
WO 01/81900 PCT/SE01/00899 GAS CELL ADAPTED FOR CARBON DIOXIDE Field of
invention The present invention relates primarily to a gas cell and more
particularly  5 to a gas cell adapted for carbon dioxide and including a
cavity for receiving a vol- ume of gas to be assayed, a light source and a
light-beam or light-bundle receiving  unit, also referred to as a detector.
By a gas cell adapted for carbon dioxide is meant a gas cell in which a
light source shall generate bundles of light rays, where the light bundles
are influ- io enced by the gas present in the cavity by absorption
spectrometry during passage of the light bundles along an optical measuring
path extremity in the cavity, such  that a detector is able to determine
the presence of carbon dioxide and/or the in- stant concentration of carbon
dioxide in a gas mixture. The carbon dioxide-adapted gas cell includes a
cavity-adapted light 15 source placed in a focal point for a partially
elliptical mirror surface that forms a  first cavity defining surface. More
particularly, the present invention relates to a miniaturised gas cell
which enables the presence of carbon dioxide and/or the concentration of
carbon  dioxide in a small gas sample enclosed in a cavity of small volume
to be deter- 20 mined by absorption spectrometry. The invention has been
developed to enable the carbon dioxide content of  a small volume of
exhalation gas to be determined at the end phase of the exhala- tion cycle
(the measurement value) and is intended to find suitable application in
postoperative monitoring processes. 25 Description of the background art It
has long been known in conjunction with absorption spectrometry to use
electromagnetic waves, particularly light beams or bundles (groups) of
light rays,  that have a frequency in the infrared range, and to allow said
beams or light bun 3o dles to pass along an optical measuring path
extremity and to arrange for these  light beams to be received by a
detector. In the case of gas sensors that are based on absorption
technology, the  light beams shall be allowed to pass through a gas sample
enclosed in the cavity  



of a gas cell, in which a given volume of a chosen gas will result in
frequency WO 01/81900 PCT/SE01/00899 2 dependent absorption of the light
rays. In this respect, a detector is adapted to detect the frequency
spectrum of  the light beams in respect of a gas or gas concentration
currently in the cavity, and  the gas or gas concentration can be
determined by evaluating the intensity of the 5 detected light beams in
relation to a chosen intensity of the incident light beams  and the
absorption coefficient of the gas present in the cavity with respect to the
light concerned, or the electromagnetic wavelength. The cavity in the gas
cell is normally formed by at least one first and one  second part whose
internal surfaces have each been treated to provide surfaces  io that will
strongly reflect the incoming light beams. This treatment will normally
comprise coating said inner surface with one  or more metal layers,
wherewith the metal layer last applied forms the reflective  surface. The
metal and the method chosen for this coating process will depend on  15 the
desired optical quality of the surfaces and for which optical wavelength or
wavelengths the surfaces shall provide the reflection intended. The
material in the  body of the gas cell shall also be taken into
consideration. By way of example of the present standpoint of techniques
can be men- tioned the gas sensors illustrated and described in
International Patent Application  20 PCT/SE96/01448, Publication No.
W097/10460, and International Patent Applica- tion PCT/SE97/01366,
Publication No. W098/09152. The contents of the following patent
publications can also be considered to  belong to the present state of the
art as related to the technical field of the present  invention. 25 D1:
US-A-5,170,064 This publication illustrates and describes a gas analyser
and in particular  an analyser for determining the instant, or current,
concentrations of one or more  gases. 30 The analyser comprises a body that
includes a cavity which includes an el- 



liptically shaped light-reflective surface. This surface is designed to
define two focal points. In this regard, there is provided a chamber (2)
for enclosing the gas vol- ume to be measured or assayed, said chamber (2)
having a chosen height dimen WO 01/81900 PCT/SE01/00899 3 sion, and a
chamber (4) which is intended to enclose an inert gas and which has a
height commensurate with half the height of the chamber (2). There is also
included a further chamber (3) which is used to enclose a  reference gas,
wherein the height of this further chamber is equal to the height of  5 the
chamber (4). It is also proposed in this prior publication that the
radiation source (24)  shall be placed in a first focal point (11), while
two radiation detectors (26, 27) shall  be placed in a second focal point
(12). Each of the radiation detectors (26, 27) is allocated its respective
cham- 1o ber, where one chamber is intended for the inert gas and the other
chamber is in- tended for the gas used as a reference. The analyser also
includes partition walls (17, 18) or windows that form a  gas-tight
connection between an upper wall part (14a) and a lower wall part (14b),
and also a partition wall (16) that functions to separate the chambers (3,
4) one 15 from the other. The chamber (2) includes holes (15) that allow
the gas to be assayed or  measured to pass through the chamber (2). The
partition walls (17, 18) are placed significantly closer to the focal
points (12) than to the focal point (11), so as to create a measuring
chamber (12)  20 of relatively large measuring volume. D2: US-A-4,254,910
This publication illustrates and describes an arrangement adapted to func-
tion as a dust indicator which enables the presence in the gas of small
particles to  25 be detected, these particles either being in a solid or a
liquid state. In this case, concentrated, essentially parallel, light beams
(1) of chosen  wavelength are directed through the measuring chamber (2)
that encloses the gas  to be analysed. 



