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: The present invention generalty relates
.qdptlcal density neasuring apparatus for secu g honngenerty
i'nfrared nmeasuring: l'ight which has a pair of ceIIs bei ng a reference

. cel[ and a sanple‘cell in an infrared optical * system t hereof and

- “Wwhich finds an. optlcal density of a 10 - sanple on a basis of aratio

“ petween a pair of jintensities of the infrared neasuring lights

- passing throqghumhempqmm qNVENTIoNceIIs and: particularly relates to the

- optical density nmeasuring apparatus ther ef or h a doubl e- beam
opti cal systenrmhlchTI@nﬁfpmm@ITﬁqmyunn@m@ﬂ mpgg | ight emtted

- 15 froma |ight source’into a parallel infrared asuring |ight

oy a colllnaqggcggﬁy@ND @@lqﬁg ghoeRaTall el nmeasuring |ight into two

;:‘spllt parall el pencrls of light, and nmakes the
K OF THE  INVENTION

-
v

5 ' ii The' present invention 5generally relates to an
-optlcal den31ty measuring apparatus for securlng homogenelty
of 1nfrared measurlng light whlch has a pair of cells being

a ref’rence cell and a sample cell in an infrared optical

pEreqf and which finds fan optical density of a
%10 ',Samp ﬁra'basis.of_a ratio betiéen a pair of intensities
- | iﬁfrared measuring lights ﬁéésing.through the pair of
1and particularly relates to the optical density

nq_ apparatus therefor w;tp- a double-beam optical

cemn Wﬁich.transforms the infrafea-measuring liqht emitted

;15-7ttfrom ‘a llght source into a parallel infrared measuring light
,511mator lens, splits the: parallel measuring llght

'-".."1nto ‘two' spllt parallel pencils . of light, and makes the

enc1l of light and the se ond pencil of light pass

_through-the reference cell and the mple cell, respectively.
. '_DESCRIPTION OF THE RELATED ARTS
A varlety of types of- optical density measuring

',;@pparaﬁuses have conventlonally beeﬁf rqﬁided. The types of

nqéptieai5; density measuring =apgaratg$es are generally

JELassi”ied_by,their opticar‘paﬁﬁ'“ fbencils of measuring

otwo types: a type with 'a single-beam optical




first pencil of light and the second pencil of |ight pass throUgh
the reference cell and the sanple cell, respectively. 20 DESCRI PTI ON OF

THE RELATED ARTS : A variety of types of optical density
measuri ng appar at uses have conventionalf'y been provided. The types
of optical density neasuring apgarapuses are general ly
classified by their optical paths, or pencils::ipf neasuring 25 l'i ght,
into two types: a type W|tha5|ngle beam opt caI

2 systemand a type with a double-b optlcal system The

former type, ARy, addeat lt&%e""'vhl’th”@ abiigi

whi ch has been conventi onal popul ari zed fo
construction ¢ dhr’{g}]'cgﬁﬁeceﬁ ophti eoed | d‘q_eé]..(ﬂ fobt 8441
travelling froma sou%%% g gné e 0 -ﬁi ‘recel'ver. ﬁ)?# %FE

construction, 3}stl?eérF6|thd.'c§1 il %@en coanHtEBﬁQiiigtgc?Fﬁi’aié‘i% E#;xg fg\ﬁ{g{g as

a reference I|qU| quantity o
ﬁeasur|ng l'qmﬁe, has a construction in wh N

ong has a

a cell is p051tidned in

5 one pencil of 1light travelling;figm a light source to an

optical receiver. With the conSt@p@tion, the cell is filled
up preparatorily with pure water;ﬁg'a reference liquid, and

the quantity of transmitted llgh of the measuring light

that passes through the pure watg“-is detected beforehand by

10 the optical receiver. Then, afté

inside the cell with a sample, thé: quantity of transmitted
light of the méésuring light that passes through the sample

is detected, and the density of: the :sample is found or

calculated from the ratio betweenf e qﬁantities of both of
15 the transmitted measuring lights.
This type of optical'dﬁ. ity measuring apparatus

with the single-beam optical system, which employs the

single optical path or pencil o ght, has an advantage

- that an optical identicalness is maiﬁﬁained or assured at

20 time of measuring the reference 211 and at time of the

sample cell, except for the dens itée sample inside the
cell.

However, a blank calibration' (zero-calibration) of

the optical dénsity'measuring'ab aréﬁué_belonging to this

25  type has to be pefiﬁdically_exec ed in.order to guarantee



t hat passes through the pure water is detected beforehand by 10 t he

optical receiver. Then, after replacing the pure water I nside the
cell with a sanple, the quantity of transmitted . |l i ght of the
measuring |ight that passes-through the sanple .- is detected, and the
density of the sanple "is:found or galculated fromthe ratio between
the quantities of both o 5 the transmtted neasuring |ights.

This type of optical den measuring apparatus - . with the

si ngl e-beam optical sy ~which enploys=the - single optical

path or pencitheof gbhghta1lassabnadysnt 898 a long !HéimAMPtd Gler has to
I denti cal ness I s malntai; ~assured at 20+ ti.ne of nmeasuring the
ref erence Cekhk%ngl%koﬁb

1 agRhELE :.;ﬁﬁﬁgpt the dgpsi t
of the sanple inside the Egg?,?ce the . ﬁl&ed’ith \/v_eve"-‘?{,ﬁ%'rar bl ank Y
calibration (£958raeibhlal! 6y 4 resure!nepidl! g8aagdens !y IBASMLERd ot
appar atus belonging to t 5. I call I n

| type has to:be perio execut e
;order to gua&%ﬁh@%ion in_ measurement efficiengg:gi;méasuring thé3optical
5 density of ¢

ple.
n additional deﬁide 6r structure for the
he sample wifﬁ thé pure water is

- this leads to'::.'an'other problem of high

10
‘the sa@plegrémaiﬁs inside the cell,when replacing the sample
with 'the:-? ter at time .éf executing the blank
calibrgtion, eliability of the blank calibration
accuraéy is 4 .

