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PLURAL QUTPUT-OPTIMETRIC SAMPLE CELL AND
ANALYSIS SYSTEM

ORIGIN OF INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and issubject ta the
provisions of Section 305 of the National Aeronautics and
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42 USC
2457).

BACKGROUND OF THE INVENTION

1. Field of the Invention

Tue prescot invention relates to optimetric systems and
more particularly to an optimetric samplz holder and a
method of fabrication thereof,

2. Description of the Prior Art

Many methods and devices are known for analyzing materi-
al samples empioying optiretrie colorimetric or flnsrimetric
techniques. These devices, however, are gensrally comyplex m
nature, involve intneate fabrication of bulky spparatus and
&re not capable of withstanding severe envirarenents such as
may be encounterad in outer space. The present and future of-
foris 10 evplore the chemical constituents of the stmosphere
and soil of ovter plaretary bodes require mstirumentstion that
s compact, and is capable of performing rehabiy and accu-
rately in diverse environments.

OBJECTS AND SUMMARY OF THE INVENTION

In view of the foregoing, 1t is aa object of thes inveation to
provide an efficient and compzet systen, for analyaiz eoiploy-
ing uptimetric devices

A further object i to previde a micro-optical mersurement
system particatarly well suaied for lunar, planetary snd space
explorations and studies of tologh al or soil samples

A still further obyeet of the imvantion i3 to provide a method
cf fabricoung a sample holder for use n colorunciric and
fluorimetnc deteaninations,

© Yet another object of the avention is the proviston of a
meihod of fabncating lers formuia shaped wiadows in the
walls of sumple Lolder tubing,

& stll further object of the invension is the provision of
comp i, unidy oplimetric systenn cap.ide of tlusimetric,
coinfimetne and abserntion delerminations.

Thes: and other objrets of the invension wiit become ap-
parentas the deswription proceeds.

In accordzace wrl the wvanson, the smnple holder com-
prises 4 holfoyw tubing contaming a substanbially opague wall,
A pluriny ef apertwes are defined t the wall of the fubing
and an snouler ring which extends beyond ihe serfeces of the
wall 15 supporied within ot least one of the apertures A lens
elersent is mounted within the ring.

Housing means zre provided for positioning the apertures of
the sumple holder in variab'e spaced relation to input light ex-
citation mezns and to output kight deiection mazns. The mput
licht source 1acludes means for monochromsatizing the mput
rachaiion o a selected wavelength which is selectively ab-
sarbe¢ by a cempanent of e contents of the tample haldar.
The light output setecuon ricans dzcects the hight that is trans-
mitied through or emitted by the componert and cevclops a
signal characteristic of the presence of and/or prozosionz! to
the concent:ation of the component,

A sample holder with multrpl: ovtput apertures moonicd
with eack outpit aperture in light viewing access to hight out-
put defuction means permils simultencous colorimetric aud
fluorimetric measursment. The semple holder with multiple
aperiures can be meunted for sciective pesitioning for ul-
ternate colarimetric or fluorimetric determirations.

The sample recepiacle which can be in the form of a flow
through sample holder is fabricated by providiag 2 plorality of
aperiures in the walle of a lengih of <ubstaptiatly opaque wb-
ing. A ring member extending beyoad the surfacas of the wall
is supported i at least or.e aperture
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A lens formula shaped window is formed by depositing a
measured molten portion of optical glass within the ring and
cooling the glass to form a lens-shaped cizment, These lenses
may be clear for direct light focusing or colored for flter ap-
plications. ;

DETAILED DESCRIPTION OF THE DRAWINGS

The invention will now become better undersiood by
reference to the following detailed description when con-
sidered in connectien with the accompanying drawings in
which:

FIG. 1 is a sectional view of a {int embodiment of & duat
aperture sampls cell according 1o the invention with intepral
lenses and separate filters;

FIG. 2 is a sectionnl view of «n altemate embadiment witis
integral fiiters and Haht pipes attached to the lenses;

FIG. 3 is 2 further e'nbodiment illustrating a filter element
intzprally disposcd between two lenses, one of the lenses being
matnted i the sampls tube holder wall;

FIG. 4 5 2 cross-sectional view of a three-aperture sample
tubz holder for sinitancovs colorimetre and fluctimetric
aualysis;

FIG. 5 s a perspective view of a housing for the sample
holder;

FIG. & is a block diagram of an optimetric system for quan-
titatively determinmng the constituents of a sample z2ccérding
to the invention;

FIG. ¥ w & sectional view of an optimetriz system includiag
means for s:lecuvely positioning the light cource andfor
pioideizctor, and

FIG. B is a view tnken along line 8-8 of the embodiment of
FIG.7.