The light beams are enclosed by an inwardly directed, reflecting elliptical
3o and cylindrical reflector (4) such that the light beams will coincide
with a focal axis  (B1). A light-sensitive detector (6) is disposed in the
other focal axis (B2) of said  reflector. The arrangement also includes a
part (7) which has been designed to al WO 01/81900 PCT/SE01/00899 4 low the
gas being analysed to pass into the measuring chamber, wherewith said  part
can be given any desired form, and wherein the detector (6) can be disposed
in an opening in said wall part. It is proposed especially that the inner
surface of said part (7) shall be  5 non-reflective. Summary of the present
invention Technical problems 10 When taking into consideration the
technical deliberations that a person  skilled in this particular art must
make in order to provide a solution to one or more  technical problems that
he/she encounters, it will be seen that it is necessary ini- tially to
realise the measures and/or the sequence of measures that must be un-
dertaken to this end on the one hand, and on the other hand to realise
which 15 means is/are required to solve one or more said problems. On this
basis, it will be  evident that the technical problems listed below are
highly relevant to the devel- opment of the present invention. When
considering the present state of the art as described above, it will be
seen that a technical problem resides in providing a gas cell adapted for
carbon 20 dioxide and including a cavity adapted for a chosen small gas
volume, and includ- ing a light source and a light-bundle receiving unit
which is so constructed as to be  useful beneficially in respect of very
small gas volumes, for instance volumes of  less than 100 l. It will also
be seen that a technical problem resides in the creation of con- 25
ditions, with the aid of simple means, that will enable the concentration
of carbon  dioxide in very small available gas volumes to be determined
reliably, and there- fore enable the concentration of carbon dioxide in the
expiration air of children and  



small animals, such as rats, to be determined. It will also be seen that a
technical problem resides in the creation of con- 3o ditions that will also
enable the carbon dioxide content to be determined in the final  phase of
the expiration cycle of new-born babies. Moreover, in the case of very
small available gas volumes, a technical  problem resides in deflecting for
determining carbon dioxide contents such a small  proportion of said gas as
to allow said small proportion to be released freely to the WO 01/81900
PCT/SE01/00899 5 ambient air and therewith reduce the risk of infection
that the return of a gas por- tion used in the process would otherwise
imply. Another technical problem is one of realising the significance of
and the  advantages associated with the use of a short optical measuring
path extremity 5 within a cavity of limited measurements, so as to create
conditions that will enable  said measuring extremity to be given a length
sufficient to enable a detector to de- termine the concentration of carbon
dioxide in the gas. In the case of a gas cell of the aforedescribed kind
intended for determin- ing the carbon dioxide content of a gas, it will be
seen that a technical problem re- in sides in the significance of realising
that the light source may be placed in a focal point of a partially
elliptical reflective mirror surface or mirror surfaces, and to allow  said
mirror surfaces to form a first cavity defining surface, while one or two
other  cavity defining surfaces shall be comprised of gas-conducting
surfaces orientated  from the end-parts of said mirror surfaces towards the
detector. 15 Another technical problem is one of realising the significance
of and the  advantages afforded by allowing the unit or detector receiving
the light bundles to  be placed in a second focal point associated with the
partially elliptical mirror sur- face. Another technical problem is one of
realising the significance of and the 20 advantages afforded by allowing
the second defining surfaces to be adapted for di- rect connection with the
end-parts of said mirror surfaces. Yet another technical problem is one of
realising the significance of and  the advantages afforded by allowing the
ratio between a major axis and a minor  axis in respect of the elliptical
shape of the mirror surfaces to lie between 4:1 and  



