&Y%?&]W&% PEr PETLENRL c3R1F Wakhs TS0 hHePdY| i it ed

by reflective (mirror surfaces), wherein the cavity has an opening

15 or some like means that functions to form incoming light rays
into a light bundle, wherein the light bundle is intended to pass
said cavity a predetermined number of times so as to define an
optical analyzing path prior to the light rays being reflected by
mutually opposite wall parts in a direction such as to pass

20 through an opening or like means for outgoing light bundles, with
the aid of at least three opp051ng, concave light-reflecting wall
parts.

By the expression "openings or like means" is meant on the one

25 hand that the cavity and mirror surfaces shall include at least
one hole for receiving incoming light and at least one hole
through which light exits, and that the llght shall exit on one
side of a mirror surface and shall enter on one 51de of a mirror
surface on the other hand, in which application of the invention

30 the mirror surfaces are whole. There is nothing to prevent light
being allowed to enter on one side of a mirror surface and light
to exit through one or more holes, or vice versa.

In addition to the aforesaid three opposing, concave light-
35 reflecting wall parts, the cavity may also be delimited by
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opposing light-reflecting wall parts. However, since the | i ght
reflected fromthese further wall parts will not contribute towards a
better understandi ng of the present invention, the ef fect provided by
said wall parts has not been described in thIS 5 docunent . A gas
cell of this kind shall be coupled to a gas flow to be anal yzed and to
t hizs end i ncludes inlet and/or outlet openings, preferably in the form

of tube oréﬁo connect i, ons a%tpo h Hne 10 rlnﬁ £S.9f L he_invention

can also b “&%ﬁﬁFeSPRﬁéﬁnghéla Teriecting walli pargs Y?%ﬁﬁ@ TP e

into or outlightt refdavitey. from.thege |fgithegsowadd pbatshuslh.mwtxpnnnmwknange
adapt ed for gffitrﬁr nbggtfg un&@fsrtga?'g&dlﬁ?%t %hfokh%h?rggﬁnerlm&{] Xhe

anal ysis, prerérab I's Connected to the gas
cel | and aefdset prowdeﬁgwwwnealraemtsl hesnned beentfesenikrdhipddudge
of exitg Nggocumentef | €cted light rays and located in wall parts of the
cell, is provided with a wavel ength selective filter, a spectral
analyzing arrangenment or |ike arrangenent for evaluatlng t he

fL equency- A2@as &@n]gndﬁnemef kife® $haQi Hemc_@n@d/ iltamhaadat@ss efd v mu§ i ng

t he cont nts of t g in_questi.on, an r . the .concen ion o sal
cont ent . nalyz YZEEsARAp Cﬁﬁtﬁ ?@E qEﬁTaE ot ouééﬁ

t he earl | eprefardpdiyntinotheefbrm qui stube tdre hose cpnaeehionsntaktthougé'f arhaance
IS ma C e At L,an ' |

PCT/ SE96/ é%%%fi lrijregs%grqglf’% En%ntlon é%/\edeaé}%%Patge%#pgp&?l ca ﬁilgéé%g:o
04020-0). 3@ analyR@ﬂenen@élDBeal b dueifarseo inftios ogubbt caf | t)me w:a\hltnegar dto
t he definition of ternms used in the present docunent.

A light source that has a frequency range adapted for determining
the contents of. the gas or gases under analysis, preferably an

15 infrared light source, is connected to the gas cell and an ope-
ning, or like means, intended for the through passage of exiting,
reflected light rays and located in wall parts of the cell, is
provided with a wavelength selective filter, a spectral analyzing
arrangement or like arrangement for evaluating the frequency-

20 dependence of the light intensity and therewith determine the
contents of the gas in question and/or the concentration of said
content.

DESCRIPTION OF THE BACKGROUND ART

25 .
With regard to the earlier standpoint of techniques in the
present context, reference is made to the subject matter of
International Patent Publication PCT/SE96/0000 (corresponding to
Swedish Patent Application No. 95 04020-0).

30

Reference is also made to this publication with regard to the
definition of terms used in the present document.



WO 98/ 09152 WO 98/09152 PCT/ SE97/ 013%5‘_

3 Wth regard to the properties associated with the prese PEXT 01366
tion, the teachings of the European Patent Publication O 647 845 are
al so relevant with regard to the present st afidpoi nt of tech- ni ques,
since it illustrates and describes a gas sensor that in- 5 cludes a gas
cell which has a circular, concave mrror syrface posi ti oned opposite
a concentrically orientated, circul ar-convex mrror surface, with the
| i ght source facing sllghtly to one side of the mutually coinciding

centres of tWithriregard nid dduws propedtiasgapsoaniated cobvexhs mreseny iayen-
Causes a si1@ J;}@Ay O Adoh A of t %UEWSBQFXndPéﬁgx?@%dBH@aﬁW'@ U7t Bas

di ver gent rays to t er nat I n concave and convex

mirror sect @m also rejfsfasHy t"elrth |r@HﬁrFia§'«§ Bhe B’é’ﬁﬁfﬂ% etarsiradnt ofr fegh-a
gap_pro- e{u&@d sﬁééﬂeiw.tla.ruscte@e@seaﬁuraegcﬁwéece ga N tena® in-

havi ng 15 undergone a prﬁget rmnﬁia nunber L refl ections .and thereyﬁth
havi ng t? avetiudes i Sifh &8 égﬂtcelr Sed GPHFFELPT1 i GMCAHRMIKLF Surtage p
Orlpredeterrﬁd%&kfﬂﬁé&“ﬁﬁposxte a dongeh€rfcellyhdsitaiedquliireailia@hconvex
illustrates ‘an arran

I C desi ned t 0. ena Iectlon
of one of t WYY eiEace- w%ﬂﬁ §?§|Héﬁ§Fy§?§ bt SRS [ t1+qﬁ€} o side
with the ai bbftisepartually ratiendidghp- cantesst ofigtlys psi amd tsmuﬁagiesa
light-ray entering opening that is conmon to both anal yzi ng paths.

25 It can be assunmed that the described gas sensor is constructed so
that it501ightgardel vihfy GRIMEX My reedsshutace causense Siightlyayadiallyt pad

are coordi nac%]\?@défhlfyprdﬂ@edd@tlﬂaﬂkﬁdb@nﬁﬂ|\Q?E@ddiﬂfb:?%é‘r&n\&ﬁéht ray@ t60be
section in the gas cetl-and theréwith a di vergent bundl e

Al so forni ngepikactsd aldeRatedy faraperFe 6*dt%ﬁﬂﬁﬁ¥nﬁ%§rQ§ Fﬁ&tlon
arrangement yHeddH @ parighal |r§éyf‘sptaQél pakmabte@PROSEXIE adIRAN® a gafil bror
surfaces de5|q£q§ed "\\hite" ors.
ed in e outer concave mirror surface, subsecquent to having
15 undergone a predetermined number of reflections and therewith
having travelled through a predetermined optical light analyzing

path of predetermined distance.

Figure 6 of this prior publication illustrates an arrangement

20 which is designed to enable the selection of one of two different
optical analysis paths within the gas cell with the aid of sepa-
rate light-ray exiting gaps and through a light-ray entering
opening that is common to both analyzing paths.

25 It can be assumed that the described gas sensor is constructed so
that its light receiving means is constructed to sense light rays
that are coordinated to form a light bundle reflected in a convex
mirror section in the gas cell and therewith a divergent light
bundle.

30
Also forming part. of the earlier standpoint of techniques is the
arrangement of three partially spherical and opposing concave
mirror surfaces designated "White" mirrors.
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4 TREQ¥ M2 ors are normal | y positioned at a rel ati veP§T/SER7§E36E S-
tance from each other and the |ight source used is nornally a | aser

i ght source. 5 A light bundl e which contains nore or |ess parall el
light rays is refl ected several tines between the three opposing,
spherical ly concave mrror surfaces, and when the last reflected |ight
bundl e is allowed to pass (adjacent tHe mirror edge) beyond a mirror 10
sufface, the light rays in the light bundle are received in a spectr al
anal ysi s arrangenent and evaluated in a known manner. Al so form ng
part of the earlier standpoint of techniques is the t eachi ngs of the
Pat ent PubThesei nhrysca- SroOowmed.lyThposipdbhed 46 a cmliadn wédycdiayge dias-

ar rang_en‘enf_%lflgé fr&ﬁagga&@té]ﬂ?é} A hiePh§gnt sohfld 8PN Loldrmally a
measuri ng e absorptron o Ight 1n a measuring gas. In the ngésurlng
arrangenenlasan thghbns@uEsRy - ture is imaged on an exit aperture via
an ent pance aperture mrror, a field mrror and an exit aperture

mrror. 20 . This arrangenent is i.nproved in fhat the tigmati sm of the
i magi ng er%o}lggtégﬁgég%réh#%%IQ§ﬁ}@égg ﬁéFetth ?ﬁﬁ;ﬁﬁﬁéli;ﬁg%lgh%?GFﬂﬁoﬂs
tﬂe ?perlt uref bectod Ssése rhrtainiam beltyedaf tlgedtbyeﬁlrbpposhieﬁ,i Bptied ivBRLYI N
the foca t_spac | i mat.e equ t al.f the distan
botveon  HECRTRYEHREHAGE | S PPRIC! TRLCleROrne STl i NS g hRRGTe
THE !NVEbHii»allG@ed to pass (adjacept the mifEﬁf%#d@%)'Eﬁ@BhENﬁ mirrorWhen
consi g§1 ! NGat L ACtnd MEghNe-ARCNA! ¢l JEbhPCLEANS MR 1 ved®lR &
| st und e o find a

nor mal ski nthis art 1 ertake in“order
spectral analysis arrangement and evaluated in a known manner.

Also forming part of the earlier standpoint of techniques is the
teachings of the Patent Publication US-A-5 009 493. This publi-

15 cation describes an arrangement for a beam path in a multiple-
reflection cell for measuring the absorption of light in a
neasuring gas. In the measuring arrangement, an entrance aper-
ture is imaged on an exit aperture via an entrance aperture
mirror, a field mirror and an exit aperture mirror.

