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20  that a color change occurs, or the color change is inherent to the chemical reaction. Thus,
subsequent to the addition of the reagent, visual inspection against a printed color chart can
determine the absence or level of an associated contaminant. Such purely visual comparisons
are inherently subjective, and therefore unreliable for sensitive measurements. Generally, a
skilled technician is required to determine the degree of the reaction and interpret the results.

25  Alternatively, a colorimeter or photometer can consistently measure the degree of reaction
(e.g., the depth of color or the spectral transmission) and, hence, the concentration of the
contaminant. However, traditional colorimeters and photometers are not practical for field use
and provide only color related data.

When the reaction product is a fine-particle precipitate, the sample can be

30 measured by optical turbidimetric methods, i.e. scattering. A high concentration of precipitate

as a result of a high concentration of the contaminant creates increased scattering. Therefore,

the level of turbidity corresponds to the level of contaminant concentration. Alternatively, the
1
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timn ul ses.” In synchronismwth t eLEDtlmn_(l; pul ses, the
out put s wsfleetyeff qmqueo@lbjg@tesn@p@sgammehi tra@ﬂh@enmtseféamequmt h@rercwdmat ive
of an indiv

ored
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t he summp@vitled®néusdcadangdiethd seRpicahRGt b 1“sd51atad ffﬁ)ﬁ'xeﬁxﬁbiéﬁt light 9®b corifd the
resulting _conparison value is displayed in nunerical formto indicate a

mat cH degfpénpeninthisconnentianat elorgnetey s wsually wihged ercdpstvrbein alaheralgns.  pat ent
No. 6,157,454 to V\ﬁ&“é?{ ;1 gJes a ‘%N&S %3?3@1{81]€1Eéhﬁhy 8@&18 ésgﬁto?ﬁcal-rhe

m ni ature col ori neter awnga OI’ t ansmttlng
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sources, m%urclitle on the s%?nréeslubstrate. Thus, only reflected light is analyzed. U.S. Patent No.
5,229,841 to Taranowski et al. shows using a plurality of different colored LEDs which are run
25  according to timing pulses. In synchronism with the LED timing pulses, the outputs of the
photodiodes are sampled, and thus each output is indicative of an individual colored LED’s
signal. U.S. Patent No. 6,094,272 to Okamoto discloses receiving a sum totalnof reflected light
and comparing the summed value to a value associated with a reference target. The resulting
comparison value is displayed in numerical form to indicate a match degree between the tested
30  item and the reference item. U.S. Patent No. 6,157,454 to Wagner et al. discloses a miniature
colorimeter. The miniature colorimeter includes a body having a light pipe for transmitting
reflected light to a light sensor, three different primary colored light sources, a display panel

and a measure button. In operation, the miniature colorimeter generates three color data points

representing the reflectance of the target measured at the wavelengths of the three primary
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and a neasure button. In operation, the mniature colorineter generates
three color data points representing the reflectance of the target
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5,083,868 to Anderson di scl oses the need portable colorinmeter. The
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optical concentrator between a sanple cell and an optical detector. A
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i nst runent measuring very wat er tur I es
NTUs. Theepaasplbigl onmet er i nstrument has one |ight source and

U.S. Patent No. 5,083,868 to Anderson discloses the need for a portable
colorimeter. The colorimeter is enclosed in a housing for receiving a sample. When a vial is
25  placed in the sample compartment, a cap member is positioned in grooves to prevent
interference from external light. U.S. Patent No. 5,872,361 to Paoli et al. discloses a portable
turbidimeter having a non-imaging optical concentrator between a sample cell and an optical
detector. A cover is utilized to reduce the effect of ambient light on the readings. U. S. Patent -
No. 5,604,590 to Cooper et al. discloses a nephelometer instrument for measuring very high
30  water turbidities, such as 10,000 NTUs. The nephelometer instrument has one light source and
four detectors. The detectors receive back scatter, forward scatter, 90° scatter and transmitted
light.
Still further, several patents are directed to devices for only determining the

light penetrability of liquids. U.S. Patent No. 5,696,592 to Kuan teaches immersing a light
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four detectors. The detectors receive back scatter, forward scatter, 90
scatter and transmtted Ilight. Still further, several patents are directed
to devi cewofoan4wnty determining the |ight penetrability @CTIuSqusasg? U. S.
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i ncorporated herein by reference. Despite the teachings of the

above- ned¢scobeathboat ertisorpdreted hareen brrdferasce. pr obl ens associated with the
systens and net hods of the prior art as known in the field of water
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Alternatively, on-site analysis is often subjected to inconsistent results

due to hwagntesting rMamysyskeas reqeivd e simscangemmg) pipcess of acqphimgiacsamaid apdt hose
desi gped_f fi ield only i . . t
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providi ng a onsi'sten turately i ca

cont am namjedi@Me lisconsistehitaesullseins té hanaeerdsro Auethee deviddsasshopridriaet, | ocat i on.
There is a need, therefore, for an in@rove_d 15 water testing instrunent and
met hod whATEFulARy thopedestaned frmorighle fipdd bieaywld @iy iRyed sesulls: Indhepastone, and
preferab : gy ket L i

per at | eVl AR thad o R REIT e Bl RO Lo R AALI AR OB,

di r ect edlesothan reinoodc egarditsy o thefloratiopt Therkliya nexds therafgre, £0 agumpioveds of a

substance in anbient |ight erei he devi.ce includes a transl ucent wall
dor i ngate rapes maumt And e i Bl BerrHE SR GHoroBIrF o A L e e
subst ancgnd andBrefd¥Rid$ UipBHalith Jf piafictdD ot AWakiBty cTUpPli@SioAdandEpeRttingt her

| i ght source, Is nountéed adjacent to the sanple chanber and emts a

nmodul at eebridetzamsof radi ati on di stingui shable fromthe anbient |ight because
the radiation is nodul ated. After passage through the sanple chanber, the
25 radi aSUMMARY OEcHR2EINBENTIO®E ect or angul arly spaced about the axis of

Gener at 65 a. modul alBUBREbIeBRGhArTeRA Bt POUaAnd dRges FreRiry TBrespee
radi 2§ i ojudbhict Bfa QARANESTRIRMiIEH LihE WBRRIn the@RUICE AdiRles AthhMadswalle
radi ati on source and the detector and processes the nodul ated out put signal
for showdefmnirg a sample chamber and an axis. The translucent wall contains the substance to be
measured. A radiation source, such as an LED or other light source, is mounted adjacent to the
sample chamber and emits a modulated beam of radiation distinguishable from the ambient
light because the radiation is modulated. After passage through the sample chamber, the

25 radiation is received by a detector angularly spaced about the axis of the sample chamber
relative to the radiation source. The detector generates a modulated output signal indicative of
the intensity of the radiation of the beam impinging thereon. A controller activates the
radiation source and the detector and processes the modulated output signal for show on a
display.

30 The present invention is also directed to an instrument and method for
measuring characteristics of a substance, wherein the instrument includes a sample chamber
for receiving therein a sample of the substance. A signal generator has a radiation source
mounted adjacent to the sample chamber. The radiation source emits a beam of radiation

through the sample chamber onto a detector of the signal generator angularly spaced about the
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di splay. 30 The present invention is also directed to an instrunment and
met hod for neasuring characteristics of a substance, wherein the
i nst rumrerwvoioaolerdes a sanpl e chanber for receiving thereiPeTSOZBEBRE of the
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r ef er encegpdl 4@ theapleranse meageeraeis HedesCravice pancartradionsr then@nussuithg i n t he
10 s I r t ' I Agi ' t he concentration.
The g?gs%h ?ﬁ%g F§%§?gagﬁ§5ﬁ§§;g@g@gb?gﬁgégg%ﬁggmgﬁh device for anal yzing
col or and scatt eri T peseanirgkeatigaisatboshuepled to 8 uethodsnd derice forsmnaiykag
contained in a vial, erein the elongated sanple defines agn axis. The
devi ce i fRIPLATESCalieringof ap plongaipd SIPPIR; Tigh &5 awareéﬁarﬁglﬁcamaﬁlga_nbﬁa having a
first ragdhabiPhe SRULAE] SRME BEhRTIAGRRL THE dbiiBe SRR a AP letimng a

t
radi ati on source enTts a first beamof radiation through the sanple onto a

first sefisomeadpuhlaline haspacefirstitadistion keurexinounted atiecad tpihe samplst iThe frg t he

firsi_radi,ation source. The.first sgnsor nerates,a first output s a
e st SR s s A bt PE g o s gDl b b st AsBE anghley

channel gatédgsoudths acRM tBahplORMIVBIIGNR fMidadiatdiisrscd MEfeemst Rnsecond

radi ati on source nounted adjacent to the sanple. The second radiation

sour ce agensrasesia Brsboypeisiannl mdicativg ef the intensity wf Frdistiondmppizingiiersor Second
sensor  a eggll’l UlbnSRRERS ARAMA RRaB%AS18e aﬂuﬁ‘?ncdﬁc?e'!%é’r &l ?etcb%{c?ratd%titoge .
second radratron gource ¥or gener at ngp a second out pu? si ghal . ectronics
act i vat es@acmoiintédadjadeantoahs sanfitle PThe s26nd Fediiog Ralse gioendts adbehmafeby .
Preferably, the channels are about 4(2?%gart r col or

t | f .
t r ansti sEHBHOR HYOUS) g SHPRIE OPIORRIESORL| fersar{gulgé%%vevgaggwt%@ﬂw Phe
I nstr um%{}%ﬂ%lﬁ%h@ﬁle%gc& %aﬁ%ﬁ&?mur&@%?géde%ing'asseE&ﬁfoutﬁlﬂ%}’g[n‘ﬁf.rpl oy Iight

sour ces are nodul ate and therefore the signals generated thereby
Electronics activate each of the channels and process the signals generated thereby.

Preferably, the channels are about 45° apart to allow for color, transmission and 45° turbidity
measurements.

25 One advantage of the instrument and method of the present invention, is that
they employ light sources which are modulated, and therefore the signals generated thereby
can be isolated. As aresult, the instrument and method are capable of functioning in ambient
light. Further, multivariate analysis can be conducted simultaneously to gather data faster than
with traditional mechanisms.

30 Still another advantage of the subject invention is the simplified arrangement of
stationary components which perform a multitude of measurements. As a result, the reliability

is improved and production costs are reduced.



can be isolated. As a result, the instrunent and nethod are capabl e of
functioning in anbient |light. Further, nultivariate analysis can be
conduct edwsimwhdizaneously to gat her data faster than w thpoTagor/sasoal
mechani sms. 30 Still another advantage of the. subject invention.is..the
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ar e howsubfeat disclopire,city; Figure 2b is a partial schematic, side view of
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el ectronics of an 1 WStruneh construct’ed i n accordance wth a preferred
embodi Mefrincdple k4ye of tip€LEDs bf et Stti@entFdogsifutedl ih acevr@arce ivith sprefereti c, top
view of the gptics of an instrunment constructed in accordance with a
pr ef er r eemeaimantaithe soiechdsdopject di scl osure: Figure 5 is a partial
schematic, top vi 1182 BRiaf SHUREHC, 1 vRWSIHBWE HcridShnaP plafBARWH AR 1 N
accordance with ae}pﬁgg{eerre 8%?7%0% rrentc’oﬁgylﬁe subj ect dingc osure; 1

principle ray and outermost rays of one LED of an instrument constructed in accordance with a

preferred embodiment of the subject disclosure;
20 Figure 3 is a schematic view of the optics and electronics of an instrument
constructed in accordance with a preferred embodiment of the subject disclosure;

Figure 4 is a partial schematic, top view of the optics of an instrument
constructed in accordance with a preferred embodiment of the subject disclosure;

Figure 5 is a partial schematic, top view of the optics used for a scattering

25  measurement in accordance with a preferred embodiment of the subject disclosure;

Figure 6a illustrates a perspective view of another instrument for measuring
optical transmission, turbidity and fluorescence of a fluid sample flowing in a transparent
conduit in accordance with the subject disclosure;

Figure 6b is a cross-sectional view taken along line A-A of Figure 6a;

30 Figure 7a is a perspective view of a sample vial in accordance with an
additional preferred embodiment of the subject disclosure;

Figure 7b is a cross-sectional view of the base of the sample vial of Figure 7a;
and

Figure 7c is a bottom plan view of the base of the sample vial of Figure 7a.
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Figure 6a illustrates a perspective view of another instrunent for

measuring optical transm ssion, turbidity and fl uorescence of a fluid
sanpl e flwaimg4i702 a transparent conduit in accordance w PRTIUSE2/303R9 ect
di scl osure; Figure 6b isI clgss-st ional view.taken along Iine A-A of