25 2:1, such as about 2.5:1. Yet another technical problem is one of being
able to realise the signifi- cance of and the advantages afforded by
allowing the gas-cell cavity to be delim- ited by mutually parallel planar
surfaces. Another technical problem is one of realising the significance of
allowing  30 the distance between said planar surfaces to equal
approximately the chosen  length of an incandescent filament included in
the light source. Another technical problem is one of realising the
significance of allowing a  cavity-associated first plate to include a
recess that functions as a light-source  holder, and that the same plate
may include a recess that functions as a holder for WO 01/81900
PCT/SE01/00899 6 the light-bundle receiving unit, and to form said cavity
in the plate between said  holders. Another technical problem is one of
realising the significance of enabling a  sheet to be applied to said
plate, and to provide said sheet with a gas-delivery 5 opening and a
gas-discharge opening. Another technical problem is one of realising the
significance of and the  advantages afforded by holding together said first
plate and one or more sheets  with the aid of a second and a third plate,
and by providing said second plate with  respective gas-delivery and
gas-discharge connections. 10 A technical problem also resides in realising
the significance of and the  advantages afforded by allowing an optical
measuring path extremity of from 4 to  20 mm to be obtained via the
elliptical mirror surface between the light source and  the unit receiving
the light bundles, in accordance with requirements. Another technical
problem resides in providing a gas cell adapted for car- 15 bon dioxide
where the cavity has a small volume, for instance a volume of from 30  l to
100 l, such as 40-60 l (microlitres). Another technical problem is one of
realising the significance of and the  advantages gained by adapting the
speed of the carbon dioxide gas to be meas- ured in the cavity so as to
enable a gas exchange of from 1-50 times per second  20 to be achieved.
Another technical problem is one of realising the significance of varying  



the speed of the gas in accordance with the application concerned, and
therewith  choose a speed which will enable the gas to be changed from 5 to
10 times per  second. 25 In addition, it will be seen that a technical
problem is one of realising the  significance of and the advantages
afforded by building on a basic concept that  leads towards reducing the
measuring volume to the greatest possible extent and  therewith enable said
measuring volume to be quickly exchanged and therewith  obtain short
measuring cycles although with the use of a sufficiently long meas 30
urement path extremity and with the use of high light intensity, by
utilising not only  light that is reflected by the elliptical reflective
surfaces but also light that is re- flected by the mutually parallel, upper
and lower reflective surfaces that delimit the  volume of the measurement
chamber. It will also be seen that a technical problem is one of realising
the signifi WO 01/81900 PCT/SE01/00899 7 cance of and the advantages
afforded by adapting the distance between the paral- lel reflective
surfaces to correspond or at least only slightly exceed the total length
of an incandescent filament used, this length being approximately 1.5 mm by
way  of example in the case of present technology. 5 Solution The present
invention builds on a gas cell which is adapted for carbon di- oxide and
which has a cavity, adapted for a chosen small gas volume, a light  source,
and a unit or detector for receiving the light bundles, wherein the light
io source is placed in a focal point associated with one or more partially
elliptical mir- ror surfaces forming a first cavity defining surface. In
the case of a gas cell of this kind adapted for carbon dioxide, it is pro-
posed in accordance with the invention that two further cavity defining
surfaces  shall be comprised of gas conducting surfaces orientated from the
end-parts of the 15 mirror surfaces, and that the light-bundle receiving
unit shall be placed in a second  focal point associated with the partially
elliptical mirror surfaces. With the intention of solving one or more of
the aforesaid technical prob- lems, it is proposed in accordance with the
present invention that the cavity is de- 