20
This arrangement is improved.in that the astigmatism of the
imaging error is considerably reduced. For this purpose, the
form of the aperture mirrors is approximatély defined by an
ellipsoid wherein the focal point spécing is approximately

25 equal to half the distance between the entrance aperture and
the exit aperture. S

SUMMARY OF THE INVENTION
30 TECHNICAL PROBLEMS

When considering the fact that the technical deliberations which
one of normal skill in this art must undertake in order - toc find a
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5 sol uM A5 ne or more of the technical probl ens r el aPEHSEY /01366
anal ysis of gas and gas m xtures involve on the one hand the

realization of those neasures and/or sequence of neasures that must be
undertaken and on the other hand the selection of the 5 neans or those
nmeans required in to put these neasures into ef fect nmake rel evant thes
foll owi ng technical problens in the dével opnent of the present

I nventi on. When studyi ng the known art referred to in the

21 0r 0901 N0, A, Wl lord® ORBLENGE oL LD AR, PIABKTNCES LIS oo ne

providing a udes a gas a gas
| izke neans analysawd Otfh&as\/\rarlriegaer mgxeumghxmgdum:@m\rtm onei hsnel thght

bund| e rédﬂf%dﬂT%n?%%‘%ﬁo%% h@gsﬁﬁésséﬂﬁyHr(Eeédgidéa%fcﬁbhsﬁég§e§héﬁ

light rays to be reflected repeatedly between opposrng concave
parts that Mustnbs vRsleritzkepnsnd ef the @i hagid fheaselectiopnefethe and

that i s abh@an® ROhdSed mReadsdebglle@dinwWButofthese meakheeki eASoand

therewith a tical analysis h of redet di stance, within
the gas cel§ fo(,e%\ﬁ fake, e SVRRT Efi o?o g te echrgigal; Hﬁf’gllrﬁglsréT‘aW@el y
smal | extekﬁ&ﬁehwpmentloﬁsthadpmhséet2£hveﬁnmﬁn¢|ng the principles applicable
to "White" mrrors but with t he shape of the opposing mrror surfaces
nodi fied in accordance with the invention. A techni cal problem
resi des i nWhesatsitigyiwgt khenknaivd aft siefsrrezb tongas thesafovadoingnsiti t h

regard g o 439 1Myef %eaheae% gf téeﬁmcal SRURE f@@,'lheea&hspw@&dgr}!g' a€gabl e

the light rays emtte source to be conver

f ocused t 0\Rr Qﬂ@to&PFéﬁdes a 6%%n¥W&F§H33449§ e SAS 8V§ﬁegh@ﬁ { hke | me@ms

bundl e is igfid lt@a'a't}’whlle REQAQUACEIdNt 0&@@&6%1@% 'ehlﬁgtﬁrhéﬂé‘ kayaly. 30
A further te hnlg g Ienrlg one of reaI|2|n& advaTE that are
obt ai ned wh GEVEhY Phr EBE oFHDSTHE IR P h§uﬂﬁéc€§ aﬁ§%ﬂ He a

doned shapdightth ralys donbesrmaflectédaregedtfedlfy deftukln opposing cdMrave

98/09%§2 wall parts that form either the whole O%CI£§E2369%§6§r a part
thereof, and that is able to provide a pre-determined number of
reflections and therewith an optical analysis path of predeter-
mined distance within the gas cell cavity, with the aid of a gas
cell that has relatively small external dimensions and while

20 applying the principles applicable to "White"” mirrors but with

the shape of the opposing mirror surfaces modified in accordance
with the invention.

A technical problem resides in creatihg, with the aid of simple
25 measures, conditions with regard to the mirror shapes of the
concéve Wall—parts that will enable the light rays emitted by a
light source to be converged and/or focused towards an outlet
opening or like means even when the light bundle is initially
pronouncedly divergent as it enters the cavity.
30
A further technical problem is one of realizing the advantages
that are obtained when each of the three opposing mirror surfaces
used has a domed shape with the dome smaller than half of a full



6 elli agnd with the dividing plane of the dome |ocated
wi POy

par al | el %&en rotational ‘axis of an el lipse. HAT/SE97/01356
seen t hat a technical problemis one of realizing the 5 advantages that
are obtai ned when the dividing plane of the done- shaped part is
parallel with the major axis of the ellipse. A further technica
problemis one of realizing the conditions required to be able to use
two al nost identical ellipsoidal-parts 10 and to position these parts
with their concave nirror surfaces faci ng towards one another, such as

to formthe requi.s aV| e et rror
surfaces. gl{ CE éYFPﬁeglvég gcgfg% é# 4% %%§ﬁ9i§F9F5§|lzing t he
15+ advarpamgﬁ‘slet]hantzhea albtoziene donbthonak atis heSarelelippeedal - parts

is divided into two sub-parts and the conditions that are requ- i red
in this respect, and thereafter either noving said parts t owar ds one
anot her orItamy’Llf eEmseen dbetther technscad poodemrise one ofoppadiimgngi ther
surf acgs M&%&a{;éé et ot iR ! ug@ﬁ YO &2 ng g@QnEOSF,'St fghat s

w thin the cavi al so be seen that a’technica
re5|des i rehared part lﬁlﬂﬁrﬁhlﬁﬁ WhEhaFHedm339¥nﬁ¥%§n9§n§hecéﬁéFP§6ns

whereby with the aid of a S|ngle | i ght source whose Ilght beamis
conpri sed of 25 dlver ent rays, and th the .aid
bt o K iginey mige loPZPPRER LS 206 0§ 2 06 FheckORORELARF <

respect i versqeitadl toarnsd phl@g taar naepgéewenalmest hiddritkiealaeddipsoidatsepsotsi s

bl e 10, IR OGNS SO 9L PLUER! LEY O HRRGR prrol ORBAHLT UrES

and/ o therb ons 0 as constituent neousry”in a
gas cel | afacingdawardst omaeamdhehe supk as to cham thet requisite cavitwil |
al so be segh ¢ty tRANNIHAWRNOBLEA hESLILSshIE IV d- WO

98/ 09152 PCT/ SE97/ 01366

A more qualified technical problem is one of realizing the
15 advantages that are obtained when one of these ellipsoidal-parts
is divided into two sub-parts and the conditions that are requ-
ired in this respect, and thereafter either moving said parts
towards one another or away from one another so as to form three
opposing mirror surfaces with a reflected, wandering light bundle
20 and focusing points within the cavity.

It will also be seen that a technical problem resides in creat-
ing, with the aid of simple means, conditions whereby with the
aid of a single light source whose liéht beam is comprised of

25 divergent light rays, and with the aid of two or more light
exiting openings or like means in the gas cell, each with its
respective spectral analyzing arrangement or the like, a gas
sensor is able to determine the contents of a plurality of gases
or gas mixtures and/or the concentrations of the gas constituents

30 simultaneously in a gas cell and a cavity of one and the same
construction.

It will also be seen that a technical problem resides in provid-



7 I ng sor relatively small external dinmensions that is
able to determ ne tﬁ?a concentratlon of a gas or a gas mi xture PCTSEQIRNBGH a
wi de anal yzi ng range. 5 Inthis regard, a further technical problemis
one of providing one and the same gas cell and one and the same cavity
W th conditions that will provide a desired w de anal yzing range, by
dividing the analyzing range so that it can be represented by optical -
anal ysis paths of nutually different | engtfAs and thereby 10 be able to
readily use different optical analysis paths or di stances within one

and the sang, agl&é(sléleﬁsaésoﬁeéélauvely s}nhlw bkt &hsol heimaen ddattiat is
technical problemis one of realiz gﬁl he conditions that mAII enabl e

two or nor e2P1ghto rdgteMIRG s © tﬁé§18f‘ PEkR FRAMRY 13 75 JHKAWE i n

the cavity Qithintdewdds analyLiald range.of realizing the significance of
al l owi ng each such opening to be positioned so as to represent a

pr edet er m ned nunber of light-ray reflections and therewith a
predet esm ned this rmyémb,l ankinttier pachnfiicein pheblemghis sme aef bviding
When a gas cell |nc Vv, | . 41,0 exl ki 0, '

t echni cal p?%%l ‘Lé ea"sﬁ?nﬂr%a e:lel %éldt ﬁe(?s?ggr%l [ ca%%géo pltay with
mtting onecnpéntn@n$othaﬁwwmiﬁupanldptBcdbsanadyuldﬁrnnaﬂxzmng range, by

devi ates 11011 hen @il A1 lothcPageh <8l B85 OPENLIO naiLI R feq by

condi tions reqU|r technica mi1s one o

provi di ng aPPFhme} 2RatxsLT Paths Wit Rutsgaty ﬂbfgﬁﬁﬁﬁﬁrkf%ﬂﬁhﬁnR¥QnQNﬁﬁEbY

surfaces Whehamiéltenedd@ily udddififerentsept 8685 dabpsiLadidhs or

coor di nat ed and t her ew t h, 30 rov redeterm ned optical .analysis path
bet ween Ilgﬂfs ances Wi S0 ggﬁl gmﬁaﬁa8+€$rﬁplqlg?qrF%ﬁ%oncave

| ar ge n1rror section. WO 98/ 09152
PCT/SEQ?/Olf will also be seen that a technical problem is one of realizing
the conditions that will enable two or more light-ray exiting
15 openings or like means to be provided in the cavity or in the gas
cell, and of realizing the significance of allowing each such
opening to be positioned so as to represent a predetermined
number of light-ray reflections and therewith a predetermined
optical analysis path from the light source.
20 '
When a gas cell includes several light-ray exiting openings, a
technical problem resides in realizing the significance of per-
mitting one opening to represent an optical analysis path that
deviates from the path afforded by each other opening, and the
25 congitions required herefor.

Another technical problem is one of providing an inner structure
with regard to opposing concave mirror surfaces which will enable
the mirror surfaces to be readily coordinated and therewith

30 provide a predetermined optical analysis path between light
transmitter and opening gap or the like in a concave, large

mirror section.



8 Anogp§r hni cal problemis one of providing an inner structure
with regard % I ng concave mrror surfaces which wll enpdtsre7e13s6t he
mrror surfaces to be readily coordinated to provide two separate
optical analysis paths fromone and the same light 5 transmtter with
the sanme or different |engths between the |ight transmtter and
openi ng gaps in associated mrror sections or the like. Anot her
techni cal problemis one of realizing thessignificance of 10 i ncl udi ng
one or nore openings or Iike neans and to provide each of these

[ nb f |
open 195 ok, 8L QUIORL-EL 58 L ERSIAS, WHlIos SRUFLEN Ny s AT tSce
arrangenenwith tégarﬁmbmrmprsﬂﬂgnanﬂcawﬁomhencresm:&&ces1whxﬂh(Nu#} &nghde
k- . Sate ;
el | - par s the MEEBQE G facddl L B BLANARPESLAdi AT CF R tve
to gi 8eparat¢s©pbic@,h|aﬁwﬂlspmthpof-ﬁpﬁn@n% anchdie dameh a8 es it

to be pl aced RRRPEELE H Pk Wohs QRInfd RAt @qf@e%he@e&&tﬁéﬂ%m tHe light

wal | - part gortlon Anot her techni cal 8 |lemis one of reaI|2|n% t he
si gni f i canBEapFmitter B¢ 1ORRPIM%G FRRo HPd8ff Eé?t%ﬁ‘ndmr’n"ﬁ%lﬁef%ﬁﬁ’o%é’df

el lipsoidalike. portions and that a shortening of the second portion, a
predeter- 25 m ned section within the central region, and a bringing -

t oget her of these, alternatively a division of the second portion and
separationAnbtherdteohmiomB pﬁdblqmwﬁs @aeaofongabxnimgﬂthﬂuﬂhgﬁificancepaﬁh

cot 1 e10 ondy ”glug 1Sne ¥ eo%%se'g t%roh rﬁé‘%g and, td }?ﬂ&(ﬁ 29 RN

W t h smaH‘ tene sec I on~-an a sma ' separ
di spl aceneaf bhesau oo Ny e aaqdumb@@ wér said 0pemnqmm1ﬁ‘éw a e@wﬂl@@lgth

probl em reééﬂ@étwerfﬁitéf Neddie a5 G fingaReerence 1t 4 H&S/&d\éa“t ages
af forded by arranglng 1] I ght source WO 98/ 091
PCT/ SE97/ 0%Regtra aly51s drrangement.

15 Another technical problem resides in providing a gas cell in
which each of the concave, opposing light-reflecting wall-parts
constitutes a portion, less than half, of an ellipsocid, and to
give a first of said wall-part portions a length which enables it
to be placed opposite to two coordinated portions of the second

20 wall-part portion.

Another technical problem is one of realizing the significance of
starting from two identical and mutually opposed ellipsoidal
portions and that a shortening of the second portion, a predeter-
25 mined section within the central region, and a bringing together
of these, alternatively a division of the second portion and
separation of said portions will provide a long optical analysis
path corresponding thereto, with a possibility of a longer
analyzing path with a smaller shortened section and/or a smaller
30 separating displacement of said portions and vice versa.