15 | there has beeg:Suggested_an apparatus

- the single—beéé"optical system which
C ',_;'_._led a cylir;deri_é_aﬁl type variablteength
fent,Publication No. 4-

cell (refef_{ nese Laid-Open '

1556). ThiSu yli :érical type variable-length cell changes

i1low the thickness of a

20 the position i ston therein to

Which a'samp;e”i ﬁt, to be changed into .

a reference ﬁgth. and._é_ s, e cell length. This

apparatus has lvantage - that ecessitates no pure

water for .t 1k calibfafidﬁ however, it is very

25 -difficu;tutéfma;ntalq;the pistbnfat predetermined position



the identical ness thereof for a long term and a user has to take a

trouble to replace the sanple with pure water for the calibration. As
a result, this |eads to a problem of reduction in neasuremnment
eff|C|ency of measuring the optical 5 density of the sanple.

Al so, an additional device or structure fagr the repl acenent of the
sanple with the pure water is I ndirspensable, and this leads to
anot her problem of high .- cost of the apparatus. 10 ,
Furthernore, in case that e€ven a little annunf _of t he sanpl e remains
i nsi de the cghtnWhelyr e@c@ﬁx‘éﬂ:ﬁ heoganpl E1ong er%&h t hghertift-gat @he at
time of executing " the “blank cal i bration, the rellablllty of

the blank ﬁﬁbh?é%ﬁéoﬂas not yét BHAE itS ﬂn%abeeetlca& use, o
Meanwhi | e, ere has been suggested an “appar at'us the type with

‘h i ngle-b t h :
eyl inder feal, type var| b SPLotARE WahAY the aoBdPaONS ?ﬁ?ﬁ%s‘ég’ﬁéfgﬁ.&en

P Publ s
TN A NES S R

; erei .
al l'ow t ge thaﬁégsaéneioeef robT¥hisNU5F  $RACCeydd s &éa@%‘aresbe%
e changed in _ =

3thereby obviating. the need to carry out the

optical syst'emj'

blenk calibraﬁion;employlng the pure'water.

The ype with the double-beam optical system

includes a typ f apparatus in Wﬁich a measurement light
-10 emitted from."-.é. ight 'source is directly split into two
optical_paths'of‘penc1ls of llght from the beglnnlng, in
which a referée :cell and a sample cell are positioned in
the first penc; ﬁ.llght and the;second pencil of 1light,
respectively, i ich identical sé@bles are put in both of
15 "the cells, aﬁd? 'wﬁich the lights £hat_have passed through
fhe cells'arei ived by an optiéei detector or optical

receiver (refet to Japanese Laid—OpehfPatent Publication No.

3-223654) . advantage that it

necessitates no - water for blank calibration, and an .

20 Stationary (or fixed)
the

measuring lightfﬁpqﬁﬂtﬁe light spurce into the two partial
lights (i.e. tw“3§eneils of light)even though the light

25 source is 'ideQ icai Thereﬁori ithe homogeneity or



a reference cell length and a sanple cell |ength. Thi s appar at us

has an advantage that it necessitates no pure water for the blank
calibration; however, it is very 25 diffrcult to maintain the piston
at a. pr edet er m ned posrtron ' 4
with high accuracy for a long period. 5 Therefore t he appar at us
has not yet been put into practical use. On the other hand,
the apparatus of the type with t he double beanroptrcal systemis

intended for solving the 5 aforenentioned.problems of the type with the

si ngl e-beam jdentOPiikéds SYBLERR £IA6T QbYeAENA BbbPICA I epaERS, t@rC@éﬁ&ﬂeet
t he bl ank cal i bration enpl oying the pure-water.

type with the ﬁ@gi%e bggm n%FEt'Q_]%lara%)(:%teQm at  all.NCl udggefefyRE, Of _
apparatus in which neasur enent | i"ght emtted froma Irg t source S

Tl ol Sty comve SRR nkeP BubpatheP S e 49 080 b
P03|t|oned 'nllght source is aged, or every-time the llght source itself
5 is changed. As is well known, the preparation and makiné of
the calibration. curve is a trou#lesome work requiring many
hours and much burden. |
Thefefore, assuring 'f‘the homogeneity, or
identicalness, of the optical pathe( or pencils of light, to
10 be used for the measurement of befh of the reference cell
and the sample cell is absolﬁﬁely necessary for the
improvement of the accuracy of ﬁhe'measurement thereof.
As another conventional apparatus of the type with
the double-beam optical system,;fﬁhich seems to somewhat
15 solve the aforementioned problem,léﬁere can be enumerated an

apparatus disclosed in Japanese_L&ié?Open Patent Publication

No. 5-332933.' The essential p'; of this apparatus is

' 'schematically shown in Figs. 1 an

Thie apparatus has an optical system including an

20 infrared light source “0”7, .a shuﬁ “"8” for taking part of
| light out from the light source f a mask “M” having two
apertures “M1” and “M2”, a-collim-_b glens “L2”, a:reference
cell “Cl”, a eample cell “c2”, ani terference filter (not
shown), a focueing.lens (not show: nd an optical receiver

25 or optical detector (not shown). his optical system, an



the first penci | of i ght and the second pencil of I|ight,
respectively, in which identical sanples are put in both of 15 t he

cells, and in which the lights that have passed through the cells are
recelved by an optical detector or optical - receiver (refer to
Japanese Lai d-Open Patent: Publication No. ¢ . 3-223654). Thi s

apparatus has an advantage that it necessitates no pure water for

bl ank calibration, and an 20 advant age that both of the cells are
stationary (or flxed) ~ and are provided -wi th no novabl e portion.