limited by parallel planar surfaces, where the distance between said planar
sur 20 faces shall correspond to the length of the incandescent filament in
the light  source. By way of embodiments that lie within the scope of the
inventive concept,  it is proposed that these further defining or
delimiting surfaces are adapted for di- rect connection with the end-parts
of said mirror surfaces. 25 It is also proposed in accordance with the
invention that the ratio of the  major axis to the minor axis of the
elliptical mirror surfaces lies within the range of  4:1 to 2:1, such as
about 2.5:1. It is also proposed in accordance with the invention that a
first cavity- associated plate shall include a first recess which functions
as a light-source  3o holder, and that the same plate includes a second
recess which functions as a holder for the unit or detector receiving said
light bundles, and that the cavity is  formed between these holders. It is
also proposed in accordance with the invention that a sheet which in-
cludes a gas delivery inlet and a gas discharge outlet is applied to said
plate. WO 01/81900 PCT/SE01/00899 8 It is also proposed that a second and a
third plate are provided for holding  together said first plate and one or
more sheets, where said second plate is pro- vided with respective
gas-supply and gas-discharge connections. It is also proposed that an
optical measuring path extremity, via the ellipti- c cal mirror surfaces
between the light source and the unit or detector receiving the  light
bundles, has a length of 4 to 20 mm. It is also proposed that the volume of
the cavity will preferably measure  from 30 l to 100 l, such as between 40
and 60 l. The velocity of the gas containing carbon dioxide and intended
for analysis  io within the cavity can be adapted to enable the gas to be
exchanged or replaced  from 1 to 50 times per second. On certain occasions,
this speed shall be adapted to enable gas ex- changes of from 5 to 10 times
per second to be achieved. is Advantages Those advantages primarily
associated with a gas cell adapted for carbon  



dioxide and having features significant of the present invention reside in
the provi- sion of conditions for obtaining a cavity of very small volume
while still providing an  optical measuring path extremity of sufficient
length to enable the gas cell to be 20 used for determining the presence of
carbon dioxide and/or determining the con- centration of carbon dioxide in
a small volume of gas mixture present in said cav- ity. The invention
enables the concentration of carbon dioxide in the exhala- tion air of
small animals, such as rats, and small children, such as new-born ba 25
bies, to be evaluated in such small volumes that render it unnecessary to
return  the gas volume used for measuring purposes. The invention enables
the carbon dioxide content (about 5% by volume) of  the exhalation air to
be measured solely at the terminal phase of the exhalation  cycle. 30 The
primary characteristic features of a gas cell for carbon dioxide are set
forth in the characterising clause of the accompanying claim 1. WO 01/81900
PCT/SE01/00899 9 Brief description of the drawings A gas cell adapted for
carbon dioxide and having features significant of the  present invention
will now be described in more detail by way of example and with  reference
to the accompanying drawings, in which 5 Figure 1 illustrates a gas cell
adapted for carbon dioxide connected to a  respiratory system designed for
small children; Figure 2 is a block diagram that illustrates a carbon
dioxide gas detector  adapted for determining the instant concentration of
carbon dioxide  and/or the carbon dioxide concentration formed by mean
values; io Figure 3 is a schematic plan view of a gas cell adapted for
carbon dioxide;  Figure 4 is a perspective view of the gas cell shown in
fig. 3; Figure 5 is an exploded view of a prototype construction of a gas
cell adapted  for carbon dioxide; Figure 6 is a perspective view of a gas
cell adapted for carbon dioxide, and 15 shows the cell in an assembled and
integrated state and adapted for  mounting on a printed circuit board or
card; 



Figure 7 is a sectioned view of the gas cell shown in figs. 4, 5 and 6
including  incandescent filament and detector; Figure 8 is a detector view
of the incandescent filament at a chosen, optimis- 20 ed cavity height; and
Figure 9 is a detector view of the incandescent filament in respect of a
chosen  excessively extensive cavity height. Description of an embodiment
at present preferred 25 Figure 1 thus illustrates schematically a gas cell
1 which is adapted for  carbon dioxide and which is used to determine the
concentration of carbon dioxide  in the expiration air of a child 2. The
expiration air shall thus pass the air passageways 2a and through a  pipe
system 3a to a respiratory device 3 (not shown). 30 A breathing mask 5 is
connected to the pipe system or a hose 3a. The gas cell 1 may be integrated
with a central processing unit 6, in the  way shown in fig. 2. A one-way
valve shown in fig. 1 may conveniently be replaced with a  pump 4' that
sucks the gas volume to be analysed from the pipe system 3a and WO 01/81900
PCT/SE01/00899 10 out into the free atmosphere, as shown by the arrows. The
circuit arrangement shown in fig. 2 will be described in more detail
hereinafter. The system can be constructed to determine solely the carbon
dioxide  5 content of the exhalation air in the final phase of the
exhalation cycle.  Referring to figs. 3, 4, 5 and 6, there is shown a gas
cell 1 which is adapted to determine the carbon dioxide concentration of a
gas, said cell compris- ing a cavity 10, which is adapted to accommodate a
chosen gas volume, a light  source 11, and a unit or detector 12 for
receiving the bundles or groups of light 1 o rays 11 a, 11 a' and 11 b, 11
b' respectively. The light source 11 is placed with its incandescent
filament in a focal point  F of a partially elliptical mirror surface 13,
which in the illustrated case comprises  two parts, i.e. an upper part 13a
and a lower part 13b as seen in the figure. More specifically, the
partially elliptical mirror surfaces 13a, 13b are in 