Another technical problem resides in realizing the significance
of and the advantages afforded by arranging the light source



9 and/ owg sypeldoht -ray inlet -opening centrally in a first_wall-part
or portion, whi Iiem’a??gngi ng the Iight-ray outlet openings or |if&H/SE97/01366
nmeans laterally within said first wall-part. 5 A technical problemalso
resides in realizing the significance of adapting the light source to
a radiation angle that covers two nmut ual |y opposite second wall -part
portions, so that each of said two second wall -part portions are able
to reflect a respective one of two coo?di nated | i ght-ray bundles, such
that each of said 10 bundles will be reflected between an opposing
val Ih parlt pqﬁgm tlhe 1a@ehtgra9mnim¢erpmg mrttﬂal][ly in a fifset hen.]}—part
techni cal problem.al so resides in the significance o rranging for.
a.first |igt PRFHER & ee?FFa?ﬂ+%%gﬁg%.£*éﬁﬁ Ty 986%%Fn§p§Ha gssgﬁo%ﬁke
| i ght -ray burdins atedall lyhwatighnasasid ofitirst waldpgraintg, sai d openi ngs being
positioned equally or unequally from the |ight source. Anot her
technical problemis one of realizing the significance of 20 causi ng the
di ver gi fg | ixghteahaisatlr probilemedl $¢ onesikes i ghtrealizigguitbe soghéficaneet ef
conver gi ngl v, ang ithersrf tegntebbestetio a rAHMEIHNANG1CORYEr 8bYELY. R
so on, witht rays 1n theé | ast reflection being convergent in a part
of an el lipdwity@allyooppesite seegnd wrthkePart RAFJOBS ¢ Fe Fpagte§ﬁhr€§ gaid
It _hehlt i gh]E |_ r Q%Qcﬁ@etddm ar'éllll-@E@Bi ﬁ@r@ioz@@ﬁ&@_ﬁ&ﬁ»l@ Iﬂoi Ifgfm@aaSait ﬁetsb@cfivét

i ght-reflecting wal | -part. . Wi al so be seen that, a
t echni cal pﬂ&ﬂ(Qﬁi§¥°oﬁ@°699P§£Fgz}+ﬁPt’raytQHPQ$%iﬂ'FPEQngEaneaﬁH phesaid
advant ages gaintd@sbwitilebabirkflycted 30etvmare amepposiagewhil yhpasbupcesion
| aterally fr a central n that each alternate reflection
point in thé_‘%?%rast”"(Efﬁt-“’ab'{il ﬁaf%f T #%g'mall-part will be Located on a
respective side of said central plane, therewi th enabling
|1 ght-exiting Qe REEhAichiKBroblem also MRiMYDIEO2he significance of

PCT/ SE97/ 01366 i _ , . .
arranging for a.first light-ray bundle to exit through a first

-
-

15 opening and a second light-ray bundle to exit through a second
opening, said openings being positioned equally or unequally from
the light source.

Another technical problem is one of realizing the significance of

20 causing the diverging light rays transmitted from the light
source to be reflected convergingly and thereafter reflected
divergingly, convergingly, and so .on, with the rays in the last
reflection being convergent in a part of an ellipsoidal portion
to produce an image of the light source at the light-ray exiting

25 opening or openings or like means in the first light-reflecting
wall—part.

It will also be seen that a technical problem is one of realizing
the significance of and the advantages gained by the ability to
30 move one or more light sources laterally from a central plane,
such that each alternate reflection point in the first light-
reflecting wall-part will be located on a respective side of said
central plane, therewith enabling light-exiting openings or like



10 means to be placed on the side of said central plane.

SOLUTION WO 90%2h the intention of solving one or nore of porsesfmmesai d
techni cal problens, the present invention takes as its starting poi nt
a gas sensor of the kind defined in the introduction, and proeposes in
particular that a cavity or a gas cell is configured such that a first
light-reflecting wall-part has the formof part 10 of an ellipsoid, and
that second and third light-reflecting wapl - part have a comon
configuration that also confornms to part of an el l'i psoid.

According to preferred_enbodi nents, the ellipsoidal gortions have 15 one
and the s@eansaspcbshppaced on theiside gfssaddyG§8EH2L HBtaR%e focal points
of. the first light- reflecting wall-part or the mrror surface are

| ocated in or close to the mall-%%hbi r the mrror surfaces of the
second and 20 third wall-parts, and I8¢ ocal point for the second
wal | - part and a focal point for the third wall-part are | ocated in or

cl ose .t e wall-part o ' r_surface t LS -part.

It isJar t“ﬁld:g‘l %18%85&88 ?Iﬁa%gﬁf‘é %eoc%(?n%%aﬁng’trtehg%t &%’édéaa %agcg parts
are f or nedelcharicpdr problemsel thesprekdntpdmnvientiandtakes as ib&t%ﬁaﬁﬁﬂng/_
di vi ding s8i;qell jo3oldaloRopti O | Rl YRR dn the inthdabsrpsoposed in
this respéect that a drvided section nay be renoved and. the remaining
sections giroposesdineparticuiar oHaB@ Cadither @nJBReClit ekt i SRR bFIRLRA

rotationalg @ $£ha®l at #3ks® 1ight HefENG REWA1QRpERY AHb UBhé YESEPAS Algarthe
remal_ni ng parts a

nd .. that these parts are spaced. a_giyven _di st ance
apar LG n Ofe an ellapsgidy oAR8f thak § 9&10}5369 t?&ir@. ?J“%t-rgheaw 9809152
PCT/ SE97/ @b3@6 have a common configuration that also conforms to part of an
ellipsoid. '

According to preferred embodiments, the ellipsoidal portions have

15 one and the same basic shape.

It is also proposed that the focal points of the first light-
reflecting wall-part or the mirror surface are located in or
close to the wall-parts or the mirror surfaces of the second and

20 third wall-parts, and that a focal point for the second wall-part
and a focal point for the third wall-part are located in or close
to the wall-part or mirror surface of the first wall-part.

It is particularly proposed that the second and the third wall-
25 parts, are formed from part of an ellipsoidal portion and are
obtained by dividing said ellipsoidal portion into two parts.

It is proposed in this respect that a divided section may be
removed and the remaining sections displaced relative to one

30 another in the direction of the rotational axis, or that a
dividing section may mutually separate the remaining parts and
that these parts are spaced at a given distance apart in the
direction of the rotational axis.



11 - Aap@hslpfiezt 0 the present invention, the cavity may §j
E‘fgﬁ%%"

or nore openings or |ike neans for outgoing light rays from

source, and each opening is positioned so as to represent an opti cal
anal ysis path of predeterm ned | ength. According to preferred

enbodi nments lying within the scope of the I nventive concept, an
openi ng shall be able to represent an optical analysis path froma
l'ight source that deviates from 10 paths Yhat are represented by ot her
openi ngs. One or nore openings will preferably be provided with a
wave- Iength selective filter, such as an interference filter and/or a

spectr al a | ectral anal zi ng.arranpgenent. Accor |ng to
one preferp%ﬁgéﬁéiﬂﬂr%ﬂw Hﬁ%?epﬁvéﬁFFBﬂfoﬂnt e|§5v1ty Wﬂﬁ) doGiyde BB

l'i ght -refl enditengppelingmrdrs ldfket meacavitby shogoditgnsigit rays @fromna light

I dentical or nost f p rein first
of -sai d wal12'part’s 9 ar{dj e?iiad& %(?e?lg%% QQ §£sggﬁ§kéa 5(903‘;5' tteo a TWS % Sgrtt gecond
wal | -past. optlcal'Hnaﬂygyﬁ padiy o anaﬁetermenedgh&nqtn/r nIet openi ng nay
be di sposed centrally in the first wall-part, and the light-ray

outl et openings or |like nmeans may be side related in the first 25

wal | -part. Accordmmrnrgefteér@ﬁieeeheaamﬁem bying e thiiénttihen scope pifgkhe

source TRYerie AR Y0 Bhabpbhengagdhail obe adylle wwp%ets@%tt% part
second and thrrd wal | - parts to ca se . two coordinated |ight 30
bundl es to WFIEH éUF%kY%%ﬁmHgi %FﬁWnéd hERbeFORFC] | that peviesss from
opposiiy wald tHardhate@reonepreisansaddbiyywothat | op@riirsgs. Li ght rays
belonging to a first light bundle are arranged to exit WO

98/ 09152 PCT/ SE97/ 01366

One or more openings will preferably be provided with a wave-
length selective filter, such as an interference filter and/or a
spectral analytical or spectral analyzing arrangement.

15
According to one preferred embodiment of the invention, mutually
opposing light-reflecting wall-parts of the cavity shall consist
of an identical or almost identical portion of an ellipsoid,
wherein a first of said wall-parts is adapted to be placed

20 opposite a two-part second wall-part.

The light source and/or the light-ray inlet opening may be

disposed centrally in the first wall-part, and the light-ray

outlet openings or like means may be side related in the first
25 wall-part.

According to one embodiment of the invention, the light source
may be adapted so that the radiation angle covers the two-part |
second and third wall-parts so as to cause two coordinated light

30 bundles to be reflected a predetermined number of times between
opposing wall-part sections, via said two wall-parts.

Light rays belonging to a first light bundle are arranged to exit



L through a first opening and |ight rays belonging to a second &

li ght bundl WO, anged to exit through a second openi ng OPCT/SE97/0146s
nmeans. 5 According to one particularly preferred enbodi nent, |ight rays
that are transmitted divergently fromthe |light source are finally
converged by the reflections to forman i mage of the i ght source at
the light-ray exiting openings or |ike neans. 10" According to another
enbodi nent, the |ight source accomodating opening in the cavity is
conveniently placed laterally of a central plane, wherewith each
alternate reflection point in the . first lighf-reflecting wall-part is
| ocat ed ohhgorgBpacfifet sPRRAING aqgflﬁﬁgkc5ﬁ¥?a$etﬁ?ﬁﬁﬁgt er \ﬂqﬁ9n5gabling
light exi{igatOopeningsa#d artandel floaeadtonhtbeglsialesedorshiabandma &r pl ane.
ADVANTAGE%. Those advantages primarily afforded by an inventive gas
sensor 2011K§rBEBBPai ned by the provisions of conditions for creating in
one and the sane gas cell of small external dinensions provisions for

arelatively | gng opti V.Si gement of
opposi’ng §8§8F§ﬁ§Se§°eﬁgﬁ%p§% [ d%@lcsdgﬁ?}agge%g#gg %@??@ons of Pght \/\%ai%\oone
i s di vi detthant erewbrpasnstted divergengdy &spp Bhet highkisrhyce &31% to

Si nul t anegyaly, §egrYLPgeaNBy the MHIARRALENANdbOLoHRCaRONGRTY 16t iRS of (he
constituents o a

[ urality of different gases or gas. nm xtures by
usi ng twoldghtcapurce agnﬁm?s}%ﬁhﬁﬂqi¥ SFMHERRIS H%nb?gﬂié%eﬁigﬁ Rt hs
wi thin the gas 30 cell, between a single |ight source and two or nore
out | et openi ngs or Ihﬁe neans,. each ovided, Wi .t h re ' : e
| engR sePEEPFrHendi FPePPARAFHI® 5 %’aﬁgﬁygfggF ??Eé%ﬁﬁé§§ﬁ§dd§%fﬁﬁl
WD 98/ 0915Bening in the cavity is conveniently place®Cli#iSEo¥) M 366 a

central plane, wherewith each alternate reflection point in the

first light-reflecting wall-part is located on a respective side

of the central plane, therewith enabling light exiting openings
15 to be placed on the side of said central plane.