Fi gure RETAHOERLY: a 1P QF ABEFER SMEG | in
accordance wi th anp, Agdidt ARENHA FeflohRd %@'t}'i‘?oé}&)tr%fg }%é@eerﬁg?ésﬁﬁéteg gvni{) o

di scl osure; Figure 'S a cross-sectional view
vi al of Wwitguestingadevicendnd-ingthods. 7thd slvantages, emd pthanfewfuess obthet ihgriese aod t he
sample vial of Figure 7a. .6 W 03/0407 PCT/ US02/ 30329 . DETAI LED. .
DESCRI PTIPetoddisei Em&tbqgm%wgﬁxﬁepaﬁ?@é%mow vdng Ptnagy Fill dhres

many f thg'r rt@fdér?fhe%floxpirn@%%ﬂﬁd a&%ﬁgﬁ@{ kel bre WAL E EmbSSihicn Waviiges and

met hods. e advantages, "and other teatures of the instrunent and nethod
di scl osemnhextomyithithd diawingsevhidr et fatidiepiesepgareambodimehootthh prdsent

ordinary. skill in 5 the art fromthe follow./ng detailed scription of
certain IBV%‘\“QPr%rHi‘5%8%1’(}5%@?8?3‘?{“?%% lg%ﬁ}fﬁgﬁlf%ﬁt%??rﬁp ¥ ﬁl_é’e%l awi ngs whi ch
set forth repr esenﬂz@fw@_tsrm%m MBI S1tPAxi§ PRotBERRAEnsihdMSiahedt, 1 00 AstIET ei n
i ke reference nunerals identify simlar structural elenents. Referring to
Fi gur e 1a heusing 11i0-faxprotesting antbaligningsemisplrepmnpesents movnteddlerpinct digblay 142

housj nhg 110 for. pr.otect] d_aligni ' t herei n,
ot P g B R B B ARG ERAS T « SRTPAREKSp IR | M s
to a usefkeceiding idpuf EoRas uet4 The houserpel M defiinkdptdcedsr 1At far 1¢seiving Theeincusi ng
110 defines a recess 116 for_ receiving therei.n an, el ongated sarrplg vi al

130 def i fienagtes sempipval 130dedinmeragihapbertberaiyfos recshpnga sanpe 1 bstesigd: As
d i b . : ' evial 130
escri e&sér%ﬁhr}gg?ﬁedem, thdRcELIEE ﬁ'rb\o]p%ﬁ? Pﬁ%%gﬂh% YarRble 90 1866 §2 %Bh_@e%l ‘réb%

in the optica anal ysi s. 0 or conmmuni cating w
conput erfof motlysi$iofupprtari@ far cmoketicdidg widr a ¢ampiter @ionghoam) and @ soxkiet p2ior

cell 121 (as seen in Figure are also dntegrated within the.hgusing 110.
Pr ef b aDiHyr Ol pipelpober Golh 23S sfen TE et By 3ba Tbeetg e Heedtag |
known t o] N 5 Ereradly, PMbFRL 18 18 liskriall OSBNEEREEI3oU PR Rtor Mel likeRis @S REMA 16 thbdee
I nstrunent 100 is watertight to increase its ruggedness. The optics and

el ect r ondfowdinaryi skl inthe pertiventragtnt | y preferred enbodi ment are LEDs and

photovoltaic 20 dgtect.or her ei naf.tar. " PVDs" re fixe L1 hin e
Pousing 1300 16 1 SERTETheHSFRAR R pedian iy Rifpre it ahindid 1185
conponendpiicsayd dlectusifies, Wdidhth thd durichgy paiféresdnanisrlimetGud LED® ahd pledtotvdiic
i nstrument. For exanple, without l|im¢tation, sem conductor |asers nmay

repl2te dawstaretrerainefigshBVaBDrarefhtrdiudun dha hapsingild) dltds prisionsdihai st or s) or

aval anchg, ititude of optical and electrical components may be used to fulfill the performance

requirements of the instrument. For example, without limitation, semiconductor lasers may
replace the LEDs and photoFETSs (photosensitive field-effect transistors) or avalanche
photodiodes may replace the PVDs. It is envisioned that any useful combination of analog and
25  digital signal-processing electronic components may be used as the electrical components.
Reducing the number of moving parts provides for increased reliability. As described in
further detail below, the multi-axis, multi-source and multi-detector instrument 100 is
selectively operated by electrical switching to perform a plurality of tests.
Preferably, the sample vial 130 is a thin-walled, visually transparent or
30 translucent, non-scattering scintillation tube in the form of a wide-mouth, capped bottle. In a
preferred embodiment, the sample vial 130 is in the form of a clear glass or plastic cylinder
having a height of about 2 inches and a diameter of about 1 inch. As a result, the sample vial
130 will refract light passing therethrough. The medium within the sample vial 130 will also

interact with light passing through the sample vial. It is also envisioned that the sample vial
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phot odi odes may replace the PVDs. It is envisioned that any useful

conbi nati on of anal og and 25 digital signal-processing electronic
conponentwomap4diez used as the el ectrical conponents. Redweirngor/bmsznumber
of noving parts provides for increased reliability. As described in
further Hﬁl%ﬂlbewéum regtRee i obloag Pia muljithde afthershaprg apidl be ARRTERiRlSH by

i nstrumep %hﬂzl I ing to perform
a plural | y ofor 1?1;1?/5& IE tlthgﬁ %ge{% ‘gogﬁ%gtkﬁ%ﬁ)nﬁg%} S:r'?hl n-wal | ed,

vi sual | y transpar efihe sam36€ viat mmascaaabbednmnewmmlmm rgp $39. rithel dagtl3dms t ube
in the formaof a w de-nmputh, capped_botile. In ferred enbodi nent, the
sanpl e vPrﬁferai@bpYoé’“f e Witlh2 ?aé?rpr?f‘&? 12;358{9%&’61@'?%%‘%&%18’@%‘?{%8 VAP iRk SRR i ng
a height, ﬂfan@il?x%tlvr\lf(ider@:ﬁhﬁalr@é}ﬁ tAe SInAITB VRN 196 isaliQdkable t13id AS a result, the

sanple via refract 1ight ‘passing therethrough. The nmediumw thin
t he sanptressvécaitaniid@tion fromagirexdousi tetter Breferatly ithe seghple veed $3hbasafilbligh 13 héor
sanple vial. .It is al.sq envisioned,t 03/ 0 02
PCT/ USOZInat5 350 63%‘3’E‘F8t5’ér‘°é‘&h%€é‘mp eﬁ%‘i’i‘@%ﬁ&?ecng‘b*?%%” h‘Pse ol bR B

ot her sh@ap@srtentMrl basb@ oA R 18£dhPHo8 heRin, tR@SRNSIbNY hhitdtlYotTshdthuctibn,tdng
pertinent art upon review of the teachings herein. The sanple vial 130 has

a t abbedshape pEthe sampleadal; léo@apthzesrucnﬁes pingtheisamplsrchpmpeyisliselosed heigay

5 of ' FandP Ry SERBRE el fehERos LA YRPAE ARER AL BlicaRth ooc

avoi d creBse apfuaRhnGtdthdiwise@Rdpdiedi ous tests. Preferably, the sarrpl e vi aI
130 has a fill line 131 for indi catlnggthe requi red anopunt of sanp

may be recogni zed BWR"%@@@FSHPH'PN&IQ kS filled W‘thf}ﬁ’ée%@t“tq ﬁ@rﬁlacéfit‘”‘%%ed on
the !eachiRaRsDPE e MIFuRLHED! #0P exdMAE helest flid SRR dAGll A ket Nape

of the sarrp e via or ot structures Ining t sarrp e c

di scl os eﬂoﬂneheoutpﬁ(bfeermrﬁmﬂg/wmempp@r yIn aemeferreg/ eﬂnbodlhmngdd: sasptiegalr B

dependi ng upop the rti Iar a i nstrument, ar ot herw se
as” bS] rde Btk a3 sphpledielcer i Spical reffacuSoeledent fepisynie oo ReRREE ™ b i o
and pl acﬁﬁlcﬂ‘bﬁlﬁ%nln thBf1UsaaRe %m%é@irrﬁlt tah%tlhé?%hfd%ﬁ?@ﬁnd]&@twal;@{esﬂéﬁnm e, the
test fluid may be a water sanple taken fromthe out put of a drinking water

suppl y. Pmngﬂb’flerth@@n@mﬂ@clp mhousm@lh(}a@pd épegifyd IngtBEtioss ERRY bot h as a

ot r unentergeal R R e ekl ARl sk PETL LS ERRO tpg Pig e wser

har dwar esem@ls wigtiianasyBad €54 desppr@fiatet@stutly ad, vithoet liaimidideslonturblityhousi ng
110, and specific instructions faor any chermical /turbidimetric tests are

ent e?bd QT ioressendeesssisacribed l@furthﬁ’édﬁéﬁ#]ﬁ’& 1hhy, instrungyg 490 analwzes thefted t he
keypad 11]1&53’5{%2%0‘%’?&?;( ﬁfmtdﬁ:%{es%cl}gs ,Of\f\ﬁé%g{ut limtation, color,

turbidity uor escence, escribed in further det ai l beI ow. The
i nstrunment 100 anaNysmfehh@ todégureﬂh,mrdy aredididnel plasgs|1ayb 24P 1 4edire stioeen t he
results %fr s;[n?p 1c1ty t1'he sample vial 130 is located between multiple LEDs 150 and PVDs 152
when placed within the recess 116. In one embodiment, nine LEDs 150 are arranged so that
25  the principle rays 151 emitting therefrom define three meridional planes 154 passing through a

49 3’

central axis of the sample vial 130 and converging at the central points of their
corresponding PVDs 152. The selection and arrangement of the LEDs 150 and PVDs 152
creates a plurality of defined meridional planes 154a-c about the sample chamber’s axis z. The
LEDs 150 emit in a forward direction, but there is no need to further control the cone angle of

30  the emission, other than the refractive focussing performed by the sample vial 130. Preferably,
the LEDs 150 are relatively small view-angle LEDs. As shown, each of the LEDs 150 and
PVDs 152 lie on defined, fixed axes, and the meridional planes 154a-c pass through axis z of
the preferably cylindrical sample vial 130. Any angle effects are automatically taken into

account by zeroing with a pure water sample, as described further below. In a currently
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Now referring to Figure 2a, only neridional planes 154b and 154c are shown
for sinplicity. The sanple vial 130 is |ocated between nmultiple LEDs 150
and PVDs wbas/owiten pl aced within the recess 116. I n one e®o@diSomsi329 ni ne

LEDs 150 are arranged so that 25 the principle rays 151 em tting therefrom
defi ne t bieésrederibafiment obt@m@ee&®4vm@§1 the thres Mgwdaner@é@naﬂ Blanggyl Sdascor of

e SanP LGl B @DMLRDY Rl difk Bl LREISEN B B MRAN ! fighbor 0

correspon e selection rangemnen the
PVDs 152ultx@m©&1t Sdsiblefnd lnazim 1h£taméd (Ghefermadtelr YIS Qirarpelfopliquié spticaliabsorpgiloout t he

sanpl e chanber S axi s, z. O emt in a forward direction ut
there i s horeseltng ﬁ%letmwgﬁ P&‘?‘}l‘ﬁ‘?rb?fl H?ﬁlé’%‘ﬁ"e“éwlé%‘? H@@Stlf%enéﬁws%'ﬁ

ot hers t hﬁﬂht: he é@é%@%a Yo f AGHS Sct@inBR o e B midal (iR b%?@im Batdf@hasdizl.