Referring now 1o FIG. 1, a flow through sample cell 10 is
formed from a smaif diameter thin-wailed metal tube 12, Az il-
lustrated, ite tubing is of circular cross section, hut may afso
ba cliipticzl, rectanguter or other shape. Sample or stan-
dardization quid 1s delivrre € 1o the cell theoush piestic tubing
13 and is exhavsted throagis tubirg 15, Suitable wbing such as
thoze formed of vinyl resirs are chemica.ly inert to the'com-
ponents of tie sataple material The telving 13 and 15 sur-
rouads Jbe ends of the sample cell. A fisst light-guthering lens
14 for fccusing input ight is mosntca in the metal whe 12
within a (isst averture encesed ia 2n annular lens holder, The
holdzr extends on each side of the wall of {ube 12 to form an
exierior projectiag Nange 16 and an intertor facing flange 13.
A radration entput lzas element 29 12 mounted on a kght view-
v g axis fo ontpus radiatan va a firther wall portion of the
metd tube veatlun a second apeitere supporting an asnular
ring holuers having said 2xt2c10r and mtecior Tanges 16 and 18.

The meia! tabe 12 iz preferably forined of a high melung
paint, nonovidizabia matsrial sich es plaiinem which molten
gless will readlly wet without forming metal oxides so that a
focd scaling bond mey be formned beiween the gless and the
metal. This sllows the melien plass to flow readily to form a
lens formula saape. Minute lenses can be formed according to
the technigue. of the mvention having a perfect lens Formula.
The tubing ¢ *n be very small ang, in fact, platinum 1ubing hav-
mg ons-cighih iach outside dizmeter down to one-sixteenta
outside dia neter has been utlized to form sample cells ac-
cording to the invention.

Tte Yenses are mourted in the walls of the sample tube by
forminga ens-receiving 2perture of the desired diameter, Itis
prefeired o mechanicafly seribe the hole in the thin well tub-
1g so than miial protrudes both within and without the well of

. the tubing,. This forms an annutar ring which serves as a lens

75

barrel for "olding the giok and further preventis the molsn
giassfrom creeping along the inner 2ad onter walls of the tube
once it hes beea applicd vo the aperture, The length of the lens
barrel aiso contributes to wecurately and selectiveiy deterzin-
ing the focal length  Fthe lzns,

A portion of plass is melted 2nd placed in the lens Larrel
which iz leld in a hoviror.tal pesition. The glass wets the eatire
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inner swiface of the lens barrel and a meniscus shape forms -

below More accurate control of lens shape 2nd focal length is
achieved by weighing out the proper portion of glass to be
used. The glaw is allowed to slowly cool from the mollen stite
while held in this horizontal position. The surface teasion pro-
vided by the &ir 1o glass interface is believed to create & force
whicH acts on a monomolscular layer of the glass surface. This
force determines the enrvature of the lens surface and serves
to maintain the shape of the lens while it cools to # pearly per-
fect and smooth form. The aciual shape may be cal:ulaied
very accurately since the surface tensicn is constant over the
enlire area. :

In the meaiscus lens of the invention, the focal length varies
from the center to the edge o form a planar image The lens
has a wide accepiable anp'e of over 1307 to 170° ar a wide
aperiure of f7 and below. ft is extremely difficult to grind small
lens:s to the degree of lens quality achieved by this technique,
The method of the inveantion is particularly effective in forin-
ing lenses 1 sty in apertures on curved surfaces such as cyhin-
drical tubing.