1s tended to form a reflector in the form of a semi-ellipse in the plane
according to fig. 3. The elliptical mirror surfaces 13a, 13b forming said
reflector form together  a first defining or delimiting surface of the
cavity 10. Two further cavity-defining surfaces 14a, 14b are comprised of
surfaces  20 14a, 14b which converge mutually from the end-parts 13a, 13b
of the mirror sur- faces 13a, 13b. These surfaces 14a, 14b are primarily
intended to serve as gas-flow con- ducting surfaces, and the convergent
form shown in fig. 3 is adapted for a mini- mum volume of the cavity 10. 25
If a cavity of greater volume can be accepted, there is nothing to prevent
the surfaces 14a, 14b from being formed in accordance with the elliptical
shape  shown in broken lines in fig. 3, or given a still greater size.
These surfaces will preferably not have light-reflective properties, but
will  have, instead, light-absorbent properties; said surfaces will
definitely not have 30 light-reflective properties in certain applications.
The unit 12 receiving the light bundles is placed in a second focal point F
associated with the extension of the partially elliptical mirror surface 13
into a  complete elliptical shape. The second defining surfaces 14a, 14b
are adapted more particularly for WO 01/81900 PCT/SE01/00899 11 direct
connection to or continuous connection with the end-part 13a', 13b' of the
mirror surfaces. The ratio between a major axis "a" and a minor axis "b" of
the allocated el- liptical shape 13 may, theoretically, be very large,
although with respect to the 5 outer dimensions of the light source 11 and
the length of the incandescent filament  together with the limitation
resulting from the beneficial preference that the detec- tor 12 shall
solely receive light rays that are incident within the angular range 300,
it means in practice that the ratio "a/b" including the elliptical shape of
the mirror  surfaces 13a, 13b shall be chosen to lie within the range of
4:1 to 2:1, such as 1o about 2.5:1. In the figure 5 illustration, the
cavity 10 is defined by parallel planar sur- 



faces, where the distance between said planar surfaces is chosen to
correspond  to the length of the incandescent filament in the light source.
This length may be in  the order of about 1.5 mm. 15 The incandescent
filament shall be orientated centrally in the focal point F  and
perpendicular to the plane shown in fig. 3. It is particularly proposed in
respect of a prototype that a first plate 41 is  provided with a first
recess 42 that functions as a holder for the light source 11,  that the
same plate 41 is provided with a second recess 43 that serves as a holder
20 for the unit 12 receiving the light bundle, and that the cavity is
formed between  said holder so that the incandescent filament will be
placed centrally in focal point  F and the detector 12 placed centrally in
focal point F, to which focal points the  delivery and discharge of the gas
are also directed. With reference to fig. 5, the illustrated prototype
includes a sheet 51 which  25 can be applied to the plate 41 and which
includes a respective gas-supply 52 and  gas-discharge recess or opening. A
second plate 53 and a third plate 54 are arranged to hold together said
first plate 41 and one or more sheets 51, and the second plate 53 is
provided with  gas-supply and gas-discharge connections 55 and 56
respectively. The exploded 30 view of fig. 5 is intended to illustrate that
in respect of a gas cell which consists  solely of two parts, some chosen
parts in fig. 5 can be integrated and assigned to  one part or to a
function block, and other parts can be integrated and assigned to  the
second part or a function block. An optical measuring path extremity
between the light source 11 and the WO 01/81900 PCT/SEO1/00899 12 unit 12
receiving the light bundles, via respective elliptical mirror surfaces 13a
and  13b, will have a length of from 4 to 20 mm. An optical measurement
path extremity is illustrated via the directly- emitted light bundle 11 a
having been reflected by the mirror surface 13a as a light  5 bundle 11 a;
a further measurement path extremity associated with the light bun- dles 11
b, 11 b' is also shown. The dimensions indicated in figs. 3-6 are therefore
significantly enlarged.  The cavity 10 shall therewith have a volumetric
capacity of from 30 l to  