However — then Qgpééa&%%S;IQh&qudhq5%%lééé{l t?e Trgnt | Bﬁrtbghb”from

the light sourcein two “par jht s WO penc

the %oﬁXSQnég‘éggHlmedﬁ“tm%%gh PUEES 1ok Pééfdﬁ‘étsé%“ﬁe“?“‘eé. v&#5ed

;$E2Lg?grgathghugEeBEQ§ZI?BFaF?%nagé?%nggétt%e;pﬁﬂﬂéréd andQ#%%ﬂngsks ai:ne

t he

g

is located 1n an upper position.

5 In the flgures, the 1nf ared measurlng light that
has passed through the opening W ”.further passes through

‘the first apgrture “M1” of the;_ésk “M”, the travelling

pencil of thfu nfrared measurlng llght is transformed 1nto a

parallel penc1l of llght by the colllmator lens “L2,” and

10 then the pq;gllel pencil of _lﬁght passes through the
_reference'celi;C1.
.On:if the

shutter “s” f the

infrared neaé_?ing light emitted-f;pm_the light source “0”

15 passes through'the second aperture‘éﬁg” of the mask “M”, the .

travelling: pencil of the 1nfrar d measurlng light is

transformedu'i“to a parallel penc1l of 1light by the

collimator_leﬁ: “L2,” and then thef rallel pencil of light

passes throug he sample cell “C a detailed description

the ‘transmitted medsuring

20 about subsequ ét processing of
light is omit'wa ‘below) .

optlcal system ?

Figs. 1 and Zg the two Spllt p:_allel. pencils of 1light,

which are der H’d_from one pehClla".;lght emitted forward

.25 . from théiligh ~source “O,” are-ué s a light that passes



Ii ght source is aged, or every tinme the |light source itself 5 S

changed. As is well known, the preparation and maki ng of ‘t he
calibration curve is a troublesone wor k reqU|r|ng many _ hours and
much bur den. w2 Therefore, assuring  the honogenei ty,

or i denti cal ness, - of.the optical payhs, or pencils of light, to 10
be used for the neasurenent;;of both of the reference cell - and the
sanple cell is absolut; necessary for. the I mprovenent of the
accuracy of the neasurenent .t hereof. ~ As anot her

conventi onal tHIRAA UBh&OT: e rfe)‘lE% V\E:éﬂl “c1"' érﬂf adoul) rﬁ:bﬁﬁm:ogﬁdé‘s@s
system which seens mewhat - solve the aforenentioned problem
t here can beﬂ%ygﬂ?ma p u .S AL Qﬁ&g | dOpen
Patent Publicatio et le SceBlngQ%?I Sr%- L est-'(sléﬁil al bégrt 1{1’% %tqo

apparatus i§ E%EEEFEQ&'ygé?Qﬁﬂ}'”CS% 3ne358”d 3H1refor 1 he

Thi's apparatusahas & opt Syst includrn Frare

source "0, %p%{&%eh%&tézg -’ig&ﬁ%i@g%ﬂééé °$f~:-both % @Y&,.%{Eltf [P%[Ea,t\;g.?el

iight source Yures

i orferbnce HHTEP Phoiahe" £8°Gragymed &?L’%%séa R W d s Fana an
Y cale det&&é&iréxﬁ‘e‘i{t %ﬁ%@)ultééhlt 5 QG

optical receiver 25 H%ﬁ
even this apparatus cannot reallze a sufficient

system an
is desired,

homogeneity “i ;'dnetlcalness of the two spllt parallel

pencils of iigh . employed thereln;y;The.reason for-thls will
10 be described below with reference ﬁé:Figs. 1 and 2.
| It : be generally :Eénsidered that, 1if an
identical liq_ ource is used, idéépicai fluctuations afise
simultanepus the two paralléi;-pencils of 1light with
respect_to“af _ptuation in lightié@issioQ intensity of the
15 1light sourée; owever, strictly sééaking, the light source

has a 1speciﬁ' area with respeqf to the entrance pupil

Therefore, the improvement

diameter of t ptical system.

of the?acCﬁréf f measurement'canq t be realized unless the
optical systf

20 the fact that optical informati n of the intensity, and

so on, of th ght emitted from each

luminous poin nstituting the,s?

each lumirnous

z:hé ht source “0” Sh;:n in Figs. 1 and 2

25  includes. a fi as an illuminant. In



6 infrared neasuring light emtted fromthe Iight source "0"

pass limtedly through a region of an opening "S1" of the shutter
"S" located ahead. In the figures, the opening "S1" is located in
an upper position. 5 - In the frgUres the infrared nmeasuring
l.i ght that has passed through the ogenlng "S1" further passes

t hr ough the first aperture "ML" of t he ‘mask "M', the travelling:
pencil of the infrared nmeasuring light is transformed Jnto a

par al | el pencil of Iight by the colli mator Iens "L2," and 10 then the

parailel | pengid. I thbOREntBES3ES i Aaher 8o haviifd % CBEEcEeLLd

On the other fwhén~t e Gpeni'ng

to a | ower on no h t f U0y
enmtted from ]lﬁéa{’l i gaﬁlt(d S%Brac%t Jlkg ceB&ss’eSB%hrﬁﬂ% %ﬁ‘e sefgon% ap Ture
nggsufrn;helr%§§%t4%éstﬁgi” and “M&ravg B%tg??BEatgd optléafrax1s