- ADVANTAGES

Those advantages primarily afforded by an inventive gas sensor

20 are obtained by the provisions of conditions for creating in one
and the same gas cell of small external dimensions provisions fer
a relatively long optical analysis path, by the arrangement of
two opposing dome-shaped ellipsoidal concave mirror portions of
which one is divided into two parts.

25 _
A gas cell of this kind is able to simultaneously determine the
presence and/or the concentrations of the constituents of a
plurality of different gases or gas mixtures by using two optical
analysis paths of the same or different lengths within the gas

30 cell, between a single light source and two or more outlet
~openings or like means, each provided with a respective wave
length selective filter and/or spectral analytical arrangement.

%



13 Alteénf%¢%ﬁgy t he anal yzi ng range and/or the anal yzing sensitiv-
ity with respec ne and the sanme gas can be extended by PCTiSB9D8i36¢)

an optical analysis path of a first length for a first anal yzi ng range
and a second optical analysis path of a second 5 | ength for a second
anal yzi ng range. In addition, provisions are created for reflecting
the Iight bundl e transmtted fromone of several |ight sources and
containing diverging light rays in a mannerl3 o converge said 10 | i ght
rays to forman inmage of the |ight source at the light ray exiting
openi ng or ni.n S -
157 "9 e TR s R AR Yl FARE AR ene apalihaP SLAEEE LY

sensor in addor dartd:e mstpleqth@ppesemm tﬂwemaxm gae aast beoekkRended by t he

ChafaCteri2”4§§dﬁﬁ§%%EA&%ﬁés%aﬁoEhgfgggsﬁ% ainds a fg}st lengtBREEE adflrst

DESCRI PTI ON odi nent of "a gas Sensor an
associ at ed a2 ly@indaceR9E A§28 SeERNAPRYRE ARl vSiSpPesBnPLdesErreRd

and havidg ﬁﬁﬁkﬂ%ﬁ%or a s%bgﬁafgﬁgnyzgﬁgtfghggesent i nvention wll now be
described in nore detail with reference to the acconpanyi ng draw ngs,

I n which Figure 1 is agreatly sinplified illustration of a gas
sensor 30 In addltlonba‘ﬂrlﬁ@ialgﬁs &t | cieatoad oficianes lect inghehenyeght on

and t he el. roni cs necessary for at i t he_frequency
dependency &4AHE tlr&ﬁ‘rsnﬁl% &Rsi £ m\/\?’t‘?\l%‘? "}sl‘b Jr%1 t50lPced®and
anal yti cal (nonﬂaﬂnwngn@laﬁmanggnémqht rays in a manner to converge said
10 light rays to form an image of the light source at the light ray
exiting opening or openings or like means with regard to said

light source.

15
The main characterizing features of a gas cell belonging to a gas
sensor in accordance with the present invention are set forth in
the characterizing clause of the following Claim 1.

2 —omesee—c—e—ee-

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of a gas sensor and associated gas cell according
25 to an embodiment at present described and having features

significant of the present invention will now be described in

more detail with reference to the accompanying drawings, in which

Figure 1 1is a greatly simplified illustration of a gas sensor
30 having a gas cell in accordance with the invention and
the electronics necessary for evaluating the frequency
dependency of the light intensity within a spectral
analytical or analyzing arrangement;
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14 WWQH'} is a first perspective view of the out ePCESEITI6EL I ON
of the gas cell; 5 Figure 3 is a second perspective view of the gas
cell shown in Figure 2; Figure 4 is intended to
illustrate the shape of a first concave wal | -part or mrror
surface of a chosen cavity; 10 Figure 5 is intended to illustrate the
shapes of second and t hi rd4concave wal |l -parts or mrror
surfaces of the chosen cavity that oppose said first mrror
surf ace; 15 Figure 6 is a view from above taken through a central

pl ane (the ' x-z plane) geonetry show ng three opposing mrror

sur faces iRigjurde | nis ayafindl [peaspecting viewgfirtde puter configuratigpg

3; 20 Figure 7 | j lL.viewsimlar to Figure 6 with a central
plane but with sli gh%fy&éerslrg;aﬁgge qc%|6posi ng cavity- f orm ng
wal | -parts which formmrror surfaces in the gas cell, and

shows £ he 1:%{41&%{ afi o of assRd Yeldpective view of t@ld igase ceant kAowAdSin
Figure 8 "iliustrates in a central plane, by way of sinplifica-
tion, a first chosenF¥B&® pZth (for the central beam

representative of an optical analysis path froma |ight

source to a first outl et openi and.sho a n y .
pl aced |i ght9%Surkce Jtsfla%nb%%cg%é)s lﬁ&?@é?@%nﬁ?i églﬁﬁagé 6% first COnCBiRdl e
and enabl es (as showmalh-paitr ckemilream sarfizcéewof a chosen cavityinutual ly

separgte optical analysis paths to be created w thin one

and t same cavity and fromone and the
Figure 5 is intended to illustrate the shapes of second and

third concave wall-parts or mirror surfaces of the

chosen cavity that oppose said first mirror surface;

15 Figure 6 is a view from above taken through a central plane (the
x-z plane) geometry showing three opposing mirror
surfaces included in a gas cell according to Figures 2
and 3;

20 Figure 7 1is a sectional view similar to Figure 6 with a central
plane but with slightly enlarged opposing cavity-
forming wall-parts which form mirror surfaces in the
gas cell, and shows the origntation of associated
ellipse centra;

25 .

Figure 8 1llustrates in a éentral plane, by way of simplifica-
tion, a first chosen beam path (for the central beam)
representative of an optical analysis path from a light
source to a first outlet opening, and shows a centrally

30' placed light source that generates a divergent light

bundle and enables (as shown in a broken beam path) two
mutually separate optical analysis paths to be created

within one and the same cavity and from one and the
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15 WO 98/0915% aire 1i ght sour ce: Figure 9 illustFEHE¥EI7MII66am
path (for the central beam) at a | aterally positioned |ight
source and illumnating 5 initially a second mrror part,

form ng an opti cal anal ysis path that has five reflection
poi nts; Figure 10 illustrates a beampath (for the central bean) at
a | aterally positioned |igHt source simlar to that of 10
Figure 9 but illumnating initially a third mrror part

that provides a short p aNglaesi s path that I ncl udes
three reflection poingémga%%gﬁ& %ésgure 11 is a sectional view of the
cavity in the gas cell taken 15 on the line XI-XI in Figure 8.

DETAI LED DEF‘%?&PJ ION OF) PROPOSED EVRER MENES (for the FhavFRall veard Freal !y
simplified:

ustration of a gas sensor "A" udes as cell 1
and requisite eIectroh?E@r&leCPOSltloqﬁﬁaﬂ&QPFnﬁo?ﬁ%ef?%éuhﬂ%ﬁ“ ncy
of the gight intensitynipidlly a Sdeftid aliradegl pareal f@fmmlamzldrg:lcal

arrangenent 11. T eselectroq?ﬁﬁi}glare dESé gdtto eval yate the
frequency- 25  depen@BAcySbf B3 ﬁtgﬁgFt§ Q-177yHe i e or
| i ght rays . t hat Fass t hrough an outl et openLng ? and/or 7, and to f
conpar e e rgsu ev endency o
Che i gnt iThens (57 ot 118 Th e g el b8ln 5By B FERAIBERRTAEAY 0

an established di screpaheyﬁlbmmq&@mdgésgbt gasre® similawrtw didtosdd in
the caypty 2 of the ggg%&félslb@mﬂmntaemg mﬁeiﬂr@n@ srﬁerc@mq%tﬂ @ﬁﬁn

-of its constituents n required Bécause rinciples of
ki nd of el ectronic quhgﬁeﬂgoq}pes a shorter optlcal ana ysis path that

includes three reflection points; and

Figure 11 is a sectional view of the cavity in the gas cell taken
15 on the line XI-XI in Figure 8.

DETAILED DESCRIPTION OF PROPOSED EMBCODIMENTS

Figure 1 is a greatly simplified illustration of a gas sensor "A"

20 that includes a gas cell 1 and requisite electronics 10 for
evaluating the frequency-dependency of the light intensity in a
spectral analytical or gnalyzing arrangement 11.

The electronics 10 are designed to evaluate the frequency-

25 dependency of the light intensity of a light bundle or light rays
that pass through an outlet opening 6 and/or 7, and to compare
the result of this evaluation with the frequency—dependency of
the light intensity of a utilized light'source 2a and, in
response to an established discrepancy, analyze the gas or gas

30 mixture enclosed in the cavity 2 of the gas cell 1 and also to
determine the concentration of its constituents when required.

Because the principles of this kind of electronic equipment 10,
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16 1 WQPHONIDW to the art, the equipment will not be PCESEI7HEISE| n
nore detail in this docunent. Those nodifications required to the
equi pnrent 10, 11 to evaluate 5 the analysis results obtained with a gas
cell in accordance with the present invention lie well within the
normal expertise of the person skilled in this art. A gas or a
gas mxture is passed through a pipe conmpgction |a and 10 into the cavity
2 of the gas cell 1, and exits through an outl et pi pe connection |Db.
The gas cell 1 coacts with a |light _source 2a i ch directs .. bundl e of
light raysli®fF® EPRVRaE? ({1 a5fe T8 eggllpmingﬂgbﬁlgxot i CI‘%&(%'J'S&%% gb
openi ngs faord detailwoimuthisd [docsmeatate |ight ray bundl es, preferably
for nutually separate optical analysis paths (c.f. Figures 9 and 10).

The rays in the light bundle emtted fromthe Iight source 2a are 20
hi ghl y di vetgenhodibflicshtldnberapfired: ¢d ahpr edeimmerindd,.nliibdo evaluate

L mesghet YReNa Al éigr% UbCAREAY R ¢! Lo DAY [ Se 1ol NS ABARe with

treatgd t r'mcavil mting mrror surfaces. Subsequent to bei ng
r ef | ect edthe ppeeleert ripeenHinfbdieomedilnkd thihl Ehemaymal expemtdgiengf the

travelIedp%pggﬁggkglpégdﬁﬁegﬂmgugitqptical anal ysis path, 25 the |ight
rays are able to pass convergently through an outl et opening (6 or 7).

That the optical analysis path is directly proportional to the nunber
of reflechigas b8 angappiinturms iign paBakedcanrbagheld |pilie comeettied ila this

bundid, " sito. the neviRE 4 e B0 BBt dn Bt i THRERE S e

focused ipipe connection 1b.

The gas cell 1 coacts with a light source 2a which directs a
bundle of light rays into the cavity 2. The gas cell 1 also

15 includes outlet openings 6, 7 for two mutually separate light ray
bundles, preferably for mutually separate optical analysis paths
(c.f. Figures 9 and 10).

The rays in the light bundle emitted from the light source 2a are

20 highly divergent and shall be reflected a predetermined number of
times between mutually opposing concave wall-parts that have been
treated to form cavity delimiting mirror surfaces. Subsequent to
being reflected a predetermined number of times and therewith
having travelled through a predetermined optical analysis path,

25 the ljight rays are able to pass convergently through an outlet
opening (6 or 7). -

That the optical analysis path is directly proportional to the
number of reflections is an approximation that can be well
30 accepted in this context.