In order 1o form a l2ns of the deulred shepe, it is necessary
tha: the fens holder provides wo wettzble surface nonmal to the
avis of he lens, Otherwise, the molen plass uncer the impatus
of surface tension witl ereep sideways slong the surface an -
deterrminable smount and 1he final shape will vary ir-
repreducibly. A lens bariel havirg a glass retaming sidewall
only permits surface shaping at the air to glass mierfave.
Another.sutable lens holder s a4 ring of wire having no ap-
precieble latcral thickness, Thus, the molten glass mctal mter-
face will have no apprecizhle effect on the meniscus formed st
the glass tosur inicriace,

Memiscus-shaped lenses can be formed inm 2 wure ring hohler
gecording 1o the static methad drcussed above The shape
<an also be cantrobled by dyaemic rolhing of the rng holder or
sleeve during cooling of the malien glass, For example, the
sleeve contamnag a pornion of mol'en glass may b placed ina
toriontal quartz 1ube winech 1s rolted during coohng Surface
teriston will still do wermine the shape of the suface exposed 1o
air. {The lens element shape can be veried from congave {0
convex depending on the volarte of glass applicd to the lens
holder. It 1s not necessary ¢ maetch the cosfficwnt of c¥pan-
sion of the metal nirg and the 2tass If the meta! bieaks, it s
simply peeled away and the lens can be mounted by mechau-
cal meuns If the metzl iemaias, it can be vsed to mount the
lens to a support by solderiag, braung o7 other suitable ndoe-
s1on or aliachmest process.

T'he tenses are of great value when used in systume requiting
accurate mmaging such as in direct view fuenmelrs. In many
applicatiens, hov ever, accurale imaging is nol necessary, the
prune requirement being efficient coliection &ad U istmission
of hight inio and from the bght absorbing ard fluoressing
materizals.

The lens may be formad from clear plass such as sou'a-lime
glass or may inclede appropnate coloring maseriziz for forna-
tion of a combination lens-filier element As illustrated in FIG.
1, clear glass bas been used 1o forn the lens ond sepaiate Sher
elements are wiilized. An fnput Glter 22 is positoned Letwesn
the sput lens 14 and a hght input Ianp 24 and an ouipul fite
26 is pusstioned between the output bens 29 znd the photode-
tectur 28. A signal proportional to transmitte 1 hight detected
by the photodeic tor is gencr ved i the data ceileciion circdt
(not shown) and is recorded oT displayed.

The lans-forming techaiy2 of the mvennon permits the for-
mution of colared lensss for bult-in Giter ferms. The glecs can
he eolored by muving in sppropuate colering matersals or
desired transmission chaiacteristics can be schiaved by wizing
colored fiter glass such as Corming itlzer-grade plasees vto the
melt. Two or more lens segments of different erior may be
vithzed to form a composite lens for the filter segmrent cor be
fused directiy to the lons and outstde wall of the sample cell,

Referring now to FIG. 2, a.modified form of the sample
hoider is shown in which ar laput filter 39 has been attahed
10 the japut fens and to ihe well of the metal tuhe erd an out-
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4.

- put filter 32 Fa5 éccn attached 1o the output lens and ihc.'a.d;

jacent area of the metal tube 12. As shown in this embodi.”
ment, the fiiter 32 is substantially elongated in order to pro-
vide light-piping effects. The sample holder assembly as shown
can be insertzd inte the remote end inaccessible areas. ’

For examp'e, a cample hoider with attached input and out-
put hight pipes can be iaseried into the body at the location of
the suspected site of trzuma. 1.igat js piped into the body fluid
tc be moaitored and the output lipht pipzd out of the body to
the cetector. In instrument dcsigr , more flexibility in place-
ment of components is permissible. The lamp can be remote
from the rample helder and thereby avoid ike heating effect -
on the sample. This ¢liminates the recessity to cool the sample
or to temiperature-calibraie the data;

A coinposite leas-filter element is Hlustrated in FIG. 3. In
this embodiment, a cyfindrical filter clement 40 such as one
compostd of ulwaviclel transmitting plass is interposed
between the iens eiement 42 mounted within the wall of the
tubing znd a further lens eleinent 44 mounted at the other end
of this cylinder €0. These elemen?s can be joined by optical
cenient. However, it is preferred to fuse tham tapeihds since a
ghass-io-plass fused bordas more stebie in the envirbamen g
encountered n outer space and those encountered on gihes

‘manetary bodies, On the cutput side of this sample Lolde:, the

lens clement 43 mwovnted in the wall of the tubing is formed
from clzar glass The Nlter cylinder 45 is composed of an ui-
travidel absorbing-visible light transmitting glass while the
leas chemant 47 mounicd on tap of the filter cylinder 45 s a
comt ination lens and cutolT fitter formed from yeliow glass,

In the quantiative or quehitative deteimination of multiple
compareits n a single fluid separate excitation wavelenprhs
and sepurate outyat wavelengths may be 1equired, or exam-
ple, v the detenmination of creatine in urine from the sbsorp-
toa bard of creatinin: picraie, a charactarntic abserption
bard of a5out 480y is 1o be menitured by eetonmetry. In the
fluonmatric delenmination of cacivm in unae, excilation
radizting at ebout 450u results in fluorescent cmssion at
aboet 520p T leonmetric transmiission measuremants can be
ete.de stratght through. However, Quorimetric owtput can also
be measuizd at other angles to the incidem Yokt and in the
normal posiuoen more steay light van be climinat¢d. This per-
mits simclinesus or 2ltern st messuremeints o be made with
the opt mztnic device of the invention.