ﬁfrared measuring light

“P.” In this construction, an

5 emitted from the point of the.ci_ﬁer “02” of the filament

“01” is limited by the mask ape t@res “M1” and “M2,” and

then the two split measuring lighif;are made to pass through

the collimator lens “L2” so'thatjthe two split ﬁeasuring

lights are transformed into two' Spllt parallel pencils of

10 light ™“B1” and “B2” symmetrlcal relatlvely to along the

optical‘axis “P.” That is, in a,gertaln measurement space

of the cell “C,” theepencils of';ight “Bi” and “B2” can be
regarded as lights with an identieai'auality.

On the other hand, the 1nfrared measuring light

15 emltted from an end “03” of the fllament “0l1” is transformed

into two split parallel pencils of llght “D1” and “D2” in a

similar manner, as shown in Figs. ]

and 2. As is apparent
from the figures, the penc1ls of .; ght “D1” and “D2” are not

symmetrical relatively to the _dﬁtihal axis “P”, and are

20 unbalanced. That is, if a pair of:apertures on the mask are

arranged on the basis of'a_mere s le conceptlon that only
the symmetry bf the apertures re. to the optlcal axis
ie essential, then the two ben £ llght “D1¥ and “D27
may -pass throﬁgh. asymmetriCa (i.e. areas not

25 symmetrical relatiVe to  the axis “P”) of the



transfornmed into a parallel pencil of 1light by the

collimator lens "L2," and then the parallel pencil of light - passes

t hrough the sanple cell "C2" (a detailed description 20 about

subsequent processing of the transmtted nmeasuring light is omtted

bel ow) . In the optical system of the apparatus shown in
Figs. 1 and 2, the two split parallel pencils: of |ight, whi ch ar
derived fromone pencil-of light emtted forward 25 fromthe |ight
source "O " are used as a light that passes -

7 QUL RIPN8 Cohlich O En@NthdL 14 Ncivhahnpasees”
t hrough the sanple ce |$§§;:, respecther, by “enpl oyi ng atn Ie%g?

an identi cal léﬁﬁ conponent . Therefore, the honogenei ty,
idénticalness?oég%%xn d?ﬂ: the split parallel ' 5 pencils of light is

Feasurement w th ulirarGe ottt dgcbten may axise by a POEHEnal ofiee
Fannot reaJizgfatﬁgf@f¥éaaht “01” when the light source “0” itself is
5  replaced byt;ﬁpther one. Fig. 2 §hpws a state in which the
position of the filament “O1” is shifted from the state of
Fig. 1. Fig..2 illustrates a Sitgétion where an end “04” of
the filament;ﬁci” is positioned oﬁithe center of the optical
axis “P”. 1In this caée, the other end “03” of the filament
10 “o1” is largély displaced from ﬁhe center of the optical
axis “P.” 'Thérefore, the penci@g;of light “D1” and “D2”
that have beén limited by the-maék apertures “M1” and “M2”
are more largé;y displaced or shigﬁéd from the optical axis
“P” in the méasuring'space. )
15 ' Under an extreme situat@dn, it is possible that
the pencil ofilight "D2" that passésithrough the sémple cell
“C2” may inc;pge_almost noﬁe of thé?optical information upon

the end “03” of the filament “0l.”,

Conﬁ?quently, under such- a situation, the two

20 pencils of ¥ight have optical iip%ormation ‘with utterly

different qué%ities when the 1light: source is replaced.

Therefore, tﬁéi relation between ‘the density and the
absorbance mqééured or calibrat on the baéis of the

optical inforﬁétion prior to thei

25 source become nu$able, which in t requires a remake (or

e

or

us

1aéement'of the 1light



honobgeneity or idneticalness of the two split parallel ' pencil s
of light enployed therein.. The reason for this will 10 be descri bed
bel ow with reference to Figs. 1 and 2. It may Dbe
generally considered tha if an i'dentical |ight source is used,
i dentical fluctuations arise: - sinmul tegeously in the two paralle
pencils of light wth respect to a fluctuation in |light em ssion
intensity of the 15 1{i “source. However, strictly speaking, the |ight
source has a specifi.ed.area with respect to the entrance pupi

di ameter of 06 QR GRlE s "'%'f‘ thgh@EFRBEgtléﬂecﬁ %Wﬁf‘f?@espect

accuracy of neasurenent :ca ~be realized uniéss_ t optica system
I s construct pleWai c ration 20 the fact that the optical
information ggmhhe |ntenS|11 't ggaggg so on, -of the infrared neasuring

light emtted from eachy, Iﬁ%ﬂﬁ‘ff poi gt p%%qs:tl hgtll %n%fa%ﬁltp eodf

area differs at eaéh n1nous poin

source " O ghawnin fos., éio%nd crordifteri k1t 1l ad A0k ncd Mt

5 filter whicl | employed in thlS type of spectroscopic

apparatus. spectroscoplc fllter to selectlvely allow a
spec1f1ed wa elength to pass the fllter, the interference
filter is 51m ':convenlent and thus widely used. However,

its _spectroscopiee-spectrunl characteristics are not always

10 uniform dep d;qg on each interference filter. This

nonuniformity thereof is in connection with the problem

hufacturing process of a multilayer

concerning

depositioﬁ sfil .and even the:*spectroscopic spectrum

charaetefiStf ﬁf a plurality ef interference filters
15 manufecturedi gh an identical menufacturing process have

variations i peak wavelehgth*end half width thereof.