100 i, such as between 40 and 60 l (microlitres). 10 The speed at which the
gas to be analysed with respect to its carbon diox- ide content travels in
the cavity 10 is adapted to enable the gas to be replaced or  exchanged
from 1 to 50 times per second. In certain cases, the gas speed may be
adapted to allow the gas to be re- placed or exchanged from 5 to 10 times
per second. 15 This can be effected by controlling the pump 4' in fig. 1.
Figure 6 is a perspective view of a two-part gas cell adapted for carbon
di- oxide measurement. The cell is divided along the line 61 and includes
connections  55, 56 and an opening 42 for the light source 11. The gas cell
is also provided with  connecting lines for supplying energy to the light
source and for evaluating signals  20 from the light-bundle receiving unit.
Included in the block diagram shown in fig. 2 is a sensor unit 100, which
can be considered as an integration of the gas cell 1 and the central
processing  unit 6 shown in fig. 1. This sensor may conveniently consist of
a construction described and il- 25 lustrated more clearly in International
Patent Application PCT/SE96/01448 (SE95  04020-0) or International Patent
Application PCT/SE97/01366 (SE96 03109-1)  based on spectral analysis of a
gas mixture present in the cavity of a measuring  cell. Raw data delivered
by the sensor 101 is subjected to an adapted signal  30 processing
procedure in a circuit 112, for instance. This signal processing proce dure
may include dynamic filtration, temperature adjustment or temperature com-
pensation, linearisation and/or calibration. A signal representative of the
instant value of the measured CO2 concen- tration, such as the end-tidal
values is delivered on a line 112a. WO 01/81900 PCT/SE01/00899 13 This
signal is delivered to a circuit 113 which, via a control signal on a line
11 3a, can indicate a set threshold value for a chosen ceiling value or an
upper  value, and a control signal on a line 11 3b can indicate a set
threshold value for a  chosen lower value. 5 Thus, the instant values are
compared in the circuit 113 and when said in- 



stant values exceed a set value, an emergency alarm unit is activated via
the line  11 3c, and when the instant values fall below a set value, an
emergency alarm unit  is activated via the line 113d. The values relating
to carbon dioxide concentrations and/or other patient- 1o related values of
signals on the line 112a are processed in a circuit 114 and said  value
compared in a circuit 115 with a set threshold value for the breathing fre-
quency, via an adapted signal on a line 114a. The signals, in the form of
alarm flags on the lines 11 3c, 11 3d and 11 5a,  are co-ordinated with
instant CO2 concentrations on the line 112b in a transmitter  1s 110, to
which measurement values of other gases carried on lines 11 Oa, 110b may
also be applied. The transmitter 110 is now able to effect wireless
transmission of the in- formation obtained to a receiver in the central
unit, in which a comparison can be  made of the flag status indicated by
several connectable and connected sensor  20 units 100. The transmitter 110
may be provided with alarm circuits for emergency- related alarm signals,
acoustic and/or optical signals, and an alarm circuit for an
environment-related alarm signal, an acoustic and/or optical signal. It has
earlier been mentioned that the detector 12 is adapted primarily to  25
receive light beams that fall within the angular range of  30. In certain
applications, it may be appropriate to give the surfaces 14a, 14b  a
light-absorbent structure, such as a microstructure. Similarly, the surface
parts  10' may be given a light-absorbent structure to prevent the ingress
of disturbing  light externally of this angular area. 30 The supply and
discharge of gas has been illustrated adjacent respective  focusing points
F and F" in fig. 3. However, there is nothing to prevent the reflector
parts 13a, 13b from  being divided into sections with gas supply and/or gas
discharge points disposed  therebetween, and to divide the surfaces 14a,
14b into sections with gas inlet WO 01/81900 PCT/SE01/00899 14 and/or gas
outlet points disposed therebetween. The bottom surface 10a and a ceiling
surface may be perforated to allow  