Preferab are relatively small viewangle LEDs. As shown,
each of VllseallcEIDs ddlsﬁnmambn AvDse tGolliment thaleEDrert, sechwddw&xwrmamdtebhe

neri di on .anes 15 a t hr h .axis, z..of th r. ferabl i ndri cal

sanpl e v?@ﬁ%%eteﬁrﬁp j"l‘é'l ‘gr é}%’?ees&"t ngf(éor ?ftstg?rjdgli’t(fﬁw 66 Qvég’gﬁt ll"mt ioh %l€8unt by
b 1

T rentl SR ARl B DR RS, 303§’*‘$%’P£‘§‘r¢2‘&h@;’}£“§§‘? o0 of o8 am)

present andvehitd. dreferabdy.tthe white éﬁmé@axrtrml pidaMID3PENES ayglpblectrgm Chicago
hapnel d t | ‘ od
0\(; e?ﬂ?ﬁ E/Iﬁélggﬂ‘é) uﬁllr{l?e Al Onvalléloggd tpl oghegln ﬁeogmr@ }Iﬁ; f{e)g)g’( %r@?dg}lﬂe%égbtsstouz% e

range f ognd detetists Qﬁélu@mg tlad)@wqmngm and‘ﬁbaummbﬂ sutingglsesoaices atidt deternuds,
preci sion of photonetric transm ssion neasurenent exceeds that 5 of the
human ey®ouldrhy obxiosh Esonakillpddn theat upasrreyigy i subigct diselegirpeyond t hat of

classical visual pokon,detep ?E'Wg ERARsiohRoRd) %@%ﬁ@%ﬁmer bbfels lea\flzﬁ

sel ected with approxinately diraneters and bri ght ness. e col or
of the |i3htandrehe vadth oficatloBVD 159, bxtselented ik cmnbl@dt&ﬁh Mmap'eed«herﬁullsmrmmf

wave| engt.h), .green (565 n 60. n nea 0,or 94 and
o TE " Bl T chpehaiing G, 1BC BifThrcoRE BF iifistibe sy Ll 30 Bl o
Chi cago dRtoMe Im% Hﬁ 8ble@Bhapelbyl p"asﬁﬁ@’ﬂﬁéx%‘ﬁ‘iﬂe §hdtle Y €50.58ERE! the RctgulaEDs,
PVDs, and other |ight sources detectors, includi ncg@;t‘he wavel en{tﬁ&i and

posi t i onshapés @ﬁlbthPVDghite mesded &leﬁeﬂtb% lights In apefersebembasimentseach

skilled i on _rev. sub e I each
LED s em!libs]istf1 @bhrég Pra re%/ﬂ\fléE?J l\(/)gg}%ov%nrb)é} a%%g%ug én t\;’ieasfﬂ%p @Sygatf lé.lold t he
w dt h of peachER¥Rith dto adoRvarelcesd WHich Preferablyat hfeva mués&@qam@oﬁwm cone
of 15 light within the corresponding PVD. The circul ar cone of ght

em t2@d wh@auwcmamalsm unsfomls’td@ﬁm@ued mtbmahlsmn@ﬂ@hslﬁaEécle’/VBd§8 |hﬁgan

t hrough the sa th egt 0, Ds are
needed t PREEHER ei’f %(y%@ TH g?ta% ar aiCtlve grf)ér e esrﬁ{rlgogé ﬁr\/Do%iqgggat%} © %%% h%EED 150
is a hi gbhﬂl@bém&&uﬁtb&MmmA OB adteRV BpPplastd@ipednimatetym & manfrérehs anpl e

vial 130. Each LED emts into a forward cone which preferably has a
vi ewang| gangfle visk §3Q ww9llseidhe fogw;ard cone of light emitted by the corresponding LEDs. In

another embodiment, a PVD of approximately 20x20 mm may be used with a small cylindrical
25  lens (axis horizontal, not shown) placed in front of each LED 150 in the 5 mm space between
the LED and the sample vial 130. The cylindrical lens condenses the vertical beam spread to
fit on a 20 mm high PVD or other sensor. The PVDs 152 are used in the photovoltaic mode to
assure linearity of response to input signals, no dark current, and minimal sensitivity to the
operating temperature of the instrument 100. As may be recognized by those of ordinary skill
30 in the pertinent art based upon the teachings herein, the dimensions and angles herein are only
exemplary and may be changed as desired or otherwise required.
Preferably, the optical system is simple to construct, and requires no rigid
tolerancing, as shown. To facilitate lightweight construction and automatic alignment of the

LEDs 150 in each meridional plane 154, a piece of metal or plastic (not shown) may be
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20 with em ssion roughly uniformy distributed within this cone of |ight.
Each PVD 152 has an approximtely 20x40 nmm rectangul ar active area. A

sui t abl e WUlDsioso7avai | abl e from Radi o Shack under part numearuSE2IB2424A.
Each PVD is placed approximately 19 nm from the. sanple vial 130 to collect
t he for wmachipesher m@ldpq? fhieceieithe gEle plage. darepedgoembedjmerpslean glass g bkaer

e B BB LI S, B 588 A6 87 e

cylindri ens axi s hori ace ont of each
LED 150 1 §0 ardor ViDs $$ﬂam@rbﬁinmm ammélrd.tEﬁldapldIﬁ Q18] otk embbdmed8@. The

cylindrical |ens con s e vertical peam spread to on 20, mm hi gh
PVD or oWéFe%‘@H%'B?SSC}ﬁ £0V1@25 affnée Qrer %heth%ée-sweﬁlagfgkbaﬂ%O%%‘gh
assure | Héﬁ@fo'naly;ﬂmes SARUIIL iR daRRiHss, Sdugﬂﬂhépe Q:Ochg ?Kalctklfrfo?s@tratlcﬁdlglr@ ni mal

sensitivity t e operating tenperature of he I nstrument may be
r ecogni zedadwyerhds eAsflesoribéchturtheshardih, BO mstruimet ]déhnclméesta micqrodeatrelderdgén

t he teachln s herei di nensi ons and angl es herein.are onI enpl ary
and nay S CETARGLE bl PREFTBRe S PASE g g Gase pr S BrSoI! in e
optical pygh&attdo ebiIehd ParfRBSWIttHihg re@lfles’ GBHsERRNINP, thé 8hIY mdviigepaial Ng,
as shown. To facilitate |ightweight construction and automatic alignnment of

the LEDSeisgrument jehismseierdbbnthe hahdnesertedisanaplp viat d3&f rret al or plastic
COoEnopa) Ty Der et AR Ra Tk IHOE S0 SBERLS R YerdtBlld * ©

secure the LEDs in anotner e ass (0]

transpar @mng@mehtr(aasémmmt IiCh¥ @bﬁgéﬂh@bﬂ@fg@m&h ane L@thmenranwtfm PMZe
secured over the LE 150 and/ or PVDs to prevent water and dirt

bui | dup 19%allqw rwelgm@tfﬁeeqm ERBsdPinmbe ugd sw%i%w%r {r& phatemetric, transmisgion
shown) | End IR &rfe@n@&%l{a mp'cpéa%p%east t} AU EBRed thaPlifial? ntérkb@erée 1Betsdhonal
y ean e

pl anes to no ard ¢ but to increase t st gnal -t o- noi se
rati o dushdven) imfrastofeometod theAsElesorbenesed fausttalpen tlneespemoscbpﬁ 1f destredinrent 100

i ncl udes_a _m crocontrqller S best. seen ur rogr dina
mnnbr KRG0S @b b OB BY Had 52 BeppoxmReie Rk P roevgh ¢ 69 Bot  of
the vari Raléé%_ Wi 15NihBgk 6@981‘3@@ skﬁpﬂﬁﬁgﬁﬁﬂhédf arttHaSedOiah thDWLEEnBHekeih thesehe
instrunment 100 is preferably the hand-inserted sanple vial 13 10 1n

anot her dmrodioneare onisowrrm@s and may e chengad aa desugd ion otherwise agisauired.

and Tour PvDs 152181 tokel (el PRRRTpo RehLORSHE ol Blns g SPoF RN <

si nul t anggidst ¥ shéwin PRQIMAPIRItY1 Qs shbrASHE SRti@idnaBpland 134blidiineterplanealefined
colorinmetric purposes. It is envi sioned that smal| interference filters

(not20 shbw#he axgs ¥ prshz obf resgulsr caidinptepystern lhwill aerppresialehbypbase fhlled
spectros r I 52 is

aBpr oxi ma tB gc}rté%atgges Ihgg(ﬂﬁn%l\g)\l/aglf qfsgg%r}l’a%reg%g@%g%géﬁ?%gﬁg& Eﬁ%’ O]fof ordi nary
skill i nntehdlopelrﬁlamaer164abhn<ﬂ)&medxmpmaytblaen nepspatiabdirdeéoei Ror thé pseerred

?Ie(r:]rﬁln f;ggr%bgélr%egtnsl egpgé(cf Sr;l?lllp?é Xiaf"{‘f'o q?eymc?s% secnhsabri'g ggecetli%ndeaefgr?edax?srz gt herw se as

approximately vertically upwards. For other embodiments, such as the sample vial or chamber

25  defined by a quartz pipe or other transparent or translucent conduit for receiving flowing fluids
therethrough and described further below, there are no practical restrictions on the length and
orientation of axis z. In another embodiment shown in Figure 2¢c, a plain-glass beam-splitter
157 and small reference photocell 159, are positioned so as to provide continuous monitoring
of LED output power and feedback to correct for LED variations, if such referencing is needed

30  or desired.

As shown in Figure 2b, the LEDs 150 are located at a distance “s1” in the x axis

from the left glass wall of the sample vial 130 in the drawing, and are spaced some minimal
distance “h1” in the z axis from each other. The principal ray 151 of each LED in the

meridional plane 154 intersects the central portion of the respective PVD 152 along the z axis.
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Referring now to Figures 2b and 2c, only one neridional plane 154 of the
sensor is shown for sinplicity. As shown, the neridional plane 154 lies in
t he pl anewoaBiomga2z 20 by the axes x and z of a rectangul arPcaamsozisosat e
system It will be appreciated by those skilled in the art that the

ner i di onghe BVBad 523w erieatod apppranapbyernsadicyler ie)ihe senten ayis oA e meridional
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respective PVD 152withomferdriae ta@ Figdxtes2b, e DMYH 3 OO 82 riffldryUS0/130329 The
PVDs 152 are oriented approxi mately perpendicular to the central axis of
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ot herw sg, Rt ﬂt(ﬁﬂ., ﬁaﬁ_fﬁ@%bﬁ%tiéﬁl%ewgﬂgl%@ﬁﬁ I¥D 5@ i tude nodul ation) so

that software of the mcrocontroller 174 can anal yze ‘'each PVD s out put
signal and separ aPefdrhitdy cthrep ameidi nah plasesnp4f aro spacad bethgdnally €ind. sabootd 5°as
descri bed further below._  For exanple, in a currently preferred. enbodi nent,
the freqtRangyrond shectenirelgxiyz ofthe Prafsrably cyfindrisgl womé vigh ik rgimpliciy,
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refraction in the x-y plane of the extrenme rays 153 emitted in the LED s
forwar d skohén thi pertinent art based upon the teachings herein, depending on the measurement

application, a greater or lesser number of meridional planes may be used, with a greater or

25  lesser number of LEDs per meridional plane. If the sample vial 130 is scaled up or down in
diameter, then the optical design will require s1 and s3 to vary (see Figure 2b), particularly so
that the PVD widths W (see Figure 2¢) can be constrained to avoid the physical overlapping of
adjacent PVDs. In theoretical design and tests of the preferred embodiment, where the
diameter s2 of the sample vial 130 is about 25.4 mm, it has been found that for LEDs with

30  view angles where 27 is less than or equal to about 24°, the useful dimensions in the system
are an “s1” of greater than about 5 mm but less than about 10 mm, an “s3” of about 15 mm,
and “W”x”H” equal to about 20x40 mm, which are commonly available PVD dimensions.