Further, . st_ :: speaking, eveq; in one filter, the

spectroscopic: penetration Spectrumsfare not necessarily the

same, depending

hat part of thefiilter the light passes.

20 sihgle in the

the interfere? ;1ter is 51mllar y included both at the

sample measurings: tage and at the re“erence measuring stage,

25 causing no " ylem as descrl- above. However, in’




8 Fig. 1, the center of the filament "01" having a specified

area, and the point of center of symetry of the two apertures
"M" and "M2," are both |ocated on an optical axis "p. In this
construction, an infrared neasuring |ight 5. enmtted fromthe point of
the center "02" of the fil.anent "0lyqis limted by the nmask
apertures "M" and "M," and . t hen t%e two split neasuring lights are
made to pass through the collimtor lens "L2" so that the two split
measuri ng |l ights are“transformed into two split parallel pencils of

i ght "BL" "B I i
égt | ca: ga§<i S%ﬁ 3 tB?theS-.?% m&f égﬂl hgrrg%s u§ %%%n%l }(;%rég]eand tot%att fe

cel | "G " the Clls of ” §&%3%£%rosco ic 2"'.spec r%%h / gw eg%%ﬂﬁp %ﬁﬁ%

lights with éH

I nfrared neasuan i h emtte from d "03" of _the fi Jam%E
"01" is transt S i hfo TIWS % it?p e|96£ﬂ£||§rb?e?|gﬂ? e .
and "D2" in a _fmanner, as shomm in Figs. 1 and 2. As is
appar ent mea%ﬂ%ﬁ%%PﬁérFF&&Fes the pencils of light "D1" and "D2" are
not synnetrlcal rel,‘lvel to the optic xis "P' d. are
unbal anckd. ~That is,' THSLEL9Rer ﬁF &5e??u?§§°5 a?ﬁ.é?ﬁﬂﬁgéﬁ¥arkje°t how

the positiona nénuniformity of the spectroscopic spectrum

is allowed to ﬁé-uniformly included in both of the pencils

of light.

.10 | _ Accgr@ﬁﬁgly, it is .an object of the present
inventiqn to ;:#ide an optical density measuring apparatus.

in which thé'ﬁ mgéeneity 6r identipalness of the measuring
lights is secu fsso that ‘the optipal information upon the
light soﬁrce uﬁiformly included in the measuring space
15 about the opti ~axis, even if a fluctuation occurs in. the
light source ﬁpg
It “ hqther object of.thé present invention to

provide the é f; :_ density.meagu;ipg apparatus in which the

homogeneity or denticalness -6fihéhe measuring lights is

20 secured even i s'ere is a p051t“'nal nonuniformity in the

spectroscopic netratlon specgru ~ of the interference

filter employé sr the spect;@é.épic filter, so that the

nonuniformity "the penetraﬁ ;sﬁectrum is uniformly
included in.thé mé§§uring spacéfébquﬁ the optical axis.

25 ' In accomplishing these éﬁd other objects of the




arranged on the basis of a nere sinple conception that only t he

symmetry of the apertures relative to the optical axis I s essential,

- then the two pencils of light "DI" and "D2" - . may pass through
asymetrical areas (i.e. areas not 25 synnetrlcal relative to the
optical axis "P') of the 12 9
nmeasuring space in which the cells "d" and "C2" are
posi ti oned. - A further probleninay arise by a positional
shift of the filanment "01" when the light source "O' itself is~ 5

replaced by ngf’éé%&; O'l%veﬁﬁ];xgn,z SHO¥E isStgﬁrgni?e&h & tollé‘f:lca% diﬁgfﬁ%' on

of the fila tedfromthe st
illustrates f t t 01
posi ti oned O?lm e cerﬁ%ﬂ%ﬁe opt1 caJI Aingq ? ll?ht %&Eé% af?ﬁl%mgégleﬂét he

Center of thebptharred g, msadtrind 20t BhESLALERL CRCE,

center of the® op )
n Dlll and IID "
. for selecting a predetermined w;_;:elength of the measuring

5 ray that passes through the ;nte;fe‘rence filter; a first
.lens for focusing the measuring ray emitted from the light
source on the interference fllter, a collimator lens for
transforming the predetermined wafelength of the\measuring
ray sel_‘ecjted by the interference.__gi"filte"r into a parallel

10 measuring ray; an optical mask for splitting the parallel
measuri-ing ray into a first split pafl_-:'allel measuring ray and
" a second split parallel measurin'g'--'-'ray: an optical shutter
for selectlvely passing one of the first split parallel
measurlng ray and the second Spllt parallel measurlng ray; a

15 refer-_ence means which is prov:.ded,;;.ln a light pass of the
first spllttlng parallel measurlng ray, a sample cell which

‘is provided in a light pass of the second split parallel

measuring ray; an optical .detect or. optical ‘receiver for

detectimj the one of the first split: parallel measuring ray

20 which has passed through the re__';f'e_ nce means and the second

split parallel 'measuring ‘ray wh1 as passed through the'

sample cell, in order to measurg

sample in the sample cell; ~and. ai’second lens for focusing-

the one of the 'f:ir__s_t split parall easuring ray which has

25 passed through “the reference me and the second split



fhat have been limited by the mask apertures "ML" and "M" .'are nore

| argely displaced or shifted fromthe optical axis "P" in the
measuring space. 15 - ‘ Under an extreme situation, it is
possi bl e t hat " the pencil of light "D2" that passes through the
sanpl e cel | "C2" may include at*nostipone of the optical information
upon the end "03" of the filanent "01."