The last reflection shall result in a convergent light bundle, so
that the light source 2a can be imaged and the image focused in
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17 the proximty of the opp05|ng mrror surface and in tﬂgnﬁﬁﬂﬁFﬁﬁ
(6 or 7) for nore positive evaluation of the received frequency

spectrum 5 Figures 2 and 3 are two different perspective views

show ng the external configuration of a gas cell that has features
signifi- cant of the present invention with respect to the opposing
i ght- reflecting wal | -parts that hald been treated to provide mrror

surfaces, said gas cell also being referenced 1 in said Figures. 10

The gas sengpy p%dana&@pqu the egg@éﬁ@ xgﬁﬁr&@raﬂzefa%claaaeﬂnl Bhe opeﬁbﬁg
cavity 2 of the s cell to be_anal

caused to ps®% HrodGh f‘ﬁéecg\?ﬂ"ﬁl‘ée ‘éa]g‘hatrlrﬂrbg’aé %a )fe&ﬁa‘fsﬂ frequ%xact:yet

4 (Ib). 15 spectrlime gas cell 2 of this enbodi ment may al so include one or
nor e openi ngs 1c, 1d through which the gas or gas m xture to be
anal-yzed is able to pass by neans of diffusion. 20 The illustrated gas
cell 1 %as Rikmres 2 aihda 3blawvek two dhfféredmaperspemﬂiheowiaablspawiﬁgothéhe

cavity 2 h%"ece%%%ri tc'o%%&?ﬁrh@lénké'?‘“? qas ce{%nre t agg%hgﬁf%h “@nlf?a”s

wi th highly refTective
wher ei n t heasdviafy thej me@eé§ lnvenbxpr@pexﬁmgrﬁgaq:tt fe ghe oppbsio«g llght-

acconmodat 'ﬂé&laeAtug,Ia,t wa24par2s 2Rat MAVEhdeh ctrfe\é%dbxot BEoGLS@t{nPPth 10
SO as to generatet e uisite |ncomng

li ght sour GITERCRSuntEGS Hatshgeébe%}% e%&é‘ﬁte d1t on saidi Fagdres- a
| i ght jgundl e in which the Iight rays have a frequency 30 that lies in a
n.the infrared

ol evant RSO BI8E: aSUS ALt e AL W ca sahfEPenklobf
120[err]. the cavity 2 of the gas cell 1 to be analyzed. The gas sample can
be caused to pass through the cavity 2 wia an inlet 3 (la) and an
outlet 4 (1lb).
15
The gas cell 2 of this embodiment may also include one or more
openings 1lc, 1ld through which the gas or gas mixture to be
analyzed is able to pass by means of diffusion.

20 The illustrated gas cell 1 has the form of a block in which the
wall or wall-parts of the cavity 2 have been treated in a known
manner to provide the wall-parts with highly reflective proper-
tiés with regard to the light rays, wherein the cavity 2 includes
an opening 5 in the gas cell for accommodating a light source 2a

25 which is driven by the electronics 10 so as to generate the
reqdlsite incoming light bundle.

The light source Za mounted in the opening 5 may be adapted to

transmit a light bundle in which the light rays have a frequency
30 that lies in a relevant frequency range, such as in the infrared

range. In the illustrated case, the light rays may diverge at an

angle of about 120°.
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18 FOWO98A8WAs of clarity, no |light-generating unit 2aPOF/SEINi1866
source 2a has been shown in Figures 2 or 3. The light rays are now
reflected a predeterm ned nunber of tines 5 between opposing mrror
sections and thereafter exit through an opening 6 and/or through an
opening 7. Each such openi ng has nounted therein a wavel ength
selective filter, a light sensitive 1geans of known kind, although none
of _these has been shown in Fi gures 2 and 3 for the above said reason.
10 Al so included in ihose l'i ght ys that exit throu%p an op%nl ng

are such IFOFhreagpast ﬁgtc fELEYY d?/%d“t%‘%ﬁ@@etrﬁ&léﬂg‘énb? R rlo

surface, wiile 2at YRECBEemi sHovnhi & tRIGHHTegUe 8kt Bough not i Ilustrated
here. 15 Figure 4 illustrates the chosen shape of a first
light-reflecting concave wal |l -part 11 of the cavity. Figure 5

i |l ustrat @het Hdghltoseysshapenof seflontesh@ preddterghted Zﬂmbezefdﬁadiiima@

concage wall w%%ﬁ{f %P?;gsi‘ﬁg ﬂug.rPc‘;rtg@ctﬁ%:ﬂst ¥nd therﬁaﬁ'ﬁt Oéﬁjf}psm d

and 1 have asica sha
gener at ed dpgmiagabi ﬁgdéﬁr efhropgh aajmﬁpenlng it sEggh o$‘1%113<|1§°€(fk3)n€( 1o
referencedobh®led #herein é\ ﬂaa@rat@ﬂ?c&ewcttu% 9&1&@@ eéllpgﬁgd s drss iftarveed

by di ssecting the ellipsoid . in pl ane para Xx-axis at a
| ocati on meanSaprfriewnssmdm %1%*819‘%9}1 ék%‘tee@faf: Ssﬂl B3 keen Shawpin he

nmaj or Fidores(®) and03 for e Muea\iureagenin the ellipsoid portion
11 farns the mrror surface 11A with the focal points 1la and 11b
| oca éﬁ on the x- axi s.

Also included in those light rays that exit through an opening

are such light rays that are allowed to pass the edge of a mirror
surface, which is typical with this technique although not
illustrated here.

15
Figure 4 illustrates the chosen shape of a first light-reflecting
concave wall-part 11 of the cavity.

Figure 5 illustrates the chosen shape of second and third light-
20 reflecting concave wall-parts 12 and 13 of the cavity.

The wall-parts 11, 12 and 13 have basically the same shape, i.e.
the shape of an ellipsoid generated by rotating an ellipse about
its major axis (x) (also referenced 1llc).

25 .
A dome-shaped portion of the ellipsoid is formed by dissecting
the ellipsoid in a plane parallel with the x-axis at a location
at which said plane is located at a distance "a" from the major
axis (x).

30

The concave surface in the ellipsoid portion 11 forms the mirror
surface 11A with the focal pcints 1la and 1lb located on the x-
axis.
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19 As shown In Figure 5, the wall-parts 12 and 13 havi 8701366

concave surfaces which formmrror surfaces 12A and 13A, with the

f ocal points 12a and 13a | ocated on the x-axis, are produced in a 5
simlar manner. The wal | -parts 12 and 13 in t he cavity 2 are forned
by renoving a section 15 (in the z-/y-plane) and then bringing the

wal | - parts 12 and 13 together in the dfrection of the x-axis,

wherewith the 10 wall-parts 12 and 13 obtain in the x-axis a Iongitudinal
ext en- sion which is slightly smaller than the | ongitudinal extension
of ~the wall-part 11. This enbodi ment wi Il be described bel ow in
nor e. det ai | Asishown ipnFaguget er nehe waldmiaditised?, apdcld having the repnease

in the shir¥FaeesBw hiéb/Yoﬁhaﬂﬂﬁréﬂﬂghﬁfédé% %Qﬂﬁéﬁhelgﬂe Wt - P@%tfocal
portions Thi s, enbodi mrent will not be desc

detail, S|n€81P§SwﬂgP BRd 143 Lorahesheon s énaﬁﬁéeréfﬁnHFﬂ%u%$dt¥ﬂea

first-menti eiedlagbadhment . Figure 6 shows how the wall-parts 11; 12
and 13 are arranged to formthe cavity. 2. It will be evident fromthis

Fi gure that 25 incomng light rays 2a' arriving fromthe |ight source 2a
and f ofhengadldpaetgeb? 4nght3 imdhe aewitir 8t aref ferhed mpmcgan{d Ya

al ong a respgeti;¥g @gaQXE' d?&gﬁgﬁ. %ﬁp%ﬁgl%ﬁegl%£9£g§y$f€§ walléhﬁ%a

13a and thereafter reflecte espec aces
11A, and théfeabfet3rEpgethey %Rnﬁhﬁxﬂ%ﬂﬁ?}l@? PﬁetBe X-#K i3 orwhandwicdh the

and 13Ap anga3e- ?Ert§012 haﬁdtm dﬂtgﬁtn hynahe x«amw LI 16:&@\%@@1&&0%&1‘9

caV|ty 2 a rede erm ned nupber. of ti.mes her ew orm a

vel | - def i nealeﬁt FRAFh o R %Jr%h’iolax FoeLlsr than thet h@nm@mlnaa&sextmsgarwf
by the wal | tharwali2pane 18. being

This embodiment will be described below in more detail.

15
In an alternative embodiment, a cut 15' is introduced in the
plane "B" (z-/y-plane) such as to separate the. wall-part portions
12 and 13.

20 This embodiment will not be described in detail, since it will be
apparent from an understanding of the first-mentioned embodiment .

Figure 6 shows ho@ the wall-parts 11; 12 and 13 are arranged to
form the cavity 2. It will be evident From this Figure that

25 incgming light rays 2a' arriving from the light source 2a and
forming a divergent light bundle are first reflected convergently
along a respective analyzing path by respective mirror surfaces
12a, 13a and thereafter reflected divergently by respective
mirror surfaces 11A, and thereafter reflected convergently by the

30 mirror surface 12A and 13A, and so on, so that the light bundle
will travel through the cavity 2 a predetermined number of times
and therewith form a well-defined optical analysis path prior to
the light rays reflected by the wall-parts 12 and 13 being
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20 di P%Q?wl%nvergent |y through an opening 6 and thr ouRCT/SEY7018661 Ng
7 for outgoing light rays and through a filter, or sone correspondi ng
device, placed in respective openings (c.f. Figures 9 and 10). 5

I n accordance with the invention, the light-reflecting function of the
cavity 2 is achieved with the aid of three opposing concave
light-reflecting wall parts 11, 12, 13 orpgnirror surfaces 11A, 12A and

13A, the nature and orientation of which will be 10 described hereinafter

in nore detal i th. referen to, Figures 7- . 0. For the sake of
sinplici ty%ﬂlt%cee%%ﬁo&%eﬁgge g‘é’r ?BFP‘%‘&#‘ ha% LSRN ® andnthzaugl gRoAPeRENT
il et openl nps dulrgdimepiiight! rght snddtlerdagh k5 filaed,ose 8pmkwWo outl et

i . .qQi . Light _bundl L.t h h i
Wil be usirasiidl YiaR, 1800 °Id Banecrd e ABkR tidaa (and- ohLdres

more out| & a@skrifigs for coaction with the sanme inlet opening. 20
Thus, gt lies within the scope of the invention to create condi tions
that enable a plurality of in]et openings 5 to be provi ded, and to

provi de tH& GARALFaRCH Wi thhtBe, ipveptign.ndie lightoyeféectpergi Agsction
conver gento fouh@goidagiltvglt iBuadhesvédsiead e aid p@DEMréééDoﬁgSQix?@e”i ngs,

wherei n each openin§ na% ¢Qnv niently be 25 positioned to repreSent a

pr edet er mMaP&EF a5t iPdHR LS 5I3§F ingi¥pll parts d1,518at h3co¥ respepi sigr facashe
refl ecti olldf, [12ghtndagSAer the natupardndfiodikéthitgbh HENGheck Wi edeter m ned
nunbgry of 4t t : pPposS| concave mrror _sections 11A, 12A and
13A. 1o 30 de o?le%%r%%g%rl es fgﬁg ]?rrgarlrtés}g? eé(;eﬂiarl d 51t ARESHERCE hEC | F I §Sys at
each focudi®ng point occurring on the mrror surface 11A will be

obvious to the person skilled in this art and the foll ow ng

description is therefore restricted soleuy to two outl et openings
For the sake of simplicity, the following description has been

limited to show one inlet opening 5 for incoming light bundle 2a’'

15 and one or two outlet openings 6 and 7 for an outgoing convergent
light bundle although it will be understood that more inlet
openings can be used and one or more outlet openings for coaction
with the same inlet opening.