However, as may be recognized by those of ordinary skill in the pertinent art based upon the
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hal f-angle T1 (i.e., half the conventional view angle of the LED 150).
Preferably, three neridional planes 154 are spaced octagonally (i.e., about
45 apartwoasowtd2z t he central axis z of the preferably cylPcadrsozaiz2sanpl e
vial 130. For sinmplicity Fig. 2a shows only two neridi-onal planes 154b
and 154cteaﬁrlewrea%nwﬂyeééhﬁsefhm%l%ﬁvfa? &8 M by ¢haneed qsaﬁiﬁseeﬁ@raﬁth%rwase
plurality, 9{ cdEDs 150 of different peak wavel engths, and a single PVD 152.
Thus, the I nstrument 100 of the preferred enbodi nent has ni ne distinct
waveband LEDs 150Rafedmgmezetq Fidependdin treondridioea fPvs 1552¢ akusediin e
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about, 24 f-ul the system are an "s 1" of greater than
abou{ 156%5?3?251}5{1?%%@%%&?@& Kﬂ)mn an "s3" of about 15 mm and "Wx"H'

equal to about ZOXMhHmnbmdhmelntangﬁmrﬁmmﬂlyalayaxf badill&oRVD0aH rensvicthably
However reco&zr;l zed by those, O{)j dinary skill in t @Eertl ent
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ar e usedfrequeany. Beitcyomeircusion Mithinr aswitehing ¢irdugriuared UT2 tegeivsethenkgillatot r i pl et

of orange,, red only dee
o ee. anautsvﬁ@nﬁﬁfmeﬁe%l?ﬁhﬁ&?oﬁ%ﬁaﬂmgﬁsﬁwfﬁ&g B P ped B ARt ary
| ong- pasge aésﬂeds b ubasss willl BeedeScribed ianthrd d&ail bEISHE Hor ¥Rdniplad Rirslepd,ayed in
front of 2a and 152c, respectively, to reduce stray light in the

instr ]lcmeﬁmph‘ﬁﬁéﬂ\/é?hm@ sghsmies fiustreied withs the gwitding sivauitseaicafl d%nk Wil bse
t
satis acg deibtla Bg?pg)sé ggﬁé in tgé 8%5%? e? E\g%ta{;%% :in’? H)%[ {h Bltctlﬁé 3 @ﬁf%g&djﬁg

In the pr erred ow - and reen
ar e usedisinot liwvited It(Dth&bnﬂblfﬂtd vJ:Es%h 1ll|ul§trzité‘tﬁ aadiiodh erilttudé of¢qubiratidns deyond
pl uraI ity of oscillators 17 ably. co‘rérﬁect ed to the sevein LEDs

15022k, ﬁ@&ﬁ@m ape Fonterpplgied tT ehlse %mwcw NEPS GPBYICHES MR ent
to the oggiJd 1%& dﬁdencﬁéﬁtﬁ[ ?éahaﬁ s GG £ 6hikIRLiR b1y7t9e aah gqfn?e% oRgAuare wave

of a unique Sw tch |ng circuitfy withiin a swtching circuitry
area 172assemeﬂed@seatriphﬁesdl80h-at amplifiers 188a-c and display 112. A microcontroller 174

provides the instructions to actuate the oscillators and associated switching circuitry. The
microcontroller 174 has a microprocessor 184 and memory 186 operatively connected thereto.
25 It will be appreciated by those skilled in the pertinent art that the microprocessor 174 can
directly generate the modulating frequencies for the LEDs 150. Thus, the analog oscillators
170 may be unnecessary.
Still referring to Figure 3, the seven LEDs 150 are of various colors.
Preferably, the seven LEDs consist of light blue (B+) and dark blue (B) LEDs 150c within the
30  meridional plane 154c, yellow (Y) and green (G) LEDs 150b within the meridional plane 154b,
and red (R), orange(O) and infrared (IR) LEDs 150a within the meridional plane 154a. The
light emitting from the LEDs 150 passes through the sample vial 130. Within the sample vial
130, the light is refracted and scattered, if turbidity exists, as described above with respect to

Figures 2a, 2b and 2c. It is envisioned that two of the PVDs 152 will receive filtered light. In
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15 out puts and determ nes which LEDs are illum nated dependi ng upon the
specific analysis requested by the user, as wll be described in nore
detai |l beWwows/okon2 exenpl ary purposes, a sinplified sw tcRcmgsszbisee s
illustrated within the swi tching circui tr¥8ar»-ea~--~1n7-2. It wll -be-.
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the oscillators and associated switching circuitry. The mcrocontroller

174 has wmethods,chs pyseebfiltarg magrbd omattety 186 operativel y connected thereto.

25 1t wll be appregiate se skilled.in.the pertinent art that.the
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exists, as describgd, ?ﬁ'?éﬁ:%d%b'&dfn%ﬁ%t: ofq gl&hla ro?ire%ﬂllpli%@rs@gga-%%ooétg i s
[ he r filte In 12 WO

envisioned that two O PVDs 152 w || celv ed light.
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optical filters aids in reliably separating the average fluorescence
eni ssi onpdrinenisitt \The bopstetsignady ard variahly eqised beswit¢hing eiecuitas B2oto aseiyning

fluorescence-h ul sed. cihtatio [ .tlme-de hads .
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into an gbgcddtditbdlow] WhidhevéripRedngsifietd IPa-ccdre tirhedan, tisd @bsonding sigehliisat ed
at the same frequencies as_that of the oscillators 170a-c which supplied
powet! t osenhto the syaayRenplier s Thonluglityaeamplifitrad $A¢ aosacB AmeddP Pows
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amplifiers 188a-c are processed by the microcontroller 174 and input to the display 112 for

25  review by the user. It is envisioned that the display 112 may be a LCD screen, a printout, a
digital meter, an analog needle gauge, or the like as is known to those skilled in the art. The
outputs of the tuned amplifiers 188a-c also are stored in memory 186 as data. Software stored
in the memory 186 provides instructions to the microprocessor 184 to process the data of the
particular test. Preferably, the data and/or results are transmitted to an external computer (not

30  shown) via the port 118 for further analysis and long-term storage on a periodic basis. In
another embodiment, the above sequence of preamplification, switching, summing and
frequency-selective tuned amplification, relevant to the analog representation of the instrument
100 can be replaced at any point after preamplification by a number of alternative digital

methods of signal processing. For example, a switched capacitor filter, a digital software filter,
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In a preferred enbodi nent, one of a plurality of preanplifiers 180a-c
boosts each signal generated by the corresponding PVDs 152a-c. The

m cr ocontwoloBe#o70¥4 determ nes 15 the tim ng and durati orCafusosn329
activation of the preanplifiers 180a-¢ by controlljing additi-onal -sw tching
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It is envisioned that the display 112 may be a LCD screen, printout, a
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i nstyument 00 c n be re ced at.,.a oint after nmp C on by a
bl " orouiE TRl secosn gt B She Stinghb BF «BhpfarSiebREOER R . &
swi tched capacit or Thiiddr&ke tiR adbdhdy2ds th@fdswamentd 100tvilien podt-M¥a3liA&Ri684nd

PCT/ US02/ 30329 synchronous denodul ation and the |ike can be used to

extract mhéulgteg rmnahmﬁ@s@tqn}enrwmarnéd pwt[by prvedeniped eqnebingianmnftdigitigtlerc. The
flexibiljt | L
R R L

any PVD B Or%ﬁom em SSi on now to

Fi gure 4fromoweakiragibiion diyectedrfraan en DEXN §U @nside ehy vidwlahgle @phd, GadfaceTeflection

conmponents i n anot her preferred enbodi ment % the instrunent 100 includes
i

thre®d LEtRon entgsmethe sample visk | Pl/optiqal seatiering by bubkles anorgiagtigulaiesdin thons
al | oned fy,;g, ﬁﬁrdargma Spwr&r S Bl RA: reﬁ&fhoﬁ\épa lés%ngmsgar@léampm
4a-c

transm ssion I n their pective neri di onal anes nd, by Suitable
swi t chi napd/drirefl¢dtightand saitttengalt thy PA X Uy2bsuaifake. qud advanege of usibg 6EDg .in thiee

SBLi el LML BUP L2 S PR A Shed FROON el 22 B dephecs dfom
whi ch hagrdeemecahl SgRCbawive Fifthdr B&luced by the addition of black absorbers 190a and
25  190b, as shown by broken lines in Figure 4, within the empty spaces of the unused meridional
plane between the LED and PVD sides of the optical system. As shown, the black absorbers
between adjacent LEDs can extend inwards substantially adjacent to the sample vial 130.
To further increase the accuracy of the instrumeﬁt 100, periodic calibration is
appropriate. For periodic calibration, the sample vial 130 is sealed and contains pure
30  bubble-free water (“the zeroing bottle”). The zeroing bottle is inserted in the instrument 100 to
check and reset in memory 186 the instrument’s clean-water transmission and any direct or
scattered stray light levels. Resetting the stored base-line levels at the time and location of use
corrects for instrument ambient operating temperature fluctuations, component aging, and will

signal the user if some mis-function or major departure from factory-set levels has occurred.
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sanple vial 130. In this enbodinment, the protective color filters in
nmeri di onal planes 154a and 154c have been di spensed with so as to all ow
scatteri ngomsasarpenents fromany of the plural LEDs in amgTnsoz/sizonal

pl ane 154a-c to any of the four PVDs 150a-d. It is envisioned-that a
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lightsoriginates fromweak radiati oro&gt%t ed froman LED 150 outside the

vi ew- angl e cone, surface reflection upon entering the sanple vial 130,
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fluctuations, conponent agin will signal the user if sone
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measur e npmi@téd)b)dﬁab eligplayel 1act1w1alele‘cubxlnbsj ligfudifeg Withand mitdtion th@hrﬁplmﬁem‘aﬁd
transm ssion signals stored in the menpry 186 for each LED are used as the
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Color Change Measurements
25 Referring again to Figures 3 and 4, optical absorption of light passing

straight-through the sample vial 130 provides color-change data. It is recognized that color is a
psychophysical perception, and therefore an opto-electronic device cannot obtain such a
measurement. However, for simplicity, the term color is used to refer to the multi-wavelength
photometry disclosed herein. Thus, there is no true concern for the visual color of the fluid
30 target, just the photometric transmission at particular wavelengths.
To obtain a baseline for the instrument 100, precision spectroscopy is conducted
in a laboratory. The results are stored in the memory 186 to be used in combination with

digitized data from the output of the tuned amplifiers 180a-c (see Figure 3). Preferably, if a
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require stored calibration data, and that field generated reference data
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Wi a ki o t y chemca

carried ntai ni ng vari ous necessar s and
reagents. |f a redgembtheeetibodinehe tiddaeiment tlbe irshcidsahd cometiettionofaf f ect a
col or change, it _is envisioned that two sanples wil] be taken. Cﬁe of the
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fol |l owi ng exact sane process, for the addition of
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create atrgulsum?trtee 1Cg ?tsignal (T) of solutions of varying concentration without varying the path
length of the light or the wavelength, and dividing T by the transmitted light signal of a pure
25 water sample (T,) with the same path length and wavelength. A plot of the logarithm of the
ratio against concentration is a Beer’s Law plot. A linear Beer’s Law plot indicates that the
Beer-Lambert relationship holds for the solution at the particular wavelength and the Beer’s
Law plot is used in determining the concentration of unknown solutions. Symbolically, the
Beer-Lambert relationship is “T/T,=10 A» in which case “A = gbc”, where A is the absorption
30 coefficient, ¢ is the molar absorbtivity, b is the path length, and ¢ is the concentration of the
compound in the solution. Preferably, the stored data points are generated under controlled
conditions in a laboratory by measuring several samples of known impurity concentrations

with the instrument 100. Upon acquisition of an absorption or transmission reading from a

field sample, the stored data is compared to the reading from the field sample to find the
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effect. For many col or neasurenents, only red, green and blue + LEDs 150
need to be 10 utilized. In one enbodinent, the red, green and blue + LEDs
are LEDs wb0aA¢n702 espectively, as shown in Figure 4. ThePChruse2/BBDs are
each nodul ated at a different frequency. a result of the three beans of
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wherg A is the absorption 30 coefficient, E s the nolar, absaorbtivity, .bis
the pat neTHGEHE MERHBLMPS TSR AR R PR foomiseh § REFUOB SRHSCRA e mppents in

sol ut i ontheRaME eslableypositiogs 83 ot il Figurens Aid4.aTke Seifdimt @ebuithdefangant rol | ed

conditions in a |l aboratory by measuring several sanples of known Inpurity
concent r 2aCPEhRE OANICKOPEREsIon sPRtietER accpoliskisrielgegditarbidiyrmespsuismeabi@dy pt i on
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PET / USOfZ?l“B&aﬂﬁ@/ datDis rkppafffml_algﬁl?ﬁed mumrétswigh?sme?ir{)g&tt iaSamti4t§° ar ﬁnmabmuti{n?\r/]m to
t hose of ordil nar SKI 1N e erti .ar a upon. revi ew o

teacHl ngs di scl oel? Heregibrdimgy., e rppiatey t%@ea}w@%&ewmg&e g *EPcs o
first anﬁ%ag)gfsge.dndﬁlnaoea 3L 2tcAMRo R 1RANiR e AEBRESIH Y& nstrubnft 100884 Ng

fromthe sanpl e. Based upon the field sanple reading, and the first
and secoeehtaib additiang compsnentsrehich areowd shovoh fozsimpgliditynaior esdnple.isntker pol at es

rriv n i [ | evel. for - . ..
to a gor%gon%nts w%% prto¥ess ?heemgna?s and facilitate performing additional measurements as

described hereinbelow. As light from the blue + LED 150c passes through the sample vial
25 130, a portion of the light is scattered and impinges upon PVD 152b of the adjacent channel.
PVD 152b has no color filter so a signal modulated at the frequency of blue light is generated
by the scattering. The amplifier 188 (see Figure 3) is tuned to the blue light frequency. After
first measuring the sample transmission by amplifying the signal from PVD 152a, the amplifier
188 is then switched to amplify the signal of PVD 150b only, and the strength of the signal is
30 proportionate to the 45° turbidity. As a result, the instrument 100 displays a value on the
display 112 indicative of the turbidity of the sample.
Still referring to Figure 5, NIR emission turbidity can also be measured.
Preferably, LED 150a is a modulated source providing NIR, PVD 152a is the transmission

monitor, and unfiltered PVD 152b is the sensor for NIR scattering approximately 45° off-axis.