Consequently, under such a situation, the tw 20 pencils of [|ight
have opti cal information with utterly . different qualities when

the |ight S‘iira'rca%lells mdEUAG whidﬂehﬁsobﬁsseah%hrbﬁbﬁt it NfigRen

the density™ and the “a sor ance neasured or calibrated on” the

basis of the&jy Oﬁ)ﬂH@3b§%ﬁcb@fgé€EE&ﬁP prior to the replacenment of the

light 25 sour ce becones: unusa ich in turn requires a remake (or

10 recons”UCtirP”)tk?é t BEnSELLRE G ON EHEVEoptiRal eSSk, t O 41

repl aced new | i ght sour
example, can beJa_plate—shaped magk,w1th a pair of apertures

5 for forming the first split parailél measuring ray and the
second split-ﬁarallel nmasuringjfay in which the pair of
apertures are juxtaposed' symmetrically relative to an
optical axis.,:

In _the construction, .the measuring ray (or

10 measuring light) emitted from theTlight source is incident
upon the collimator lens after the image of the light source

is "formed on the interference filter as a spectroscopic
filter by means,ﬁof the first lens; the light is made
parallel by the collimator lens, the parallel 1light is

15 divided or split into the first split parallel measuring ray

and the second.split parallel measuring ray by means of the

optical mask; one of the first splf';parallel measuring ray

and the second split parallel me ring ray is selected by
the optical shqtter, the one there elected by the optical
20 shutter is allowed. to pass th ”h either one of the
reference means and the sample ce and the density of the
" sample is measured and calculated - basis of an amount of
.light passing thrqngh-the reference'means; and an amount of

light passing throﬂgh the sample‘cﬁ

25 the optical




Anot her problemis a positional nonuniformty of opti cal
penetration characteristics of an interference 5 filter which is
enployed in this type of spectroscopic - apparatus. As a
spectroscopic filter to selectively allow™a ="+ specified wavel ength to

pass the filter, the interference fhhtér~is_sinple, conveni ent and
thus wi dely used. However, its speCtroscopic spectrum
characteristics are not -always 10 uni form :depending on each
interference filter. Thi s nonuni formty thereof is in
connection W {h. fhe probl em ncernj.ng.s.a_ _manyf ug.l S
of e muiti PapermatiSR ioh rhe ASSRETROLERS. "polRIY| FEC"BriferBEREERS

filters

erehes pPbEeS rafothe raf
&' Hnfhye cprdatoptt the

anme 'd%Pendin

spectrum

h i st I ]
157" mnut act WFERL PR Qb oehes e P Lot M F s

variations in_the, peak vel engt h,and .hal f w

strictly spe‘ati ﬁé?g%e\)gfa?t i hS Gﬁ‘é%tﬁjl tafléﬁ‘-),m ¢

penetration spectruns are not ne&ess§§ig%cah-
Yo 1

e . on what
bart of the fLI9aF PRUCFPqRS pRaLen uded 'in theg $ixst 1aed Spened)
of ligh Is sjngle in _the . af orenens ned conventi onal type_of
the apparat usSBtth @egallel Reagelndadoyst i darCsydtfent tPRIHoST i RAFE
nonuni formty of the interference filter:is simlarly included both
at the Rarpl ke bR iRy ok ddohdid at t he:ref erence neasuring stage,

That 1is, the informétiéﬁ[upon fluctuation of the
luminous point of the lith ISéE?ce, and the positional
nonuniformity éf the optical penéigation characteristics of

10 the interference filter, are uni;g%mly'énd equally included.
in both'of the pencils of light. féé a result, regarding the
positional change of the light source which  has
conventionally been unable to be éé;rected, by correcting or
modifying the egquation of operatiﬁn'by means of one-point

15 calibration based on the sample mé§§urement, a high-accuracy
measﬁrement can be achieved, thusfﬁénecessary to remake the

calibration curve every time the light source is replaced by

another light source.

Also, according  to he construction, the

20 spectroscopic spectra of boﬁh ﬁhe pencils of 1light

coincide with each other}_  §T eréfore, the fluctuation
factors sﬁch as.ﬁhe variation ;h dﬁ ity of light emitted
from the light source, otheré%h' .optical density, is
completely canqelléd in the réfé;f  optical path and. the

25 measurement opti¢é1 path (i.e..éamp optical path).



25 causi ng no such problem as descri bed above. However, in
case that the pencil of light is split into parts and that a

difference 1in spectroscopic spectrum between both the opti cal
paths is caused, a fatal grror arises in the : - measurenent result. 5
Therefore, it is an inportant technical objgct how t he positional
nonuni form ty of the spectroscopic spectrum Is allowed to be

uni formy included in botf-of the pencils . of light. SUMVARY
OF THE I NVENTION 10 RE Accordingly, it is an object of the
present | nvent i giy’ tt@xeo%ﬁb'v@ecéﬂsﬁﬂhbﬁ%ngeﬂﬁétﬂef@@é&&é Nk ARP AL US

I n which the honbgeneity‘ar identical ness of t‘he neasuring lights is
secured so ”1?1& ?% 0 t'f@feféﬁc‘ér MRLh @ qul;l, t{?ﬁl cons tru@Hi oBOUr £€ 135
uniformy inc ed in the .peasuring space about the optlcal axi s,

even if a fl%ﬁ%%ﬁb'%nﬁ3”¥¥5%1dét{ﬁé reference cell and the sample cell

~separate cells, similar to the conventional

5 cells, in whiéﬁ_pure water is put_in the reference cell and

a sample iquup in the sample cel;, or in which a sample is

put in both fﬁa;reference cell and the sample cell.