20 Thus, it lies within the scope of the invention to create
conditions that enable -a plurality of inlet openings 5 to be
provided, and to provide the cavity 2 with three, four or more
outlet openings for convergent outgoing light bundles instead of
only two such openings, wherein each opening may conveniently be

25 positioned to represent a predetermined optical analysis path,
i.e. a path corresponding to the reflection of light rays or a
part of the light bundle a predetermined number of times between
opposing concave mirror sections 11A, 12A and 13A.

30 Those measures and means required to take out the light rays at
. each focusing point occurring on the mirror surface 11A will be
obvious to the person skilled in this art and the following
description is therefore restricted solely to.two outlet openings
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21 6 WRBOHY the sake of sinplicity. The i nvAQI/SBITOLI66
based on the concept of obtaining one or nore relatively | ong opti cal
anal ysis paths with a gas cell 1 of 5 relatively small external

di mensi ons. The enbodinent illustrated in Figure 8 that includes a
centrally | ocated |ight source 2a (in the x-plane 13) and two outl et
openings 6 and 7 placed equidistantly fromjthe Iight source 10 enabl es
two identical optical analysis paths to be obtained with a "symetric"
orientation of the mrror surfaces 12A and 13A Anal yzi ng pat hs of
nutual 1y di% &%t floé"n{r?‘ﬁs SeXR Be UM} HEHEY by changi ng the positions
of. the mrror surfaces 12 and 13 in relation to one another. Different

o o kRIS 2L Bieq b3 e QALY RLNSNN00RE) Sl e
constituenuslatiwwdydﬂbhqreptigaﬁeana&yqxg;pébHSJMé$hcangbs cell tederm ned
or nea reqeg%t§§%qg Eﬂglid89£%fﬁ%lEﬁfﬁé@%*ﬁ%émurB' 20 The contents of

two di fterént gases“or gas m xtures oOr, erna- tively, two different
anal yzi ng ranges for one and the sanme gas can be determ ned by using
two nmut ual by dichbeleRbn@N2h Y8EPBated iPaH; 822hatPLRLEHADL Y, e ,ng
(6) wll repfésent gsition mﬁtﬁaaﬁ' ﬂsyﬁﬁicapaanaﬁég?ggﬁa?ﬁg d?gfﬂy

a [
devi at es f#W@&@hlégﬁérseﬁéﬁ?nﬁa(%ti:he x-plang) 13) and twe owEle¥erence
filter or speminge’ 6spAAdNplaeyd coquidistantly fREAYtHEALLghONEoRFcHDr € Of
sai d Q@nin%%bles o Lg a corPance.mAth tﬂ;anven%%ont the light source 2a
provi ded i ¥ t FECpFERPRTS! FPIRA b RS 15 RAGPSr %t?\%rogg%ﬁ?fgswﬁﬁ
incoming a "symmetric" orientation of the mirror surfaces 12A and 13A.
Analyzing paths of mutually different lengths can be obtained, by
changing the positions of the mirror surfaces 12 and 13 in
relation to one another. Different optical analysis paths can
15 also be obtained by changing solely the position of the light
source 5 in the x-/z plane.

The constituents of two different gases or gas mixtures can be
determined or measured by using two identical analyzing paths.

20 The contents of two different gases or gas mixtures or, alterna-
tively, two different analyzing ranges for one and the same gas
can be determined by using two mutually different analyzing
paths.

25 Preferably, one opening (6) will represent a position with an
. optical analysis path that deviates from each other opening (such
as 7).

An interference filter or some corresponding device may be

30 provided in one or more of said openings.

In accordance with the invention, the light source 2a provided in

the proximity of the opening 5 and/or other openings for incoming
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22 I i‘aﬂtgs’ro%"g may be placed centrally in the first wal PCH/SE®7/1366 as
in the Figure 8 enbodi nent, or placed on one side in accordance W th
t he enmbodi nents of Figures 9 and 10, or vice versa. This refers to
orientation in the x-/z-plane, although it will be 5 noted that the

i nvention allows a degree of freedomalso in the x-/y-plane, as shown
nore clearly in Figure 11. I n accgpdance with the invention, the

i ght source 2a may be placed in the gas cell in a recess 5 in the

same mrrofg rface 10 11 hat I ¢h ht exjting openlng 6
and 7 areeigﬁ% % gfay be'p 618 4 tﬁﬁlﬁQCRHt%gﬁlahgi t gvablipary &1
particulaihythe Flgure387émbod1mﬂni 80r bleckd br ssensidwtirn hecddddince

wal | - part (1 ) ha at _conforns to a part of a
conpl ete r%%h the! &'1?0%%%@@% ?(?n%tFll reghépggan m't‘ﬂ’é Yo Voist ss™MFa and
11b | ocat edfers tononhenpaliiorarin titeati-daaplbhnae Althdudie Xt axild) be

The vl - Aatbd 1dng@Mehd Ui €5 090604 hORRKEe Ao HORFSANAPG D, s iRee
di rensions are slightly smaller than one-haltT an e psol - &é’l ape.
A hole 5 ¥0/YaEl:%‘h%d%§|$¥§P"Fhé“qqegl¢tle§(§&bfcén2§l%re 11 pl aced cent raI ly in
the wall-part and a |ight eX|t|ng openi ng 6 I s provided on one side of
t he hol e ? The rror surface referenced 11A. 25 The

wal | - par t IR 13FCOLRRES JhEP éqvéqtﬁéanheph%‘ﬁ%t 1SOWifee 123 may beand t he
wal | - par tpld@ednth 1€nargasans X rai edrbeeeéhﬁbiﬁ e8éedkme mirrddrldur fhlbe sane

shapg,as I r . wal |l :parts 12 an d 13 are formed by
di vi gl ng H;ﬁ ) *hﬁgr% n thich ?1} EOFHBEE‘J 19PeRINg (b and 7, arep:
per pendi cBla@‘e@o the . rot at i onal axis 1llc.

Referring back to Figure 6, and more particularly to Figures 7
and 8, it will be seen that the first wall-part 11 (in this

15 plane) has a shape that conforms to a part of a complete rota-
tional-elliptical shape with the focal points lla and 1lb located
on an imaginary rotational line 1llc (the x-axis).

The wall~-part 11 can thus be considered to have a dome-shape

20 whose dimensions are slightly smaller than one-half an ellipsoi-
dal shape. A hole 5 for accommodéting the light source 2a is
placed centrally in the wall-part and a light exiting opening 6
is provided on one side of the hole S. The mirror surface is
referenced 11A. .

25 N
The wall-part 11 is positioned opposite the wall-parts 12 and 13,
and the wall-parts 12 and 13 are coordinated to exhibit essen-
‘tially the same shape as the wall-part 11.

30 The wall-parts 12 and 13 are formed by dividing the wall-part
into two portions 12, 13 in a plane "B" perpendicular to the
rotational axis llc.
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23 A SWOMAIKAI | -part 12 then obtains part of a rotati oREN/SEPT/EIZ6S -
cal shape in the sane way as the wall-part 11, but has been given a

| ength along the rotational axis that is slightly smaller than a
quarter of an ellipse and with its mrror surface 12A located 5 1in the
focal point 1la. Athird wall-part 13 thus obtains an el liptical
shape but has a | ength which is slightly snaller.than a quarter of an
el lipsoid and has its mrror surface 13A located in the focal point

11b. 10 The el liptical s of .the wall-par 11 apd_ the wall:parts
120 "7 and 5308P8 PROLSPAFE LOnSISMILHA Y BEHE £51 2 EPERGLONR B L T
di.f f er encecaxpkhepedinnther samletway e watm—pafruemebmb has béemuyiveén
15 - The focal , point 1 he focal t 1

mrror sur?a@@ ?ER 816ng %ﬁ? g %ﬁﬂéiméﬁ%g %ged§§nggggkggﬁ %ﬁ%i{%ﬁrgian

t he case ok glartedeofi eal elbp}p@slargi peirth dltlsy mékrppssudbdcen 12brleeatfextes,
t he "I&ghEh a¥§c§ﬁ'ko?ﬁ trgflected only -backwards and forwards, and

t hat a% asynne 'S tequired 1n order for reflection inages, and
particularly focused | mage points, to "wander". The smaller t he

asynmmet ry ﬁekﬁngadwamephgﬁsm h@my@rmﬁﬁ& h@néqmwtﬁegl 28napé K WMdd 4 he

greater the nu l ections and t | onger ¢g pti cal analy5|s
a

pat hs. engAﬁoWHéFhvéﬁ ahtInely o‘-‘“&ﬁlvlledfe &l FIPﬁEB?H PR 3 ohiRseid 13)

in thgngl 888 1Bs hibeoz- Hhofde arBh UoJaRee Lheth8USodSI Ipsimartiip. 12 30
and 13 away from each other, so that the edges 16' and 17' will lie

out si 48 t he wal | -part 11. The beam path for this variant has not
been shownThBoekvéprical shapes of the wall-part 11 and the wall-parts 12

and 13 are therefore substantially identical, although with the
difference explained in more detail above with reference to
Figure 5.

15
The focal point 12a and the focal point 13a are located in the

mirror surface 1l1A.

The invention is based on the concept that in the case of

20 identical, opposing partially ellipsoidal mirror surfaces, the
light rays will be reflected only backwards and forwards, and
that an "asymmetry"” is required in order for reflection images,
and particularly focused image poeints, to "wander". The smaller
the asymmetry selected, the less the wandering tendency and

25 therewith the greater the number of reflections and the longer
the optical analysis paths.

Another variant is to divide the ellipsoidal portion (12, 13) in
the plane "B" (the z-plane) and to move the thus formed parts 12

30 and 13 away from each other, so that the edges 16' and 17' will
lie outside the wall-part 11.

The beam path for this variant has not been shown, however,
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24 al HLBPINSZL Wil be apparent to one skilled in this PCTERATRIIG6
field. The light source 2a is adapted so that the angle defined by
the 5 light bundle 2a' will cover at |east said two second wall-parts

12, 13 in Figure 8. Figure 8 shows a light bundle path with the
central ray 50 of the | i ght bundle 2a' directed fromthe |Iight source
2a onto the 10 mrror surface 12A 24 The light bundle (2a') is highly
di vergent in the illustrated case, and only the central ray 50
directed ontq the m.rrar surface 12A is sh for asops of.clarity.
15 RSN dimdte! enPRPRFRGE (e g mkagise® FBLF orretRbe fon-
vergent |y ffiredd.t he mirror surface 12A onto the mrror surface 11A and
contains a light ray 51, said surface 11A having a focal poi nt 2a"
innediatelé to the right of the I'ight source 2a. A 20 first short optical

anal ysi s ldghtpsourest éa af edeptetaio that idienengde dpEined byetheg is
ori entsat ed jghtt Buhdl@i Ph' will coddf 44 Aadundlig itdot Q@Eoﬁ&f\bé'fi-e;?arts

di vergently,” wiith a _central light ray 52, onto the mrror surface 13A
and from tifar 3 $02519Urgs Bect ed convergently as a light ray 53 onto the
mrror surface 11A that has a focal point (2a") to the left of the

| i ght 2a. . t hi thi.g.f ' jnt (2a" b
represent E4 08 % 83870 PoRgdiohh RRGIRIPAR MidE 38, §ENSERh FAGa of The ©
openi ng i ight bonddet aeéddarethed fumaltheoilitght sourcel 2awbhto beheot ed
that yhe £95al, PQRYS (2355 (22")) will be

The light bundle (2a') is highly divergent in the illustrated
case, and only the central ray 50 directed onto the mirror
surface 12A is shown for reasons of clarity.