Referig now to FIG. 4, 2 c#nse saction of a sumple tube
holder S1 for ssmaulianeous creatine 2nd calomn uriee analysis
is shown. The sample holder 58 comorizes a tube 52 including
three spertures The fivst aperiure iacivldes a light rathering
irpullens elewnent 54 An me.andescent Iigat source means 56
1s mounied 11 {ront of the input lens $4. In hing with this in-
crdznt radiabion 1s a second aperture honsing colortmetne out-
put tens 58 for ecering the ehuracteristic creatinine picrate
radiztion outpul, A third aperte. ¢ provided normat 10 the in-
cident lght receives lens elarnant 66 for detecting the calcium
fiun.imetric radiation ontput.

Referring now to FIG 5, the sample holder 51, the filters,
light source and photedetector calls, are adjustably positioned
inn the dasired relation within a houzing 80, The héusing 60 it
preferatly forrmed in two parts which can be disengieed forin-
terchargmgihe vaiious eizments Epch section 62 of the hous-
inz is o general rectarpuiar shape 2nd mchudes a fjist 2vlindri-
el reeas 83 forrecerving alamn 61 The basa .:m;of'hc lamp
64 iscovercd with asteeve 85 of a heat resigtant plasiic such as
sliciria to forn a clese fit with the recess, but permit axial-
sliding focasing of thz bult. The diameter of the recess.is
selected to receive an input filier elerment 66 which may be
fused directiv to the sample holder 51,

The instde terminiss of the recess 63 is intersected with a
perpendicul v channel 68 for receiving the sample hoider 81
and inlet £nd outlet tubing 69, A further chiannel, not shown,
is proriged 1n the other section of the housing 60 normal to
the sampie helder 31 for rzceiving a fvorimets:c filter 72 and
photodatector cell 74 The cell 74 is also surrounded with
Micarta to forn a cloes fiv with the channet,
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“in-line photagdetuctor coil ar2 mounted for relz

5

A third channel 80 is provided in thz housing in line with

= channel 63 and this channei §0 receives the colorimetric ot~

put filter 38 and photodetector celt 90, .

To perform analyses with the optimetric instrument of FIG.
5, the appropriate filiers are placed in the input and output
channels and the seciions of the housing are assembled around
a sample holder with the lens apertures i the conect orienta-
tion The bulb and the ceils are focused and the inlet and out-
let twbing are attached to a pump ard a wasie receptacle (not
shown). The insirument can be cpaiated in a single beam
mode whereby a standard solution 1s first passed through the
sample holder and the data collection and analysis syslem
cabibrated and set (0 a reference level. A metercd sample of
urine and reagent is then pumped through the sample holder
1o displace tha standard soluton and optical measurements
can be made simulenccusly or lternatively to determine the
quantity of creatine.aad caleivm in the unne sample The in-
struments of FIGS. 4 and 5 ray z2lso be utifized to simultane-
ously obtain both celorimetric and fluorimetne output frem a
ringle substance This is pract'cal 1n most cases sice the same
input wavelength is absorbed for colarimetry and excites the
substance 10 emit a (fucrescent oxtput.

A dndble-bezm mads of uillizing the sample holder of the
inventron is lustrated in'the block dingram of FIG. 6. The
saraple test cell $2 contains the matertals to be analyzed while
il e reference cell $4 contains stzndarg sohuiions of the desired
consponent Narrow band source fiters §6 establich 2 particu-
lar spectral output from the Heht rousce 93 into the saraple
cell 92 and reference celt $4 In-lne output filters 104 further
nairow the colonmeinic ouiput before coticctivn oo the
photodetector cells 145 Normal rmode fluonmetric output 1il-
ters 108 perform the same furciion.