Preferably, the optical density measuring

apparatus comprlses a single cell housing by which the

10 reference maan”

and the sample cell are constituted, in

which the ¢ housing has a first chamber and a second

chamber that - etrate to each othér inside, in which a cell
length of the:first chamber is shorﬁer'than a cell length of

the second chamber, and in whichfa reference cell of the

15 reference means corresponds to the first chamber while the

sample cell‘q asponds to the secb@d_chamber.

'Infthis'construction, -tﬁegsample is concurrently

- or simultaneously introduced infi ;the first and second

chambers with ut'demarcatiqn. Thé,quantity of light that

20 passes throug ﬁe reference cell!ﬁ'd:the quantity of 1light

that'passes_t :ugh the sample cell,: differ on a basis of

difference in their cell lengths.

According to the. construction of the cell, the one

single cell i divided by the? o chambers into the

25 reference cell‘and the ample cell; namely, they are not the




| i ght source therein. It is another object of the present

I nvention to provi de the optical density neasuring apparatus in

whi ch t he honogeneity or identicalness of the nmeasuring lights is
20 secured even if there is a positional nonuniformty in the
spectroscopi ¢ penetration spectrumof thegg interference filter
enpl oyed for the spectroscopic filter, so that the nonuni formty

of the penetration spectrum is wuniformy i ncluded in the
measuri ng space about the optical axis. 25 I n acconpli shing
these and ot hght D) AFt 9n@kpkhBent cells.  And, the two cells have a

12 present ‘invention, there 1s provided an optical density

Teasuri NG DAL USHGOMPEL Bl in 2 T 0L P MG ek pRIIAIA N0sp1 4t pBicile

infrared ray as a neasuring ray; an interference filter or~ selecting

b CIELEY 88 YRR SHORU el TBTERSMT ool copCEIIE, BRSCR, L pAGY

ray emtted fﬂé%ﬂtpﬁelhgﬂﬁs are close infinitely to each other. Also,
5 the sample is concurrently put into the two chambers, and
the sample is concurrently discharged from the two chambers.
This guarantees that the density of the sample in each of

the chambers is identical.
Also, in the construction, the cell is made of a
10 single member as described above. The measuring rays, or
the two split parallel pencils of light (i.e. two split
parallel measuring rays or lights), travelling from the
light source to the optical receiver, pass through the
identical optical members. Therefore, the light absorption
15 characteristics of the optical substances other than the
density of the sample inside the reference cell chamber and
the sample cell chamber, are substantially identical in the
detected light that passes through the reference cell and in
the detected 1light that passes through the sample cell,
20 consequently allowing a higher accuracy of measurement to be

realized.

As a method to vary the length of one cell, it is
simple and convenient to provide an optical refraction
adjustment block, such as a block made of glass, in a cell

25 housing having an identical thickness or length. Namely, an



source on the interference filter; a collimtor |ens for

transform ng the predeterm ned wavel ength of the neasuring ray
selected by the interference filter into a parallel 10 nmeasuring ray;
an optical mask for splitting the parall el measuring ray into a first
split parallel neasuring ray and a sggond split parallel measuring
ray; an optical shutter for selectively passing one of the first
split parallel measuring ray and the second split parallel neasuring

ray; a 15 reference nmeans which is provided-in a |ight pass of the

fi litti [ Ur.i ng. X [ Lheh '
Tot plitting parel | elenasun] NG (A A SABRAGE N thar A

provided in aTi pass o e secon neasuring ray,

an opti cal de}@fﬁtaﬂ{éﬁye Oﬁlhggl ddua | Vg& fo\%rhi %]ﬁpﬁoxﬂ%@&t g:%g tt.}ti'fféo%ef Ott.hé he

first split para nmeasurrng ray 2 as passed through the
el erene Mool L8 RSO gy BRbLiuPRgR LAl IERSMACE Ry oM gl has
donoi Y O 2 erqm, AP B ILASP ST, CEp7 SIC RBR0000 LB0° Loterc
25 pasged througn §ne;f eLeEeNce TBaRS ANS s 1552 SRlddoh which the
aforementioned first splitting parallel pencil of 1light
passes, and the cell length of the first portion thereof is
made shorter than the other second portion of the cell by
the thickness (i.e. by the length) of the optical refraction
10 index adjustment block.

In other words, the reference means and the sample
cell can be constituted by mounting an optical refraction
adjustment block partially inside a cell housing with a same
length, in which a first chamber formed inside the cell