17



the field sanple. It also will be appreciated by those skilled in the art
that if the natural color of the field sanple has undesirable turbidity or
col or ati owp oa/omerour al col or sanpl e may be used as a zeroipag/uset/ansence
point to further enhance the accuracy of the resulting conc&ntrati on 10

e
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per f or m pgaqgéethédional nmeasurenents as described hereinbelow. As light from
the blue + LED 150c¢ passes through the sanple vial 25 130, a_portion_of the
light is scatteredlanglechiyriidies figponlipwbmegsusergents phovanpmteisplayaddeia  pvD
152b has no color fi Itﬁeelgeﬁ@gd 141 gnal nodul ated at the frequency of blue
light is generated by t scattering. The anplifier 188 (see Figure 3) is
tuned to the bl ue i dghtfofm ageaodiy zerdidgeto acfuiresindres@s gidangvdtdraragsmiskions

transm ssion by anplifying the si from PVD 152a, the anplif.i.er 88 is
thenl3wi t ched to arrplaf‘%(s?t_r qﬁisb%’i‘ggafl% alL"iﬂﬁ“ﬂ%’_@B@é‘hﬁ?}megr’rH%?We%‘ if BEBEHY of
the signal is 30 propayt h\QR&deSsdrP ddRifboandWiBindidf¥ampR ﬁalﬁ@_@%ﬁerf&ﬂﬁd.

instrunent 100 displays a value on the ™ display 112 1ndicative of the
turbidity of the sanpdditi®ally]inspetefor paigntid sPinges ef WidepiaRlestuitgdityosuch as,

turbidity can al so be .neasured. Pr.ef erahl LED 150a is.a nmodul ated source
brovi di ny N R P 18sEoRetiigen. FEhF e tubiR e ® iR iR B Bup
152b is the sensor fayatdNlilReSe&d éfahé Blgangepr oxi mately 45 off-axis. 17 WO

03/ 040702 PCT/ US02/ 30329 Since international Practi ces in nonitoring water
turb?Mity current!y dpdasappleryial j38 with BBomae! the Ratgrgpbe measusde Inspecances,

ond, | ong;veve bl ue'| iRkt T ERHRRSL RS I iy,
t he user and avoi ds similar to the previous step.
4. Insert the sample vial 130 into the instrument 100.
5. Initiate the measurement by depressing an appropriate button on the keypad
25 114 and view the desired result on the display 112.
If addition of a reagent is required to create the scattering of particles within the
sample, additional steps may be required. An additional sample vial 130 should be filled with
a sample and sealed. Even though no reagent is added, the additional sample vial 130 should
be treated, i.e., shaken, substantially exactly as the sample vial 130 with the reagent, and a
30  baseline reading taken to account for any natural turbidity present in the original sample.
Thus, by using such a reference point with a similar shaking history, the effects of settling and

preparation within the sample are mathematically subtracted by the microcontroller 174, in a

manner known to those of ordinary skill in the pertinent art, to yield a true turbidity result.
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potential operator error. In still another enbodi nent, as shown in Figure
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m crocontroller 174, in a manner known to those of ordinary skill in the
per t i nengkilhir thetagt ttxatehejlnatrmncm 100 fdyi fidrgscemeuh¢asureBrieOs PBY O4QIyoR dlfferent

F IC-UI-/O ESS(Z: %gﬁg%gﬂgé 2 e glgﬁr;%ﬁ%ewcﬁvér 8{%%%,5{8“1§?P|&|e Iancﬁ ?Jrglrcﬁtly rr]r%aglﬁ)rerlrzlie lél,ra%d%‘lat
only electrical switching changes controlled by the software of the microprocessor 184 in a
20  manner known to those of ordinary skill in the pertinent art are required.

In another embodiment, multiple blue LEDs on the meridional plane 154¢
increase excitation intensity, and in turn increase the generated signal strength. To further
increase the strength of the fluorescence signal, receiving PVD 152a may be placed closer to
the sample vial 130 to increase the collected fluorescence signal. The fluorescence sensitivity

25  can be increased still further if the receiving PVD 152a is an appropriately molded Winston
cone and avalanche photodiode detector, as would be appreciated by those of ordinary skill in
the pertinent art.

Multivariate Measurements

Multivariate analysis is analyzing two or more different sets of data
30  simultaneously using matrix mathematics in a manner known to those of ordinary skill in the
pertinent art to separate out the results. For example, turbidity and fluorescence measurements
can be collected simultaneously with the instrument 100. Simultaneous transmission and
scattering measurements can be taken with no cross-talk because the LEDs 150 are modulated

at different frequencies. Simultaneous transmission measurements at multiple wavelengths can
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approximately 90 em ssion. In one enbodi ment, excitation occurs along the
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detector, as woul d be appreciat L1 0 inary skill in the
pertinent art. Ml §iyarjate.. rg%&t ' [ LysiS. LS anal yzing
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art to separate out the results,  For exanple, turbidity and fl uorescence

meastt enit YanspaiintRy tEgslueent sendiitdiZ diodashisyy tip.the R M 2Ol FeReIng00.
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cross-ta e LEDs "150 are nodulated at differen reguenci es.
Si nul t ansiodicity))ans misscanrobtenidrie alsntheused within thel iestnaneat 20Qt Psfarahly itBe WO
03/ 0407OEEB§£/5(5J gr('gs/eglg'g gn one side of the conduit 230 and the PVDs 252 on the other side. For
simplicity, only one set of LEDs 250 and PVD 252 are shown in Figure 6a. The instrument
25 200 is halved along a center line passing parallel to the sample chamber axis z'. Preferably, the
two halves of the instrument 200 are secured together by a hinge 240 and a closing latch 242.
The transparent conduit 230 defines the sample chamber therein. In one embodiment, the outer
diameter of the conduit 230 is about 1 inch to allow a configuration of meridional planes 254
as described above. Such an arrangement permits continuous transmission, turbidity and
30 fluorescence measurements of a material flowing through the conduit 230. It is envisioned that
this arrangement is applicable in industrial photochemical and biochemical reactors, municipal
water and sewerage plants, nuclear power plant fuel rod storage facilities, and the like.

In monitoring flowing fluids, it may be advantageous to scale down the optical

sensing instrument 200 to accept sample pipe outer diameters of 0.5 inches or less.
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1 uor cacSRPmL R et by GABLL RN, HURBl Rl Mk e udland oo
is envi Stempedndrlaﬂbwﬂgﬁﬂﬁid@,rtheamqfreabmhmlr@ppbesmblaee varcuumobesltedi imlde

phot ochem cal and bi ochem cal reactors, munjci and sewer age

plants, fRRadhaf largsRentep AUz ubes o thggmal lbrr&al@tef@e.SWP égfomathﬁoﬁtﬁél PSIREE | n
noni tor i gy dhawioDe. § YicSn ahfan erl®&h ﬁvmtﬁgﬁwe&w&a&s@%@%@ﬁ% hesapt i cal

sensing 1 nstrunent 200 to acce sarrp e pipe outer diamet I hches
or | ess. around the outer insulating tube.

Referring now to Figures 7a through 7c, another preferred embodiment makes
25  use of a sample chamber 300 with an integrated circuit 320. The sample chamber 300 has a
cap 332 and a plastic base 310. The base 310 is secured by a press fit, epoxy or other method
known to those of ordinary skill in the pertinent art. As shown in Figure 7b, the base 310
contains an embedded integrated circuit or printed circuit board 320 which carries electronic
devices such as non-volatile, erasable, writable memory. The electronic devices store specific
30 test software instructions, test-specific calibration data, user interface configuration data and
the like as may be desired. The printed circuit board 320 of the sample vial 300 also contains
an identifying number which positively relates the sample vial 300 to prepackaged chemicals,
such as reagents, that may be inside or supplied with the sample vial 300. Upon insertion in

the instrument 100, the instrument 100 recognizes the sample chamber 300 by the identifying
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20 WO 03/040702 PCT/ US02/ 30329 Accordingly, in the scal ed-down enbodi nent,
the LEDs should be 3mminstead of 5 mmwith small view angles of

appr oxi mawel og/02€702 Al t ernat i vel y, sem conductor |asers coulrdTiiesonsedo as the
radi ati on source where appropriate in lieu of the LEDs 250, with PVDs 252
of even swmbéreand rgeqivesche AeaessahEArPWORE IPRTESIdhe apRrbpiate Bsewirements and
Applicat}o [SRIVA i i t i S
el ude. Smiorlcald s dhe uocREtell R Bl Gl et BHEATRABRIE PRIRSE
pi pi ng i withinaht sahple phi 6 o®asdins@atheamdpleodal 30046 €xsihstgundnan0& Hddsitddettei ke.
As may be recogniz by those of ordipnary skjll in the pertjnent art based
on the t&ee ﬁ'@f’én%‘?éﬁg? fiay b@ﬁ%usab@ideaqn%%%ﬁéh? shegicylfest Phgriet ARl 200 may
be scal ed,diRcel tleWRtE 0 meet the requirements of any of nunerous different
applications or uses that are currently or |ater 10 becone known. Only

m nor desi gn changBsfeinng tod'igwsi’t,tbasamgploivial B0 Rubsulisates wothghd instrames of

their neridjona | ane 54 are requiired to C date nopitofi f

et r ochentElarouen ReBRE R Rdsed 08 irdesartt FESPHF ganmeRbIl P boB. ghe |
the 1.4 geikhbPof BEG8ed JArANE Niad 30O Ne@hdlessRifsir6dtiah oFiOMEESH indhé RBed¥NbLL Or i Ng
can also be carried out on |ow refractive index fluids, 15 such as flow ng
i ndust r i egusefrrpniastyiinshecbaseds@ togepmssintosgiertrieahcentpetraithusmringrlpeded cpntagical and
critjcal, fluids, h. as nd CR. In r.to collect substantially
o1 12 R Shpe Qi IR SENETEE e TRt G nicRe St Rsa bR B g ar 2
PVDs andcotticy ring®1¥ nfomeedgichih HaTeceSsI1C 16 o Idtru@ht estadiisitesadéodimon

sem conduct or | asers, because no aggreci able refractive |ight-beam shaping

t akes pl @eerry graundagnd ¢ srndaherntass 3 s mboanoyited ey Bigbase efghe rieeps 1d@@pér at ur e

and | ow elg?[rei%aquc%_rugfewtgtﬁel Md}}goéelséﬂ)irqﬂ ctolﬁﬁmﬁﬁég?éseﬁo taﬁc!lﬂiuﬂ l&éﬁ% cand are

vacuum sea I'nsi de sonewhat | arger outer quartz tubes to thermally

i nsul at esighals baokpind Sorth. oinig dlso eplidiced tbankd bage 3i 0 ahd imsenme000 nhay uch an
arrangement, the PVDs %Pgﬁ) are r.eferabhj.ég esigvned tqyéhﬁ,,close ar qund
t he ot eFlSs RO CRENSCIRGDY SRPRFHYnEPURGIE1RY lePgRAVE FPRRa TRl %Rt her
preferr e&a@ﬁ’é@i@%ﬁ?m B’y"léﬁl‘3$ord%@r&@&o%ﬁec@roﬁﬁ%@te%ﬂ@@‘fan@ﬁ’x@ Meth an _
i ntegrated circui §20. he sanpl e chanber 300 has a" cap 332 and a plastic
base 310. The baselt3vill begppugciaied dyldhosg op pedisary iskill ia pleexgeronend ath drat thet hod
known to _those of ordinar kil.l in the pertinent, art., As,shown in Figure
7o he a8 and HiibdRiots Tivcibed thard SrE Ty eRFR0IRR! dra o8 v PR
circuit baaedoBRquid B néaapplRatiGkse Hdcomdifgly ARy HeeBeddsrigtfont@prefoired i | e,
erasable, witable nenory. The electronic devices store specific 30 test

sof t3hr ecnbedimgais ipiede takegtin ap diysirptives as Ppiosed Brp Waiting sqawer Whiletheace

confi gurat)] d | hr I . G| it

boar d 300 ERrIES Bedlfksclie) iR AR [BHeREredShbahentl ot WIS B\
posi ti velwill readibyt gprédiete ganphréougichhngddnd/or poéifisati@gedn bberade &l the invention

without departing from the spirit or scope of the invention as defined by the appended claims.
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such as reagents, that nmay be inside or supplied with the sanple vial 300.
Upon insertion in the instrunment 100, the instrument 100 recogni zes the
sanpl e chaolwn4®0D by the identifying 21 WO 03/040702 PCPCwRaGA?/33329
nunber, and receives the necessary instructions to performthe appropriate
measur en¥YHATHICLAMVED Bat i cal | y start the selected test. Thus, the user
only needs to, fi e qﬂg I an