The photodetectors 105 seeh as cadmivm  selfide
photclubes act to convert the: eeiticd and received light into
ciectrical signals which are transmitted from the sample and
reference photocelis respectinely le a comparator 110
wherern the difference in istonsity is measured to give a dicct
ndication of the quastity of the substance contained m ihe
samiple fuid baing analyzed.

A furtber optimetric sysiem for muliiple optimetric Geter-
minattons is dlustrated 1n FIGE 7 and 8 In thus device al-
ternate detenninaiions czn be run by posibuinng a detector
from a positiea in hue to the ingidest radiation to & position
normal thereto A howsing 254 receives a sample cell 202 hav-
ing at least three apentures. The [t aperture chaanel in-
cludes a light source 2048 2nd source fliter 208, The sucond
and third channels includa output Tiliers 203 and 210 respec-
tively.

Tha housing is mounted on & stationary base 212 which has
an culer beartng grooved perinester 214 A rotatsble platiorm
216 surrounds fiic peometer. A photodetecior ceil 218 is
mounied on this platfurm for selectve poationing in front of
the two owtput channels Since the filters are ' place, the
desized dutput s being provided and all is reguired is the
selective pasitioning of the photocell in line with the output
channel being monitored.

The same versatility is providad by mounlng 2 detector on
the staticnary housing and selectwely posticning a Baht
source lfom a position in Lae with an incident light aperture
channel containing a first szlzated band-pass fiiter to a posi-
tion in fine with an aperiure chaune] normal (o the first in-
cident light channel or 1o some other positigned sperture The
second channe! contains a selected bant-rusgs fliter 1o pass
radiation.characterissically absorbed by a seaond component
of the samgle. Other vaniztions zre possible. In anothz ar-
rangement, the housing contains the sampie holder and two
sets of straight-through light channeis, each with szlected <ar-
row band-pass input and outpat (Giers A lhght source and an
e movensent
with respect to the hovsing. The light source and photoc:l are
setectively positionsd in line with the first channed and a read-
ing obtained and then moved to the second chansel.
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The optimetric system of the invention ¥5in be fabricated
very simply into a compact, effective and reliable device for
the measurement of transmission andfor absorption of par-
ticular wavelength light and/or “the fluorezcent output
wavelength of opticaliy excited species. The system of the in-
vewion will find application in the medical, pharmaccutical,
paint and industria chemicul fickds and in general laboratary
and school wse. The system s particularly applicable to
micreanalyses and espeaally for micro-opl-cal measurements
in {unar, planetary ard space studies of biclogical, soil or at-
monphere samples. .

It is apparent that ealy preferred emboediments of the inven-
tion have been discioscd and that nmerous modifications,
substitutiops and sltsrations are permissible without departing
from the scope of the invention &5 defined in the following
claims. : )

}elaim:

I. In a sampie cell for receiving material for optimetsic anal-
ysss, the ‘mprovement comprising:

a hollow tuss comprised of a substantially opaque wall and
formeed of a nonoxidiczble metal readily wettable by mol-
ten gloss, said well defining at Jeast a first aperture
thercin;

a cylindricz] lens barrel integral with said wall, consisting of
ssiture forming wall material supported within said
aperiure and extending beyond opposite surfaces of said
wail; and

a meniscus-shaped, wide-angle glass lens forming a direct
plass-to-metal sezi with the walls of said lens barrel.

2. A seniple cell ascording to claim I wherein szid wall
daofines 2 second aperture ahigned with said first aperture, and
2 third apecture normal thersic.

3. A sample cell accorling to claim 1 fn which the glass
forming sve kens iz seiectively colored for pawing a narrow
band-pass of rad:ation.

4. A sample cell according to claim 1 wcluding a rarrow
pand-pass filter 2nd me.ns zilaching saia fiker 10 said lens,

5. A sample cell zccording to claim §incleding a light pipe
znd mezans atiaching sand Light pipe 1o saiu lens.

6. A merhod of forming an optimetne fluid sample holder
comprsiag the steps of,

formung at l¢ast one aperture in the wall of a metal tube
formed of a nonoud.zable metal readrly wettable by mol-
¢ glass; .

melting 4 p-artion of optical glass;

plucing the molien glass in the apeniure;

holcisyg the whe herizzizal 1 fovm & meniscus-shaped lens
within the apersure; and i

cooiing the slass to form 2 metal-to-glass scal with the wall
of the tube, ’

7. A method according to claim 6 in which a cylind:ical lens
holder compnaing a sheeve of mete] formed of an integral ; or-
ticn of the metzal of tha wall of the tibe 1s disposed in said
agperturs and receives siid leas