15
The light bundle, containing the light ray 50, is reflected con-
vergently from the mirror surface 12A onto the mirror surface
11A and contains a light ray 51, said surface 11A having a focal
point 2a" immediately to the right of the light source 2a. A

20 first short optical analysis path can be created at the focal
point 2a" when an opening is orientated at this point.

The light bundle is then reflected divergently, with a central
light ray 52, onto the mirror surface 13A and from there is

25 reflected convergently as a light ray 53 onto the mirror surface
11A that has a focal point (2a")‘to the left of the light source
2a.

In this way, this focusing point (2a") can be represented by a
30 longer, a second, optical analysis path when an opening is

orientated at this focal point.

It will be noted that the focal points (2a", (2a")) will be
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25 posi VPIRES2urt her and further away fromthe |ight soBRCTSESmIBéE h
each reflection and therewith becone greater and greater by virtue of
the mrror arrangenent. 5 The opening 6 may be placed i Mmediately to
the right of the |ight source 2a at a very short analyzing path to the
focal point 2a", or slightly to the left of the Iight source 2a at a
somewhat | onger anal yzing path at theyf§ocal point (2a"). 10 The
enpodi ment in Figure 8 illustrates, however, a still |onger opti cal

analy5|s pat h nso at_the, Iight ra s ref t ed o to t.h
mrror surf%%%lﬁEQPgﬁ g fgéﬁﬁ éﬁ%tgﬁﬁ ¥§a¥e F%Et%&?cilghq %
the mrror sutﬁaﬁefﬂéétimnt&nﬁfuhdnewhta begbher gyeater & garGteuiLy there
be representedtb% a ﬁ%ggﬁ g énlﬁﬁ% anal ysis 15 path. However, the
enbodi ment Was-BeeR" ¢ P5 13 GEPEE that t he i ght ray 55 shal

be reflected further onto the mrror surface 13A as a divergent | i ght

bundl e §Cenfkg@|015é’1¥1 28)6 ?&%} i 'pq%t:%e %%81%@3( G dn{ep 3}%%9:-6 thé 14gne.

t he openin as a Co cent ra
will be fou$\@lu¥<het2ﬁ sa¥ e@;a‘f%rst r%&ora pBal¥edng npafeh tle 4hza’ focal ppat) 2ef',

the light sgflrgflgﬁtwI&ovamqrefftuatfheheamﬂgﬁeréa%cé rzcgﬂa%5a stohl%wgs%”a'

position of_the |1 ght. source 2a in the mrror surface t hat

the openi ngt@PgekI| DY ML AR @t thar fRepl gpeint (aﬁnMards the edge 17a so

as to obtain a longer optical analysis pat h. 30 The openings (6,

7) sh osi t.i oned |n th focal ,points fqrmed, and a _change in the

ori ent (#l on}g c?ﬁ 1§xu”1§gg§ 8 lif‘ﬁ%\r%‘f‘l%ls’lgf%vielr’ré‘sﬁwginQEHgﬁﬁed

posi tions cﬁptimaI(gn&&ysxﬁuﬂath, insomuch that the light ray 53 is reflect-
ed onto the mirror surface 12A as a light ray 54 and is reflected
therefrom onto the mirror surface 11A in the form of a light ray
55, and could there be represented by an adapted optical analysis

15 path.

However, the embodiment has been chosen to illustrate that the
light ray 55 shall be reflected further onto the mirror surface
13A as a divergent light bundle (central ray 56) and reflected by

20 said mirror surface 13A to the opening 6 as a convergent light
bundle (central ray 57).

It will be found in this regard that a focused imagé to a 2a"
(2a") of the light source 2a will wander further and further from

25 the central position of the light source 2a in the mirror surface
11A, and that the opening 6 could be placed still. further up '
towards the edge 17a so as to obtain a longer optical analysis
path.

30 The openings (6, 7) shall be positioned in the focal points
formed, and a change in the orientation of the mirror surfaces
12A and 13A will result in changed positions of the formed focal
points and therewith in changed positions of the openings.
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26 It will be evident fromthis that if the mrror arrangenent 11,
12 and 13 is changed slightly, the positions of the focal points wil |
al so change but will always be |ocated on the mrror surface 5 11A

It will be evident fromthe enbodinent illustrated in Figure 8 that it
lies within the scope of the invention tegplace an opening 6 on the
right side or the left side of the light source 10 2a. This neans that in
relation to the illustrated opening 6 an openi ng can be placed on the
| eft side of the light source 2a (which is shown in Figure 8 to be

positionedtcamﬂﬂabby¢v$ﬂéghtfybm thistthbheltighé niridwe dﬂﬁanﬁémﬁnﬂill,

posi tion, h.th 1S P 50; be smal | er
Phan |1 A8 SRangd HheneRatd 31 qnsiy ke PasRR ot (F it ey, 2o Rty
for an opwidtal adsal szhasge but paill (BOys) be locatedhws, then mivrorc ase,fakdee

focused i e 2a" of the light solifte 2a wanders from one side of the

| i ght "source’"2a to the other side 20 thereof and constantly outwards from
the Iight source 2a. In a first enbodinent, all Iight focused

conver genfﬂ:)’wh']]lt Be ev1deﬂt [ #:9m StHe moa%ﬁehﬁ 2b} @5t 0 A5 Si o P iQpgle tghe
opening 6 f tjon.. However, it also lies wthin the scope of

the 25 FH@EnE‘FoﬁlFB ‘ﬁéF B Uif \SCORG Pdn theedBEmRYIoHR RIFGMSD t hr ough
t he openlageﬁlhg BouNt the f&gﬁﬂﬁﬂﬂﬁﬁ dr lther 1efet ssiowWY tiHe tINyht source

bl of .the l to he flect- d
FOrthE nobernEF Frald PESt SOl ioRe for EREn oM SRR PPN foper
openi ng 7opbamagauanhbe placedmay thendefits sédal aft ek Eﬂyht'ﬁmuxc@nables
di fferent gRze 1 18 Dfodnal ¥ Zethuid b 'R e B0t cP8ed centidldy§ |1dUheigNr CO

I n one single
to the rlght of the illustrated position, wherewith the optical

analysis path (50-53) will be smaller than if the change involved
15 moving the opening to the left (as shown) for an optical analysis
path (50-57). '

Thus, in this case, the focused image 2a" of the light source 2a
wanders from one side of the light source 2a to the other side
20 thereof and constantly outwards from the light source 2a.

In a first embodiment, all light focused convergently in the
mirror surface 11A is able to pass through the opening 6 for
evaluation. However, it also lies within the scope of the

25 invention to permit only a given frequency range to pass. through
the opening 6 by mounting an optical filter (not shown) in the
opening, while enabling the remainder of the light to be reflect-
ed a further number of times (58, 59) and then taken out through

_ another opening 7 where another frequency range is evaluated.

30 This enables different gases to be analyzed with the aid of one
single light source in one single gas cell.

Figure 8 also shows that the beam path (the central rays) within
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27 the cavity 2 will forma stylized "eight" and that the inages
focused on the mrror surface 11A can be taken out at the | ocation
where the determ ned anal yzi ng path and focusi ng point occur. The
focused i mages of the light source 2a will be decreas- 5 ing towards the
centre (5) and increasing away fromsaid c&htre. As indicated in
Figure 8, if two identical optical analysis paths are desired, a light

ray- 50 nmayy t e C " r
wherein the ﬁl? ﬁééfr%%dzwvﬁﬁ efdr:{fgg‘ ?e%?glhﬂed elékli"ﬁ' rasrgi&rrgé% ﬂ;géc m]a%’s

descri bed af)@ﬁ'/‘és%lqré the Miaerosarfage 11A garppedtaksn i &4 éféﬁed

anal yzi ng pﬁé&uon wherddUthe td&e%ﬁﬁé&%ﬁa??iiﬁ@'pé’&?'é&ﬁi SRRl pBin80" )
can be chosen_w t{g n one .and havi ng a constructi on

in 15  accofelncel i tiPssst e‘“@geéaeﬁ Eggvf{ﬁ}hﬁ ?‘P]‘ér%s?s"} By pegdecreas-
i dentical oingli fdwaweds i icaitrendbysaadpahdBeasing awdy iy B idegenedet, 0
detect outgoing light rays closer to the centre (5), so as to obtain
nore precise analyzing values that 20 are nore independent on the

possi bl e noAenendicattedadsi tRignineg 8ef 1 twoth@emtgtal sapiriceal analystl patchs

9 and 10 il)ust %eﬁ]@dtqqqed%erggagb ?i ﬁ&eﬁi Jatfs)be re ererc%@d 1{1I cal

si de- p03|t|one t 'sourc rOVI ent
anal ysi s pathe Ible‘tlimérﬁlirrf@qei dﬁB'sUbﬁéélQaﬂaﬁdllght @}Seﬂlédt &e dpérlengee in

Figure;® anth acisel R &APYY Rhal HBscribedi e Mhile usxm% tanMoplenRfg
noticed in this respect that a further enl $%7 may 30 be aced at a
di fferent ASIRHRE ff%rorﬁh(%éqlﬁé’ﬁﬁdsaﬁ?ﬁé Pagt

Thus, two different optical analysis paths (50, 50') can be
chosen within one and the same gas cell having a construction in

15 = accordance with Figure 8, each providing the possibility of
identical or different optical analysis paths.

It may be desired to detect outgoeing light rays closer to the
centre (5), so as to obtain more precise analyzing values that
20 are more independent on the possible movement and positioning of
the light source.

Figures 9 and 10 illustrate alternative beam paths (central rays)
from a side-positioned light source 2a, therewith providing

25 different optical analysis paths between the light source 2a and
a sélected opening 6 in Figure 9 and a selected opening 7 in
Figure 10.

It will be noticed in this respect that a further opening 7 may
30 -be placed at a different distance from the light source 2a than
the opening 6, so as to enable one and the same gas or gas
mixture to be evaluated, or analyzed, within two different
analyzing regions, one analyzing-'region for the optical analysis



t he opening 6. so as to enable one and the sane gas or gas m xture to

be eval uat e&voc‘)'?’”%f A4l yzed, within two different anal yzi ngr¥/§6970 8556 ONe
anal yzing region for the optical analysis
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bet ween the light source 2a and the opening 6 (Figure 9) and one

anal yzi ng regi on which has a shorter optical analysis path bet ween the
i ght source 2a and the opening 7 (Figureydo). 5 1n the case of the
Figure 9 enbodi nent, the inmage 2a" (| acking the opening 6) wll wander
outwards fromthe Ii ght source 2a to the left, whereas in the case of

t he F|gurepéDheﬁﬁgﬂﬁﬁ%th?rﬁ#ght SQW%&&eZQaanﬁAFPev@HﬁRﬁn&(ﬁtﬂﬁéqqrﬁh@)fﬁﬁ§1
the |ight é@érsﬁaﬂ.ﬁzﬂ@ere ion IWHIG® Bas W khoager nopwitiar a(ﬂatl\&%ﬁ(éspa\&hen

the centre oy the i.gnt sourc as, been igure 11
shows the lB%@‘i"??“Z%?ﬁ ]al?)%} aﬁ&‘g ﬁhﬁ g@%’?’r‘b‘hiﬁ (Figurg é\?/)tgaken on
the line XI-X in Figure 8. 15 In the earlier described enbodi nents,

the li ou 2a p05|t|one i the X-/z ver . this
Flguregshogg {hﬁté??g b the | TigHres QU OPémﬁP e&P?(JH%y%I%Qt Pcﬁﬁggplane
(2a), the thes@peningf@bu&b&ﬂ|Wﬁnyar2@htward5bérgmemnnihughnhaqmrght2@ftbhe
central epiré‘f‘é’ (e dad 2110 el skNB S QNS '%&‘Pﬁ%d Lrodihiehle Ehesal d

20 centra ane SO on rewit ena € openl ngs use
be mut ual |yn@<ﬂ¢s%@"|‘nll=3e|‘aw<%ﬁr tt® tthe é‘éﬁb?amﬂf‘n’é’e lght spurge| |2abeThe

evident froggdisat h@npr@gﬂn Wxﬁ’ie'r' gitwseHE CeShdthe cerl?@el%ed ther one
and the sanp cavit qne nore |ight-source 25 associ at ed openi ngs.