i nsert the sanplliede&l%fogg Ja‘ﬂy e dlljaﬁr%%n 1 %%S'%fq@é]gjm\r/bel thg‘&to sanple
chanber affiprigiyg:be reusabl e dependl ng upon the chem cal test or series of
tests 5 conducted therewith. R r |ng to Figure 7¢, the sanple VI al 300
conmuni cat es i3t P%tr?‘ﬁ!s‘tci?‘&fﬁ\éaﬂ (?e % hamber forsecedving hgraiR B aced in

t he rgecegbsgaége fobetrﬁ'@asb graﬁ&ummétggaxgr ef erabl y, the weight of the filled

sanpl e vi al 0, regar ess of it3 rotational orientation in the recess
116, causes a:tdnasaonfsﬁnsnratltaaobaswrcemun‘@d@djareentmmeeshmpterqhambetcwhlteam thei t h

et o RSUOR OB BB RIS ALl AR TS 1515 AT

W thin t hentR6RBch shiPmBdulhdigh;i nstrument establ i shes the common electrical
ground, and a central contact 316, also nounted on the base of the recess
116 and el ecetrlpasapng/fitsbdgseater angulany spacsd opewdksaxs of Ba sawpleehpmnbertreltipower

et 1 ne A€ BR rBh ikl i, widi S 6370 AR tebtli<dur oabbut SRaGNENEACT,

a capaci aftargasap@ihire\gsh they sdnipie pRmBler H&btmstatny@fb tteaﬁbmtsagheremyanmmeﬁtesc
coupling, by any ordinary opto-electronic remte control and the like. It
will be %1WE@F%&%’&P%§lgﬂﬂd§‘é‘cﬁﬁve&fdb%lz§1ﬁ€@51§kPf the ragiatins ofdhe berantmpirging hat

t he corr&lg %Hts and di mensi ons descri bed above are only exenplary and can
be change desired or required by new applications. Accordingly, the
detail ed desca cqitrodier eduppeded ehier #xdt 2diatiorh eclirne aidsthe $irstaeteetor drectivatingrthe
iIIqutratlve s oppased to a limting sense. Wiile the - invention has been

deschl bedPURFG NI REFERRE ¢ OHFF%‘Fé‘IgP%Ida odi nents, those skilled in the art

will readily @H{%bﬁ‘}'céﬁ;ﬂeé t?)athe Y&t dMes f&@%ﬂ%%g@ﬂ@dsﬁfen%@kéaﬁﬁ%& b&ddd oﬁft‘li‘e be
made to the invention wthout departing fromthe spirit or scope of

i nvent i oputpst dgfalsned by the appended clainms. 22 WO 03/ 040702 PCT/ USOZ/ 30329
WHAT IS CLAIMED IS: 1. A device for optically neasuring qualities of a
substance in anbient light conprising: at |east one translucent wall

defining a sappl e ghrikess fited BCEIalth NJhirtheF &iniprisiey a Bowsipsdefing 4 @cds,
nmeasured and defining an axis;
and wherein the at least one translucent wall is formed by a vial defining the sample chamber

therein, and the first radiation source and first detector are mounted adjacent to the recess.

3. A device as recited in Claim 1, wherein the at least one translucent wall is
approximately cylindrical.
25
4. A device as recited in Claim 1, further comprising at least one oscillator coupled

to the at least one first radiation source for modulating the source.

5. A device as recited in Claim 1, further comprising at least one amplifier coupled

30 to the first detector for boosting the output signal and dampening other frequencies.

6. A device as recited in Claim 1, further comprising:
at least one second radiation source mounted adjacent to the sample chamber and

angularly spaced about the axis of the chamber relative to the first radiation source, wherein
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at | east one first radiation source nounted adjacent to the sanpl e chanber,
wherein the first radiation source emts a nodul ated beam of radiation

di sti ngui wioalogo7/bz om t he anbi ent |ight based on sai d nodwicarusom3osas | east
one first detector angularly spaced about the axis of the sanple chanber
rel ati vethergleagt anhsedond sadiptzefi sour@enytsur €eond hadwpied pham fof Fasiatigat ect or
receives e t r S e anpl e
chamber - dndralppleta dR Rk UeRELE! hpthodil bR TIRC AN S 00

out put sbgeabnisaidine@lulatenof the intensity of the radl ation of the beam

i mpinging thereon; a controller coupled to the first radiation source and
the first detector for activating the 15 source and processing the output
signy ; and a;disp a&évfc@‘é?k&:‘i‘te&%é qu;og;r{hg} L&hpdi@he.di Spl ayi ng nmeasur ement
readi ngs based on t out put signals v?ce as recited in Claimi,
further conpr atleasgone MUsd dejeciexf angutaglyapa@dabeut th@ Bxianfithatsemplerchamberat

| east one . translucent wall .is forne vial d ng the sa anber
her ei n TekityerpaE e TG soifcs Sptn e dtnn SElesl ety 4R g

adj acent pidn bI'Rd868 Hdm Be séedi8 HadiRiASsouREiatteHpdsBage] tﬁl‘oﬂFﬂ the%ﬁl‘b% dhahibgr at

| east one translucent wall is approximately cylindrica A devi ce as
reci ted axrrd @bsfianselto bmmahvemed@lm@m andrggnerates a setondmeodydated Mpuirmgmhpl ed to
t he ﬁé (;[ .one tfh rtadl ti on. fourft%ekpam%dﬁl at'tﬂgr t he source. 5. A
devi ce &V?gﬁ eh“%ffsény CIRUPTALY 1 ST RGEE &t one anplifier
coupl ed 30 to the first detector for boosting the output signal and
danpeni ng ot her frequenC| es. 6. A device as recited in Claim1, further
conprising: ab | eadtdesiss a5 sciind in GHia Brthsbeprerrisiegtn erficabloag®ass Tt he

sanple ¢ t tive
fo The fPoReddR fonditl Scokd SRBEGELE Ao R B s REYFUEBST U5 55™ ¢ re
at | east saartereéememmitlafsaﬂltlaaet atdenssongr st mdiatisn sowecanifonodiutapatapbghn of

r adi fﬁti on distinguishable fromthe anbient |ight and the nodul ated beam of
t he rst radiation source based on said nodulation. 5 7. A device as
recited in O gim6a deydeherekRdM ¢ caﬁrﬂg fitthe} @&ﬁé}ns@ﬁgea ﬁmnpofﬂﬁﬁse%%on
angul arly spaced about the axis of the sanp anber relative to the
second r saliregsj ench Sios n@batlmmueqercmlﬁmgsaeumd)l@@we{@hmm tlecpriincegde tdye emtsudil at ed

beam of fad‘tailltt on 1;E)gt@atctégtrgler%glrolgOrfaldlfa t|(%tec§our ce after passage through

t he sarrp
20 10. A device as recited in Claim 1, wherein the at least one first radiation source is a
light emitting diode.

11.  An instrument for measuring characteristics of a substance comprising:

(a) a sample chamber for receiving therein a sample of the substance and defining

25 an axis;

(b) a signal generator including at least one radiation source mounted adjacent to
the sample chamber for emitting a beam of radiation through the sample
chamber, and at least one detector angularly spaced about the axis of the sample
chamber relative to the radiation source, wherein the detector receives the beam

30 of radiation after passage through the sample chamber and substance to be

measured therein, and generates an output signal indicative of the intensity of
the radiation of the beam impinging thereon;
() a memory operatively coupled to the signal generator for storing data including

a plurality of reference measurements based upon a plurality of different
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and substance to be neasured therein, and generates a second nodul at ed

out put signal 10 indicative of the intensity of the radiation of the beam
i mpi ngi ngwohaeon2 8 A device as recited in Caim7, furtrer/usorpisesi ng an
optical long-pass filter positioned in front of the second detector for
separating a fl uorEduenresampiessyhreinfeeh siergnge gmplahastarditfergnt Goneenitatipes of

the at | east one f| . Latien source and for reducing stray light. 15 9.
A devi ce as reci tegfas&nm@gl:t}%ta&? further conprising a plurality of first

radi ati on so(bcesa cedanafilef inr@mmuadcaionontlsthe moen@y) Whéraig the poritrotepise r ay
wherein the principle rays extend through the axis onto a central region
of the first detecPdfaU¥3%10. A device as recited in aim1, wherein the

at |east one firstjadi gLLQRaSRHACEorhShdsighd] GBherfBl bisk@Upsht 26npld LithAD
instrument for nmeasuring characteristics of a substance conprising: (a) a
sanpl e chanber for recetheisagplervbamber Eaviwmm unkobdwn kenenbysticrd@namgudest i ni ng

25 an axis; (b) a signal .generator includin t ] east one radiati.on source
nount ed adj acent tél) t h& 'ERARGA yfﬂ%’@rtﬂ? 8159%13??{116 agogléomafgf?e EIF%E on
through the sanple chaplgdureriifls Rdet@isie DRMcERERGhQF tiRNBHPuAL M thpaced
about the axis of the sanple chanber relative to the radiation source,

wherein the detector ressipeandhe beam 30 of radiation after passage

th h th I e,. . ] in, d
genftes an: out pufi 1L ghaler i ST AREFidaRlie o ERBMARAMAFLC! 1 20 on of

t he beam i npinging thereon; (c) a nenory operatively coupled to the signal

generator for storing data including a plurality of reference_neasurenents
based upon a p#ur aPntgstigimedt a5 iseikd inSAapp! bipgheyrepippeing ey Ashning therein

f - . Lfferent
ref er encg, SaMBle&hampBeil dte&RS lfbé‘k%&?(é?d?% feceR Olﬁfr‘llgﬁrsth@ vdifferen

concentration  of an inpurity; cont r 1n conmuni cation with
the nmenory, wherein the controller is operative to: 5 (i) receive a signal

fro he sign gener.ator based upon a sapple wi.thin the sanple anper
navi F an_ Unkibwn AOHEEREIER, R UR B0 Lhi fiprein 1 el SHAERE B19E) "ebibar o
the si gnﬁboﬁdﬁitaatllo\&@xﬁé fiddRhpleqd fBlv thBRHr SIS, BRGHPIBASYURIBINESInttRe det er m ne
a concentration of the inpurity in the sanple; and

free-flowing substance, and the controller is further operative to monitor the concentration of

the impurity.

20 14.  Aninstrument as recited in Claim 11, further comprising a display for receiving

the output signal and generating a human readable version of the output signal.

15.  Aninstrument as recited in Claim 11, wherein the signal generator is modulated
at a given frequency, and the signal is thereby modulated to distinguish the signal from

25  ambient light and other signals modulated at different frequencies.

16.  An instrument as recited in Claim 11, further comprising at least two signal
generators, each defining a separate channel and meridional plane angularly spaced apart about
the axis relative to each other.

30

17.  Aninstrument as recited in Claim 11, wherein the controller performs the
comparison by selecting first and second data points within the plurality of reference
measurements, the first and second data points are above and below the signal, respectively,

and the controller mathematically interpolates the data points to arrive at the output signal.
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10 (iii) generate an output signal indicative of the concentration. 12. An
instrunment as recited in Claim1ll, further conprising a vial defining
therein wbassamt e chanber and a recess for renpovably re®€rmisaz3aker ei n
the vial. 15 13. An instrunent as recited in Claim1l, wherein the sanple
chanber is defined by a conduit allowing a field sanple to flow

theret hrough, 1§ e MU ik dnity Hnd T4 rednbinfBBn ahl SElekRULGH SidRok and
t he controller urther op e to non econce tratron o

i mpur i t ysanifle, Lﬂlere‘i\ﬂ thd”ﬂdsrrgatmrshm@laa dedimet adaiis) thd dévieelcbmprisittgher conpr i SI ng a

di splay for re ei v e.output si.gnal and gener ting a human readabl e
version of th% tﬁﬂ!’t" ’s‘s Hje a gt mﬁﬁg’ioﬁgltﬁﬁm"m&st g?@ﬂnﬁyﬂg %feéfit oygh
wher & n mﬁnélrugg@ltha@&%% { oheStiAPAM]AbA dourdd n@uﬂrea%azénewl@%x ngl%%’r t he

signal is the nodul ated to distinguish the signal” from 25 ampient |ight
and ot hecmmlqgraﬁssthcﬁdmbﬁtaédttlan tldpﬁgleﬁemampbedeeraesoneliﬁst sensarpegelarent as

e R e e P e T

apart abguput gyl afaieaur@bﬁhb Yifedsty @R eddiftonempinddhglthereb; | NSt runent as
recited in darm1l, wherein the controller perforns the conparison by

sel ect i ng fi r@ﬁecan@l C@@dr@ﬁ@mgaa seeprd merilionalplangdapingrthe pxiyexspndieg er ence
meas n co e
oot © Pelrobaid pota RIS e FEbR P AeRlit SRR BURILLS, |

dat a p0| thi saﬁlpleafbf d:rﬁﬁtlrlfgt a $cRendbiéapuibf gidiiah thrdbghifle @a&ﬁﬁlé%ﬁl?at R@W dﬂ%&EécﬁﬁS 29
18. A device for analyzing radiant transm ssion and scatteri }rgt:; an

el ongat e¥nsaranghiarly wpieedphout e aNivplile samBlgATpIEYedefthnresonthradiaion seuge avi ce
conpri si il f: f r a .t he
i o ot Bsrdiol oS R e RO it RlonR bleaRRon RoGREIAA

radi ati oamdsour ce nount ed adj acent to the sarrpl e for emtting a first beam

of radiation through the sar | east one first. sensor an arly
apackh about PHERIHAOBIE AU EIFHIOL AR PO TRSSIPE Flgfor STSit PO ML ce
for generating a first output signal |nd| cative of the intensity of

radi ati on inpinging thereon; a second channel defining a second neridi onal
pl ane havi ng ihe aArds:vasmaerﬁmtn@lm@atméBewhfrr@mghe atrigiast ﬂ@q ﬁm rﬁglﬁtlhms@@ﬁe at

em t i ngrGeebA-RiA Rt R ARERERIARY T B A RER e ol B Eatig,

second &RASRht &NBtinEdibYe BPasitidn@bthat 46 1r&>£pl§ ra@/ferﬁrhﬁhg&ﬁﬁf@fr@ml’s&bﬁhmﬁaﬁyt 0
the second radiation source for generating a second output signal
i ndi %%t i passesfthroygh theraxissqfithe ﬁmnl@arlda?me e fgﬁst ¥§P¥Hg t her eon;