8 A mcthod according to claim 7 i which the lens holder is
dynamically rolled during cooling of the molten glass.

S, In an cpln:elric sample receiving uril for receiving a
matenzl to be optimetsicaliy quantitaively anzlyred Lompris-
ing an opaque contziner having a Egit mmput 2periure and &
light outzut zperinre in the walls tharens, means for radiating
chancteristic, narrow-band excitation rediation 1o said input
zperture 1nchuding a lemp 2nd 2 narrow band pass input sb-
serption flier; and means {or detecting characteristic radia-
tion from said ousput aperture including a nerrow-band pass, -
output absorptici (ter and a photodetector cll; the improve-
nient comprising: .

housing means defining an axial recess for receiving said
container, a first, radial recess ia communication with
said ughit input aperiure [o1 veceiving seid lamp and input
fittes; and a second, radial recess in communication with
said Tight output apertvre for recelving said photodetec-.
tor cell and output fiter; and
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" band means surrounding'a, portion of said lamp and said’

photodetector cell for providing a shding, adjustable fit of
said lamp and said cell with the inside surface of suid
second and third recesses,
19. In an optimetric system for combined colorimetric and
fluorimetric, quantitative analysis including a contairer for
receiving a material for analysis including at least ihree radia.
tion fransparent apertores in the walis of smid container with
first and second of said apenures in aliganment and the thurd
aperture heing normal thereto; means for radiating a sciected
band-pass of excitation radiation which is seleciively and
churacieristically absorbed Yy said material, first detection
means for detecting asclected band-pass a1 longer wavclength
than said excitation rediation ef fluorescent emission radizlisn
from said material; and second detection means for detectng
a sclected band-pass of the excitation radiation absorbed by
said material; the improvement comprising:
housing means for mounting szid container;
rotateble support means surrounding sad housing means
suppaitirg at least one of said means for radiating, and
delection means; and .

means for selectindly rotating said suppont for selectively
positioning said means for radiating and said detection
means in alternate positions with respect to said apertures
whereby the means for detecting ard szid firt detection
rizans are in communicaticn through said first and
second apertures ducng colonmetde analysis and said
means for radiating and secund detectron means are in
commuaicsiion through said first and thire apertures dur-
mg (leorimetric analysis

Il An opranciric cysiem according to claim 13 in which
said heusing means fachades a first recess for receiving iid
means fer radiarng in conmunication w.th sd finst aperture;
a second recess in communication with smg second aperture
for receiving saud first futer, a third recess wy eonumunication
with said third apsrtwie for receiving said second filter and

"3,573,470

5

20

25

30

35

40

45

55

69

65

70

said detection means includes a single photodetector cell
mounted on »aid rotatable suppost for sulective po<itioning in
communication with each of said second and third apsrtures.

“12. In an analytica? system for producing colorimetric 2nd
Ruorimetric photoelectric autputs characteristic of particular
constituents in a fiuid to be analyzed, sajd system including a
sample container, excitation radiation means and photnglec-
tric detzetion means, the iinprovement comprising:

asarnple container for receiving szid fluid definiag a plurab-
ty of upertures tramsparent to charactesistic input 2nd
output radistion, said spertures including.an input zper-
turg, z fiest output aperture 1v line therewith and a second
output aperiure normal therato;

exciistion means for radialing a selected band-pass of ex-
citaiion radiztion to said input aperture which is selec-
tively and charactesisticaliy absuibed by 2 ¢ompanent of
the fiuid sample; :

{irst colorimetric photoelectsiz means iacluding a first nar-
row band-pass filler recsiving the radiztica output {rom
said first ouiput apertere for delermining the quantitative
culorimesric absorpiion of sald excdavon radiation by
said component; and

second fleorimetric photoclectric mears indluding a sécond
nzrzow band-pass filler at a longer wavelengih then sad
cxcilation radianon for detecting the characteristic
fluorescent emisston of 2 component of said sample.

13. A system accarding to claim 1% m which light-gathering

lenses are movnted and sealed in atJeast ore of said spastutes

14. A syste.a accerding to ¢laine 13 m which at leust one of

said lenses 1s colored for pessing a selected band: pass o7 radia-
tion,

15. A system accerdirrg to claim 12 i which saui

fluerescent emission is in the wlirevialet range and said secoad
nasrow band-pass filter does not pess said excitation radiation.
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