It witP beltolierse th3% QQNvEﬁFﬁﬁ ‘is not limted to the
af or edescri bed exenpllfylng enbodi ments thereof and that nodifi-

cations cap; be Iofp WAL AdTRAWE 200at DOy LPVEPI MR CGAX SR aPSectional

view taken on the line XI-XI in Figure 8.

15 In the earlier described embodiments, the light source (2a) is
positioned in the x-/z-plane. However, this Figure shows that if
a light source is placed to the left of the plane (2a), the first
focused image 2a" will be placed to the right of the central
plane (the x-/z plane), the second image to the left of said

20 central plane, and so on, therewith enabling the openings used to
be mutually offset in relation to the central line.

It will be evident from this that one or more light sources may
be used for one and the same cavity with one or more light-source
25 assogiated openings.

It will be understood that the invention is not limited to the

aforedescribed exemplifying embodiments thereof and that modifi-

cations can be made within the scope of the inventive concept as
30 defined in the following Claims. B
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1. A gas sensor for evaluating the contents of a gas sanple encl osed
in a cavity of--a-gas-cel-l...wherein the gas sensor has 5 the formof a

n the wall or wall-parts of a gas cell or a cavity
has/have Euﬁ!

" uﬂluﬂﬂtlng properties, designated mrror surfaces,
wherein t openi ng for incoﬁﬁng light rays that are

reflected in said caV|ty "a predet er ni ned nunber of tinmes so as to form
an eptical analysis path prior to 10 theghiggt rays reflected by said

wal | -parts being directed to exit through an opening for outgoing

light rays with the aid of t hree opposing, ellipsoid concave

light-refleqting valsd sBasbs. for evgn%@m@rﬂﬂeecbddtehft@t o@ Ai gas Qém;slaéd
Ilght-reflectlng wal | - parts has the s eég? #?sone at ess, d t han

hal f of an &RG |9§6|dd¢n1§ CEKYLY OF rat93s d d93F ‘é%ﬁ‘ﬁor
l'i ght -ref | eeghiengowdl bt a blpak} swheweim mernmlpam wallllr-pantslad)fsdnaq;ms ofell

SO!TEWhat | ess th%%gltH S/hg{leaﬂlﬁliia pOSI% I one g %é]?{:lg\@l lagg{#l Qé‘éid

sai d second® par ar eént oné anot
and thaunmfxmsswniacand vherehn rithewtadvigayt thasaga @Bﬁaquf@,’/ mcomlng

appropr i at e \Jigfes 900t nhbeate! tERL ed 4n Is&lé g%]v‘iﬁgr 3°PEBe BELRIALAY 1O

Claim1, chara erl at t ave the sane
basi ¢ shapenumb25 Of3tlmﬁﬁg§§ é%n%@rfQﬁNxﬁQhQR}Hﬁ?1CP§ﬁﬁV§l§rPEE%JR¥{Pr to

charactigy i zgge hghltnrta at réb@eé@@albp%ﬁcs Jagrl-tpla&ttsl beinki ghteseéddieed i Ng
wal | - part are locafe in or 2fe to mrror aces on, %ﬁ secon de

third wait. phrewgh aggoPeRing UL JAGHE dFAYSt BLER aFRF AL
characteri zathriee opabsang, eliﬁps¢1¢mn¢ncduﬂ ik tseedhdctiahy - pat 1 -padt s,

focal pol Nt ol acterizea 1H' Eat®h! tPALE SF SdiF A1  Bellebl PAE Q11 Wares

mrror surf . _
has the shape of a part somewhat less than half of an ellipsoid;

15 and in that a second and a third of said light-reflecting wall-
parts have a common part-ellipsoidal shape of somewhat less than
half of an ellipsoid, that said first wall-part and said second
and third wall-parts are positioned adjacent one another, and
that the second and the third wall-parts are obtained by

20 appropriate division of the ellipsoid.

2. A gas sensor according to Claim 1, characterized in that the
ellipsoidal parts have the same basic shape.

25 3. A gas sensor according to Claim 1 or Claim 2, characterized
~in that the focal points for the first light-reflecting wall-part
are locate in or close to mirror .surfaces on the second and third

wall-parts.

30 - 4. A gas sensor according to Claim 3, characterized in that a
focal point for the second wall-part and a focal point for the
third wall-part are located in or close to the mirror surface on
the first wall-part.



the first wall-part. WO 98/ 09152

PCT/ SE97/ 01¥&:58/09152 30 5. A gas sensor accordi ngpta/sEbpoinsesl,
characterized in that said second and third wall-parts are fornmed from
a part-of—am""ellTipsoid and that a section is renoved from said

elli pso sal d wal | -parts noved towards one anot her.

6. Aga\maﬂ wﬂ g to Caiml, characterized in that a di vi di ng
cut rmut epar atses *t he vvaI | -parts, an@ in that said wal | -parts are
moved away from each other. 7. A gas sensor according to Claiml1,
characterized in that the cavity includes two or nore openings for

out goi ng |ight rays and I n that each opening is positioned so as to

represent g@? Llsensor aﬂft:ﬂﬁdlﬂ@tt@éﬂ:lmmb/,s@xa&abheriﬁed lahBhéﬁtﬁ\ spnisd
sensor accordi to 7 aracteriz ichis
poSi t i onecFecCi.‘P"’ng gl?t" gn""éﬂ)ﬁ B%Ft%n%ﬁ/sg%r’%eéf%rom a PEE\? gw ates from
pat hs repr@g@ﬁéﬁicb)arm Ithlatopeseogson i20remc¥ed Argassaédseilapsoidihg to
CaimX7 or e i openi ngs are
provi ded \quﬁz \%\FEI rl Ba%%ec?‘f%% tPo"} er s%?%u% ggé?nt erference
filters. 10. A gas sensor according to Caim1, characterized in

that each 25 A&O&D%\é@édﬂ%&%hﬁgt tagcm@ixﬁ ~PAldnractaFREECUn Ok hat a

done-1i ke an el sol in that a first of sald vvaII %\rts

is | stiatiatingy e F‘@tﬂlélthDSSPﬁéﬁt%Iqhﬁaéfatlé-'parts' apd im ghatg
accor di ng 0 IR dtfe Hoved dlayChasmcédfdh 2athedd i N t hat the li ght
source and/ or the opening for incomng |ight rays is located in said

firstiQual | -part.
7. A gas sensor according to Claim 1, characterized in that the

cavity includes two or more openings for outgoing light rays; and
in that each opening is positioned so as to represent a predeter-
mined optical analysis path.

15
8. A gas sensor according to Claim 7, characterized by an
opening which is positioned to represent an optical analysis path
that deviates from paths represented by other openings.

20 9. A gas sensor according to Claim 7 or Claim 8, characterized
in that one or more openings are provided with wavelength
selective filters, such as interference filters.

10. A gas sensor according to Claim 1, characterized 'in that each

25 concave light-reflecting wall-part is comprised of a dome-like
part of an ellipsoid; and in that a first of said wall—pafts is
located opposite to two other wall-parts.

11. A gas sensor according to Claim 7 or Claim 10, characterized
30 in that the light source and/or the opening for incoming light

rays is located in said first wall-part.

12. A gas sensor according to Claim 11, characterized in that the



12. A gas seng@y rding to Caim1ll, characterized in that the
V\D 98/ 09152 satistist PCT/ SE97/ 01 3ET/SE97/01366

“opening-for--eutgeing light rays is provided in the first wall -
part ensor according to daim?7 or Claimll, -
character”mgiﬁlm M the light source is adapted to emt |ight at an
angl e ald two other wall-parts. 14. A gas sensor
according to Claim13, characterized in that said two other wall-parts
are operative in causing two coordinat- 10 ed light bundles to be

reflected between oppQsi as,S o] to
C ai m 14, cﬁgFgépgr|§% °ﬂgg§§£% BEGS, r%%ﬁ:”%§é%FF§ﬁ9a§?|§§§ f%gﬁgqﬁﬂ%gﬁe

are.caused paréxit through a - first opening; and in that light rays
froma second |light bundle 15 are caused to exit through a second
openi ng. 16. A gas sensor according to Claiml or Claim?7

characteriza@. A gaisnsemsort Recardirgebe Fiam T &Fs CAair 4 bgheFecteEired
source are ;. rhGRNYeededqhy §8h£|cé ef & esddping te baim aightiege &h afigléi ght

20 source at respective |I% exiti o eni ngs. 17. A gas
sensor accoﬁhﬁﬁglp61e¢§§n§?1 rtY% Eher 4 Si'n that the first
wal | -part has a shape whi ch conf or ns substantlally to part of an

el l'i psoid, althqu somewhat | ess .than_h f Qof 2 el li 50|d

that each of safﬂ%@ﬁbﬁﬁ&sgﬁdaFﬁPFalﬂ%IFo fﬂ) 4§3€8° 5ﬁg mﬁagﬁa{
COHTOFHF essaild akwboy otherowaddnpahbs éfssoperatﬂﬂmadn caesingrter oboxdinat-
elllpsqbd. ed light bundles to be reflected between opposing wall-parts.

15. A gas sensor according to Claim 14, characterized in that
light rays from a first light bundle are caused to exit through a
first opening; and in that light rays from a second light bundle

15 are caused to exit through a second opening.

16. A gas sensor according to Claim 1 or Claim 7, characterized
in that the divergent light rays emitted by the light source are
converged by said reflections to form an image of the light

20 source at respective light ray exiting openings.

17. A gas sensor according to Claim 1 or 16, characterized in
that the first wall-part has a shape which conforms substantially
to part of an ellipsoid, although soﬁewhat less than half of an
25 ellipsoid; and in that each of said second and third wali-parts
have a shape which conforms essentially to, or scmewhat less

than, one—-quarter of an ellipsoid.
18. A gas sensor according to Claim 1, characterized in that the
30 openings for outgoing light rays and/or incoming light rays are’

disposed on the side of a central plane.

19. A gas sensor according to Claim 1 or Claim 18, characterized



18. A gas sensor according to Claim1l, characterized in that the 30
openi ngs fowapestegesang | i ght rays and/or incoming light rays G sgore1366

di sposed on the side of a central plane. 19. A gas sensor according
to Cai mi-er--Claim 1{3 characterized WD 98/ 09152
PCT/ SE97/ 01366 in"that two or nore openings for incomng light rays

are i mﬂmmﬁimﬂm s

-

in that two or more openings for incoming light rays are mutually

) side related.