20. A device as recited in Claim 18, wherein the first and second radiation sources
are selected from the group including green, red, yellow, orange, blue and near-infrared light
emitting diodes.

25
21. A device as recited in Claim 18, wherein the first and second channels are

angularly spaced approximately 45° apart.

22. A device as recited in Claim 18, further comprising a third channel defining a
30 third meridional plane extending through the axis and including thereon at least one third
radiation source mounted adjacent to the sample for emitting a third beam of radiation through
the sample, and at least one third sensor angularly spaced about the axis of the sample relative
to the third radiation source for generating a third output signal indicative of the intensity of

radiation impinging thereon.

26



and 15 electronics for activating each of the channels and processing
signal s generated thereby. 19. A device as recited in Claim18, wherein
the at | eweoto3omgoiirst radi ati on source includes a pl uralpCyusot/3dzght
emtting diodes axially spaced relative to each other, and wherein each
li ght emittingp-di odealevise pyrsicitechindelatp 18 xkerginghg seeprd and third shnnelsrige

her ef b ially 20 I: f I
the 111 SPaSePReGrio iy PRSIl hR 8] ilSal M) GanbilfaR RO EE L, ©

and seco%r(g,@g{a@q}ig@p@qwces are selected fromthe group including green,
red, yell'ow, orange, blue and near-infrared light emtting diodes. 25 21.
A device as recited in Claim18, wherein the first and second channels are

larl d ' | . . devi ' e i
T80 For ther cpr | Brisgrca T ek (RSN S fuffen g PRorG Bed SFbE o €

pl ane exfonHinidididHaPpBhe tXtendixd thraupd thogtivdhdihchidfipeBereat al leas bnofudirthhi r d
radi ati on source nmounted adjacent to the sanple for emtti 2)% a. third beam

of radi ataidistion spwagmountsd adiaegst & the semple fpreemitingyefourhbgars b sahatigigul ar | y
spaced t i r i i radi ation source
for gengt?]g#{fgg gtﬂgsﬁfﬁl?’c? ?ltcj) Ellt %gﬁt %glggdna h Si%lrll%ltr é é@i‘ 13%39 gﬁa@ﬁéﬁl}lu&] ?’ & naglgjt (fl}{dcl)

radi at i oganiplPtelgivego theehaminrad26ioM\Eo 3¢ OetGéarafiga HHRd/ f3R Sign2ldndibatitevifc e
as recited.in Claim 18, wherein the second and third channels are angul arly
spackt aPsiusIs A nIRNnging HeEAB first and third channels are

angul arly spaced approximately 90 apart. 5 24. A device as recited in
Claim 18, further conprising a fourth channel defining a fourth neridional
pl ane ext endi 2y t hAdleyive nheecaed m Glatn il Bovbeteinghe fist ewhfoatthchamselsome f ourt h
radi ati on source nmounted. adj acent, to the sanple for emtting a fourth beam
of radi a‘l“?gbl??rlryt%??%ﬁﬁlgﬂﬁpf%@n ﬁlﬁhﬁg 2PAY- at | east one fourth sensor angul arly
spaced about the axis of the sanple relative to the fourth radiation
source for generating a fourth output signal indicative of 10 the
interfsity of 2@di afidemice apracgéchip Claam 88/ wh@8in the aay lieewsrkintbefitsetheridio@hlai m
18, wherein the first and fourth channels are angularly spaced

appr oxi fy 22.5 apart. 15 26. A device as recited in Caim18, wherein
the axis lies within the first nmeridional plane. 27. A device as recited

in Caim26, wherein the axis lies within the second
27. A device as recited in Claim 26, wherein the axis lies within the second

meridional plane.

20

28.  Aninstrument for testing characteristics of a material comprising:

a translucent cell for receiving a sample of the material; and

a housing defining an aperture for receiving therein the translucent cell, the housing
including:

25 a first light source mounted within the housing adjacent to the aperture for
emitting light at a first modulated frequency through the translucent cell placed in the
aperture,

at least one detector mounted within the housing and spaced angularly relative
to the first light source adjacent to the aperture for converting the modulated light of the

30 first light source into an electrical signal after the modulated light of the first light
source passes through the translucent cell, wherein the electrical signal is modulated at
the first modulated frequency; and

a display for converting an output of the first detector into a human readable

form.
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meri dional plane. 20 28. An instrunent for testing characteristics of a
material conprising: a translucent cell for receiving a sanple of the

mat er i al ;warnd/o@7hpusi ng defining an aperture for receivi n@Crhsozse2e he
transl ucent cell, the housing including: 25 a first |light source nounted
wi thin the housing adjacent to the aperture for emtting light at a first
nodul at ed freguenc In the aperture;
at | east one %%tec%ngm%§UnFt%nﬁf ﬁﬁ%?ﬁﬁﬁﬁ%ﬁgﬁﬁgcﬁh Sg%ced angul arly
relative to 4 k@oﬁd tiglit sough forscmittoe et atzem:omcbmbhﬂaaﬁéret;uem:yfthnougloﬁmert i ng
the nodul ated lig f th 30 firs ht sour n el ect.rical signa
f tert hETHRSGRE P o et o ReEeth ry e e aBesctory bebhobne
transd ucgm a §&bhd bR sr;gnfaha tﬁé E‘e%ﬁdl ERhuchbPaaks the 11QRQH|tl§"et ot ligh HiRBurkd r st
nodul at ed frequency; and di splay for converting an output of the first
det ect or passesghmuphy ﬁu:rtranslaldab cell, thodigplag Zo@rtd 3n @mtIﬁiOQf tRCTL S0P IBO3 RgmaR9.

An |nstru jte ai m, 28, ing: .a second |ight
source fGf %%?&FV% 4%@&?tﬁPg%@?EQBH@uk§@JQ§FSH“? agﬁgvﬁthrough t he
translucent cell, wherein the at |east one detector converts the light of
t he second light source 5 into a second electrical si at the second
frequency aft&d thAnlinsjmmentasheitesdnhaim 2 kemposing eh §%@si sepngilight t he
trang| ucgnt rt he detector into a
human’ r&ad é%%ndFo&%ﬁo&%g§9ﬁéﬂ§§?¥%daf gg%%%§%%aﬁk%%ted frequencies are
different. 30. An instrunent as recited in Caim29, conprising the first
and second Ilg 10 sources and correspondi ng detectors fixed al %

di fferent chahhel sAnanstrument assresitpdan Claig 3% cyheran the feptdight E@YC‘Wﬁé‘rltﬁ h the
first Ii r is alight emtting diode. 15 32. An instrunent as
recited %ﬂh%§§&08§8 further conprising a controller for automatically
comparing the first electrical signal which is indicative of a degree of

tran ttance.to a database of stor.e in order. .to deter
onc tration %f aft" YRe ‘nggdngﬂ gU%ﬁ ﬁwpﬂﬂmnéﬁcggnﬂ%%? Tnst r ument
as recit ﬁﬁomamgn%a}n%gmnmerfﬁstrélefct}eat glgﬂaﬂ W& lﬁfﬁ&e{u\»e @@hu@g&e arcap
renovably attachable for sealing the sanple with he cel
transmittance to a database of stored values in order to determme a concentra’uon of an

impurity based on such comparing.

20 33.  Aninstrument as recited in Claim 28, wherein the translucent cell includes a cap

removably attachable for sealing the sample within the cell.

34. An instrument as recited in Claim 28, wherein the translucent cell is a conduit

for receiving the material therethrough.

25
35.  Aninstrument as recited in Claim 28, further comprising a beam-splitter
positioned in front of the light source for directing a portion of the light to a reference detector
and for indicating an output power of the light source to thereby monitor performance of the
light source.
30

36.  Aninstrument as recited in Claim 28, further comprising an amplifier

operatively associated with the detector for boosting the electrical signal.

28



34. An instrunent as recited in Caim28, wherein the translucent cell is a
conduit for receiving the material therethrough. 25 35. An instrunent as
recited iwo@akm28, further conprising a beamsplitter pPOIUSODBBA i N
front of the light source for directing a portion of the light to a -

ref erence det &bt or Anagsirumsnt gsagitesdtin fdaiane ‘t‘lﬂtﬁ%@ﬁmﬂ%ﬁnf’%l 3Pght sour ce
to there I I nt
as 1 oot t BPRb SNoRGhd RHE IR b oot ghd ud el o™
associ at gt wiotlhlateidreda¢regt or for boosting the electrical signal. 28 WO

03/ 040702 PCT/US02/30329 37. An instrunent as recited in Caim28, further
conprising an oscillator operatively associated with the light source for
modulating theg | i gRE i Qrubdfi z!ls' rgmed%mrlaaﬁl@g fifier chinbatingRAHoakSnlARQUENCY .
5 38. An instrunment as recited in (aim28, further conprising a reagent
cont ai nedithini thdriransiuvent geflrfet moeng witblthe oteried atidregeaping Ipatticles windy §caiterathel
creating,. Qgrticles whi ch scatter the light. 39. An instrunent as recited
in dai . further conprising a reagent contained 10 within the
translucent cell for mxing with the material and creating fluorescence.
40. An instrunent as recited in Claim28, further conprising a reagent
contai ned wi3%hin Anen%mlmgt weﬁteddélqlalfrb?f; rﬁl&hemgomptlﬁng A écagatteaontainednd
creatq ng abso |on ban ivity of the
mat efrd al W%{i’élqﬁi{r “‘%e‘r‘nts rurre fxné% r}eléhef g@na ?ésanggtﬂu? He%%%g? conprising a
controller operatively coupled to the |light source and detector, and
wherein the translucent cell includes. an electrical circuit nDunted
thereon and offer at AparsFuEsEhes ragited 1iGIHm 2 fagher compEsing a reneent q@atained

| NSt ruct {008 hofrats ‘flﬁ:tehﬂgzllafo Eﬁﬁ% @)étgltﬂ?@m%t%rlalg‘ﬂxd' c'i‘éatu'hg%ﬁ%hlgag ﬁgﬁbﬁ%&?@t o

cl ai m 28, ereint etrans I nc a ca

for seal wh'ghtds@essmphmnmﬂhtwﬂthemeﬂrﬂal. 43. A device for optically

neasgl ng qualities of a substance in anmbient |ight 25 conprising: first
defining a sanple chanber for receiving therein the substance to be

41.  Aninstrument as recited in Claim 28, further comprising a controller
operatively coupled to the light source and detector, and wherein the translucent cell includes
an electrical circuit mounted thereon and operatively associated with the controller to provide
instructions for testing a material.

20
42.  Aninstrument as recited in claim 28, wherein the translucent cell includes a cap

attachable thereto for sealing the sample within the cell.