the passage of gas at right angles to the plane of fig. 3. Figure 7 is a
sectioned view of a gas cell according to figs. 4, 5 and 6, and  5 shows
the cavity 10, an incandescent filament 11 and a detector 12. This
illustrated embodiment includes a bottom surface 10a and a ceiling  surface
10b, said surfaces being planar and mutually parallel and functioning to
re- flect incident light. The used expression "parallel" shall also be
understood to include mutu- 1o ally opposing surfaces that may have a
slightly other form than parallel. It will be seen from fig. 7 that the
incandescent filament "G" has a length  which is somewhat shorter than the
distance between the surfaces 10a, 10b. The length of the incandescent
filament and the chosen distance between  the surfaces 10a, 10b is
significant to the present invention. 15 Figure 8 shows a detector view or
a detector field of view 12' at a chosen,  optimised cavity height between
the surfaces 10a, 10b. It will be seen from this that the directly-acting
light bundle G1 emitted by  the incandescent filament "G" is centred in
respect of the field of view 12' of the  detector 12, and that the light
bundles G2, G3 reflected by the surfaces 10a, 10b 20 are located
immediately above and immediately beneath the light bundle G1,  therewith
enabling optimised light intensity to be obtained. As will be evident from
fig. 9, the reflected light bundles G2 and G3 will lie  outside the field
of view 12' when said distance is excessively large. In this regard, it
lies within the scope of the invention to take measures 25 such that in
respect of the surfaces 10a, 10b the reflected light bundles G2 and G3
will be slightly laterally-related to the light bundle G1 within said field
of view. It will be apparent from this that by the expression that the
distance be- tween the light-reflecting surfaces 10a, 10b shall be chosen
to correspond at least  essentially to the actual length of the
incandescent filament will also include a fila- 30 ment length that is
slightly shorter (or greater) than said distance. Although the exemplifying
embodiment has been described with reference  to an application for
determining carbon dioxide contents of a gas, the gas cell can  also be
used for other applications. It will be understood that the invention is
not restricted to the aforede WO 01/81900 PCT/SE01/00899 



15 scribed and illustrated exemplifying embodiments thereof and that
modifications  can be made within the scope of the inventive concept as
disclosed in the accom- panying claims. 5 WO 01/81900 PCT/SE01/00899 16
CLAIMS 1. A gas cell (1) that includes a cavity (10) adapted for a chosen
gas volume,  a light source (11), and a light-bundle receiving unit (12),
wherein the light source 5 (11) is positioned in a focal point (F)
associated with a partially elliptical mirror sur- face (13), forming a
reflector for the light source (11) and a first defining surface of  the
cavity (10), wherein two other cavity-defining surfaces are comprised of
gas- conducting surfaces (14a, 14b) orientated from the end-parts (13a',
13b') of the  mirror surfaces (13a, 13b) and with the light-bundle
receiving unit (12) placed in a 1o second focal point (F) associated with
the partially elliptical surfaces (13a, 13b),  characterized in that the
cavity (10) is delimited by parallel surfaces, wherein the  distance
between said surfaces is chosen to correspond to or essentially to the
length of the incandescent filament in the light source. 15 2. A gas cell
according to claim 1, characterized in that said two further gas-
conducting delimiting surfaces (14a, 14b) are adapted for direct connection
to the  end-parts of said mirror surfaces. 3. A gas cell according to claim
1, characterized in that the ratio between a  20 major axis and a minor
axis of the elliptical shape of the mirror surfaces is in the  range of 4:1
to 2:1, such as about 2.5:1. 4. A gas cell according to claim 1,
characterized by a first plate that includes  a first recess which
functions as a light source holder; in that said plate includes a 25 second
recess that functions as a holder for the light-bundle receiving unit; and
in  that said cavity is formed in the plate between said holders. 5. A gas
cell according to claim 1, characterized by a sheet which can be  applied
to said plate and which includes a gas supply recess or opening and a gas
3o discharge recess or opening. 6. A gas cell according to claim 1, 4 or 5,
characterized by a second and a  



third plate adapted to hold together said first plate and one or more
sheets; and  further characterized in that the second plate includes gas
supply and gas dis WO 01/81900 PCT/SE01/00899  17 charge openings. 7. A gas
cell according to claim 1, characterized in that an optical meas- urement
path extremity has a length of from 4 to 20 mm between the light source 5
and the light-bundle receiving unit via the partially elliptical mirror
surfaces. 8. A gas cell according to claim 1, characterized in that the
cavity has a  volumetric capacity of from 30 l to 100 l, such as between 40
and 60 l. io A gas cell according to claim 1, characterized in that the
speed at which  the carbon dioxide containing gas to be analysed travels in
said cavity is adapted  to enable the gas to be replaced or exchanged from
1 to 50 times per second. 10. A gas cell according to claim 1,
characterized in that said speed is adapt- 15 ed to enable said gas to be
exchanged or replaced 5 to 10 times per second. 11. A gas cell according to
claim 1, characterized in that said parallel sur- faces are planar. 20 