43. A device for optically measuring qualities of a substance in ambient light
25  comprising:
first means defining a sample chamber for receiving therein the substance to be
measured and defining an axis;
second means mounted adjacent to the sample chamber for emitting a modulated beam
of radiation distinguishable from the ambient light based on said modulation;
30 third means angularly spaced about the axis of the sample chamber relative to the
second means for receiving the modulated beam of radiation after passage through the sample
chamber and substance to be measured therein, and for generating a modulated output signal

indicative of the intensity of the radiation of the beam impinging thereon;

29



measured and defining an axis; second neans nounted adjacent to the sanple
chanber for emtting a nodul ated beam of radiation distinguishable from
t he ambi ewD oBiogliT2 based on sai d nodul ati on; 30 third nmean®cargpot/an3ky spaced

about the axis of the sanple chanber relative to the, second means-for
recei vi ng t hefosshumeanseouptagito she sesandandyihird meaps frs stiypding fhsisgend meansanpl e

chanber %@%g&gﬂ&%*&t?ﬁ&gpgﬁyred therein, and for generating a

nodul at e i gna Iéative of the intensity of the radiation of
t he beam i npi fifih Aggahdhfor displayR@ M@sOBHRAOROANRHIsLBOR HBOB @St sfgmalst h nmeans
coupled to the second and third neans for activating the second neans and
processing the output signal; and fifth neans for displaying neasurenent

readings basegy on hRen@ahRHE asSle SRl i -ClRnfH43, vardif BesUEBHA méshs i £ td@fioh N
Cd ai m 43, wherein the second neans is a radiation source. 45. An

i nstrunestturegs recited in Caim44, wherein the radiation source is a |ight
emtting diode and an oscillator connected thereto. 10 46. An instrunent as
recited in Claim43, wherein the third nmeans is a sensor. 47. An

instrunent as43.eci AfGhsdtiinfehBdsRedited iMTRAIR M, tWiRrdiR tHetrhdigBeSourée i8 a light
m croprocessor and nenory operatively connected to the second and third

means. 18miigng dodeanban ¢seilappicoardcted therd®ur i ng qual ities of a substance in
anbi it light conprising the steps of: providing a sanple chanber defining
an axis for receiving therein the substance to be mneasured; providing at

| east two radi@ti oAnSeetiuaRSt d8editedidindhiac4d)twHeeeih bie thrdpleancidanprsor. 20
emtting nodul ated beans of radiation fromthe radi ati on sources, each
source being nodulated at a different frequency and, therefore,

di stingui shabjg fr Rmiﬁé?;%nﬁﬁpéseﬂa&tédi ig*t‘laiﬁ{“gzé vaRFdn BBl ARG R said

nodul ati on; providing at |east one first tector angularly spaced about

t he axi smidroprioeess@amnld enenadrp wperativaly abnneetetl o thesse€ondsandrtbidd atean sour ce; 25
recei ving the nodul ated beam of radiation by the first detector after
passage through the sanple chanber and substance to be neasured therein;

generqating a gpdul AtgaheHop 'e;Bﬁéaiug_r}ﬁéqshﬁﬂg G@ii¥€oOf subB@néd inGimiiént light t he
radi ati on of the nodul ated beami npinging on the first detector;
comprising the steps of:
providing a sample chamber defining an axis for receiving therein the substance to be
measured;
providing at least two radiation sources mounted adjacent to the sample chamber;

20 emitting modulated beams of radiation from the radiation sources, each source being
modulated at a different frequency and, therefore, distinguishable from the ambient light and
each other based on said modulation;

providing at least one first detector angularly spaced about the axis of the sample
chamber relative to the first radiation source;

25 receiving the modulated beam of radiation by the first detector after passage through
the sample chamber and substance to be measured therein;

generating a modulated output signal indicative of the intensity of the radiation of the
modulated beam impinging on the first detector;
activating by a controller the first radiation source and the first detector;
30 processing the modulated output signal; and

providing a display for providing measurement readings based on the modulated output

signal.

30



activating by a controller the first radiation source and the first
detector; 30 processing the nodul ated out put signal; and providing a

di spl ay fwo opioeoznzii ng measur enent readi ngs based on the mpdahsbpsosout put
signal . 30 WD 03/040702 PCT/US02/30329 49. A nethod according to Gt ai m 48,
wherei n any afyl e Afmebedacgewing fodriatn ¢8| whereinkay angle sffaete sismtanaticaldy i ng a
data poin e i I j . r. . | e. A et hod
accor di rgeeE ey SeedRidy e kbl Mk B Lo RERB S v A a1
signal at the frequency of anbient light. 51. An instrument for determ ning

a concentration of an jnpurity wthin sanple, conpprjsing:_.(a) a.housing
defining a redlss f"d?etb‘g}b)%‘icfﬁd?{fgg t@ﬁga@a% fart ‘?Lr(Yo(Tﬁ’fls‘e’i‘géB%?tﬁfgo REINEALY
connegct eg%ﬁaqa{ he fﬁﬂHé{c?g)Ffa&'Bie‘ﬁmiéﬁti ng optical energy through the sanple;

(c) a detéctor operatively associated with the housing for receiving the
optical energy and converting the optical energy into a data point for the

The at | cast Bhe A8 BBy RHFFRUPRt 3 GinCeTGAOR ! 4 TabABHatIgh o Srple

calibratg r[ﬁ@ggli ngs for a plurality of concentrations of the inpurity;
and (e) at 1east one processor in communication with the at |east one
menory, where(@ t#&bousing definingaecess derarseving shesantplgjur ed for determini ng

t he ncentration of the inpurjty base n.conpari he.. int for
the fonore tatthe fipboSak e bnARIgs o HPRGFRIRRLLAMRL OFUARHRABY L f %l
recited thioughahédpdplewherein the source is a light emtting diode. 53. An
instrunent as recited in daimb51, wherein the detector is a photovoltaic

25 detector. 6. AndetpaierQneraitvelyaspesiatedwith shadneyispedfer repeivingdhe episgl i si ng:
at | east i : itk j ively connected to the
sour ce; el% oﬁmgfdoégﬁlﬂé\nlﬁt@h%pﬁlc%]ﬁﬁelpﬁgggéléﬁig&?%sa gtrﬁa\g?{negstdlt]%g’ at | east one
oscillator; 3@)a vatdeast omic memeryipeeativhly sssogited withehe/haisingethent fegstane

o G SR S L G5 PR EL RBRSS, B b pous 1 for
concentrations of the impurity; and
(e) at least one processor in communication with the at least one memory, wherein
the at least one processor is configured for determining the concentration of the impurity based
upon comparing the data point for the sample to the database of calibration readings.
20
52.  Aninstrument as recited in Claim 51, wherein the source is a light emitting

diode.

53.  Aninstrument as recited in Claim 51, wherein the detector is a photovoltaic

25  detector.

54.  Aninstrument as recited in Claim 51, further comprising:
at least one oscillator within the housing and operatively connected to the source;
a power cell within the housing for driving the at least one oscillator;
30 a vial for receiving the sample, the vial defining a centerline axis;
a second source operatively connected to the housing for emitting optical energy

through the sample; and

31



31 WD 03/040702 PCT/ US02/ 30329 a second detector operatively associ ated
with the housing for receiving optical energy, wherein the |ight sources
and det ecworms/oko7e2 on fi xed axes and neridional planes pas®orgbs@agh an
axis of the sample. 5 55. An instrument _as recited in Caimb54, further
conpri sing a bsesenddeiagtetionsrptivigly asgpcated Wfétb%tb@lsh&/fphgcawmgi aptiedl esprEyui t
board, wh r to
the. pr ocasas RGO E e er OORTE R RI g Ol pRPUDSRE B
subst ancsn &a9pf theismgplel0 (a) first means for defining a sanple chanber for
receiving therein a sanple of the substance and defining an axis; (b)
second neans nounted adjacent to the sanple chanber for emtting a beam of
radi afion thr Igh Ahqnéﬁmhﬁasq@a@a% Clith 9@%&@&%9& ﬂEﬁngthBéEméhﬂQ@Bn the

i ndi cative ‘the intensity of the beam of radi at 8 ter passage through
t he sanpviet, thleﬂ)a(sc hatihg a grintedescwpboad,i wl@'ilrymcthmmmdd tiocuitwasklasmemeryxder f or
storing data.incl udi lurality of reference neasurenents based upon a
plural i t?/ro?ﬂ%‘ ‘%Tt tﬁ?pmrcégg? ence sanpl es, wherein each reference sanple
has a different concentration of an inpurity; and (d) fourth means in
comuni cation wth the second and third nmeans, for: 20 (i) receiving a
signal fromt¥e seéanﬁstmnsfommwrumha@cmﬁmse)ﬁmsuh?rtmcetcn@lprlismgt means

havi an unk wn centr nal
(L8, 2n S RSP LA BL  ABub TRHE bl b TR Y
concentration of tmstaﬁwuﬂdtdeﬁhmgtdne;x&arrpl e and (1i1) generating an out put
signal indicative of the concentration. . An instrunment as recited in

d ai m 56, whefdi n ta5end meais mead Ma%rlmoahe sana@e chginbes e amiEite aleapeef ¢ ed
in Caimb56, wherejpky tﬁ%@{‘tﬂ l%h§m@xjdng i o %ﬁ Q1 A
phot ovol tai ¢ det ector.. 56 g nin trcurren% as@reré%rl teg(tj S?% Eg‘ \%E‘é? ein
the third neans i sof thndioensétg of e beamnafirydiatieh af&a@asmgqxthrmrghrﬂye sadpl1d0
03/ 040702 PCT/ US02/.30329 60. An.i nstruc{'re ﬁ as recited.in Caim56, wherein
the Fourth neths j &g means operatively coupled to the second means for storing data including

a plurality of reference measurements based upon a plurality of different

reference samples, wherein each reference sample has a different concentration

of an impurity; and

(d) fourth means in communication with the second and third means, for:
20 (1) receiving a signal from the second means based upon a sample within
the first means having an unknown concentration of an impurity;
(1)  comparing the signal to at least a portion of the reference measurements

to determine a concentration of the impurity in the sample; and

(iii)  generating an output signal indicative of the concentration.

25
57. An instrument as recited in Claim 56, wherein the first means is a vial.
58.  Aninstrument as recited in Claim 56, wherein the second means is a light
emitting diode and a photovoltaic detector.

30

59. An instrument as recited in Claim 56, wherein the third means is random access

memory and read only memory.
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m croprocessor and a software programstored on the third neans. 61. An
instrunment for analyzing color and scattering of a sanple, wherein the 5
sanpl e devorem4@n2 axi s, the instrunent conprising: first meansot/sm2defi ni ng
a first neridional plane and including thereon second means for emtting a
beam of radi atd-on Apdrptamsat gregitedrd flaimeso, whseeis Bedparthesais 1hdunt ed

adj acent to r 1 b L i iation through the
sanpl e, and t;%g?%ﬁﬁégé%]ogr gra Sggﬁg%erﬁggg%ﬁlgsu?lgg?;H/]ﬂ%:)tgggg‘legﬁ%ut the axis of the
sanple relative to the second neans, the third neans 10 generating a first
out put signal jindicative of fhe intensity of radiation inpingin her eon;
fourth means $lbr déf‘i“?ﬁtr%‘e&t é’éé‘%ﬂz‘%wlaﬁ Yicatigrgofamgmp el‘“’g‘aﬁeﬁbt her eon

fifth meansie iQinesdh bkik Nde thsBeathiontdi@t i on nodul ated at a second
freqtr}enc%?ﬁ)t%e fniesth rrle’ang r?ount edo e@j a{%ent to the sanple for emtting

sai d beam of fimtlinagnsdor définongyh fitsh mesidimphlplasnahdshslutingwizaneon seoendsmparisrigr
angul arly spaced about .the axi,s of the sanple,relative to the fifth ans
For 160" oSmimis hiSbiedio BRCHRal ganonha, eacrod Seapt morned Abe TS
radi at i ofe si¥RpIRIHNEN MY K BeanPOadiaMSNiHRoERARS sdrdfle amtlithied mBghstfBesdnsingt
and fourth nmeans and processing said output signals generated thereby. 20

62. An iangulariyspacedabpeiche axis phthelsamplegelativihiorthe peconé meanse Hherihiig arpgns
e 7 ke S5 AR BT ) T LGRYToR M i SRRCAE 1
fourth means for defining a second meridional plane and including thereon fifth means
for emitting a beam of radiation modulated at a second frequency, the fifth means mounted
adjacent to the sample for emitting said beam of radiation through the sample, and sixth means
for sensing angularly spaced about the axis of the sample relative to the fifth means for
15  generating a second output signal indicative of the intensity of radiation impinging thereon;
and

seventh means for activating the first and fourth means and processing said output

signals generated thereby.
20 62. An instrument as recited in Claim 61, wherein the seventh means activates the

second and fifth means simultaneously and corresponding signals generated thereby are

distinguishable.
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