15 housing has a cell 1length that is shorter due to
intervention of the optical refraction adjustment block than
a cell length, generally equal to the same length of the
cell housing, of a second chamber formed inside the cell
housing, and in which the optical refraction adjustment
20 block has an index of refraction that is similar to an index
of refraction of the sample and the optical refraction
adjustment block has a light absorption characteristic that
is different from a light absorption characteristic of the

sample, and wherein a reference cell of the reference means

25 corresponds to the first chamber while the sample cell



13 paral | el measuring ray which has passed through the sanple

cell on the optical detector. In the construction, the
optical mask, for exanpl e, can be a pl ate-shaped mask with a pair
of apertures 5 for formng the first split parallel neasuring ray and
t he second split parallel measuringlgay in which the pair of
apertures are juxtaposed symetrically relative to an opti cal
axi s. . In the construction, the neasuring ray (or
10 measuring light) emtted fromthe |light source is incident upon
the col | i mat odredpoaidsetot kBel BBEENAT chi@bérght source is forned on
the interference filter as a spectroscopic filter by nmeans of the

first lens; the Ilgf'ztccdrsnrm?deo this Rahakkebtbyn} hen&otwd NRdiild &1,
the parallel light is vided or split into the first split

parallel ”Ea%H@HﬂJﬁéH@tratln §Q§s§@§0ﬂ3r§ﬁéhttHér%ﬁEQE @Eﬁ%ﬂbthuﬁﬁy
by nmeans of the opt |ca one"of the first split parallel

Measuring rayne secorﬁi‘%éf‘&&?(@f‘dtﬁgl ice1par@l. kgl tHRASUdMY ﬁéﬁfeﬂxsatlng
sel ected by e optical shutter; the one thereof selected by t
optical g the reference cell and the light penetrating the sample
cell), undergo substantially the same refraction and reach
the optical receiver via the second lens.
Therefore, amplification of the displacement (i.e.
shift or swerve) of the focusing point (i.e. image-forming
10 point) on the receiver due to aberration of the lens system
is effectively prevented, thus improving the accuracy of
measurement.
In the construction, the reference means may be a
block made of glass.
15 Alternatively, the reference means may be an
atmosphere of air itself.
BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects and features of the
present invention will become clear from the following
20 description taken in conjunction with a preferred embodiment
thereof and modifications to the embodiment with reference
to the accompanying drawings, in which:
Fig. 1 is an explanatory view of an essential part
of a double-beam optical system of a conventional optical

25 density measuring apparatus;



20 shutter is allowed to pass through either one of the

reference neans and the sanple cel; and the density of the sanple is
measured and cal cul ated on a basis of an anmount of | i ght passing

t hrough the reference neans, and an anmount of | i ght passing through
the sanple cell. 25 Accordingioto the construction, t he
opti cal 14 I nformati on
upon the light source, nanely the predeterm ned wavel engt h, sel ected
by the interference filter, of the ray of light that is emtted from
each | um nous point of gf 2 is 4 1 WS bﬁe%”hﬁﬁ%ﬂk¥ tBCkHQEdll” t he
first and second 5 it paré? neasur | rays I.e. pair
split paral | el pe | s t h

i nformati on upon fluctug¥¢0n30§ t%ﬁ”EQplanaHOH% v&&? °anﬁtggth§§ﬁ% S?It
source, and he 05|t|on nlfor t ca

penetration c%%ra er?%?l% cﬁsy§ﬁfm e oAt éﬁgﬁée P?P%g%& a?gaﬁHF}%gn1y

and equally '“9£é¥§¥hs according to a preferred embodiment of the present

5 invention;
Fig. 4 is an explanatory view showing an operation
of the optical system shown in Fig. 3, where a shutter and a
focusing lens shown in Fig. 3 are omitted;
Fig. 5 1s an explanatory view similar to Fig. 4,
10 where the shutter and the focusing lens shown in Fig. 3 are
omitted;
Fig. 6 is an explanatory view showing solid angles
of pencils, or beams, of light emitted from a light source;
Fig. 7 1s an explanatdry view similar to Fig. 6;
15 ' Fig. 8 is a front view of an optical mask and the
shutter which are employed in the optical system shown in
Fig. 3;
Fig. 9 is a side view showing a cell, according to
a first modification, which can be alternatively employed in
20 the optical system shown in Fig. 3;
Fig. 10 is a front view of the cell of Fig. 9;
Fig. 11 is a plan view of the cell of Fig. 9;
Fig. 12 is a view showing an essential part of a
cell, according to a second modification, which can be

25 alrernatively employed in the optical system shown in Fig.



in both of the pencils of light. As a result, regarding the
positional change of t he | i ght source whi ch has
conventionally been unable to be corrected, by correcting or

nodi fyi ng the equation of operation by means of one-point 15

calibration

based on the sanpl e neasurenent, a hi gh-a@uracy measur enent can be
achi eved, thus unnecessary to renmake the cali bration curve every tine

the light source is replaced by anot her |ight source.

Al so, according to t he construction, the 20 spectroscopi c
spectra of 3hogRq of the pencils of [ight coincide wth each
ot her. Therefore, the fluctuation factors such as the variation

in quantity of light epigted3 is a f¥0&WtEokitdhtasoLEsent DAhepathaps whe
optical density, is conpletely cancelled in the reference optical

path and thee23, Q@é‘éiﬁ'ﬂfﬁ@ntt&ptai CahiPal hmbhi@icatiPh e amMicasl dat hbe

15

10

15

20

25

t he above construction, the reference means can
alternatively employed in the optical system shown in Fig. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Before a description of the preferred embodiment
and modifications thereto proceeds, it is to be noted that
like or corresponding parts are designated by like reference
numerals throughout the accompanying drawings.

First, referring to Figs. 3 through 8, the
description is made below upon an optical density measuring
apparatus according to the preferred embodiment of the
present invention.

Fig. 3 1is an explanatory view showing an optical
system of the optical density measuring apparatus of the
preferred embodiment of the present invention. Referring to
Fig. 3, a reference numeral “0” denotes an infrared light
source. A measuring light emitted from the light source “0”
travels through a measuring area to an infrared light sensor
or an optical receiver “R.” Optical lenses “L1,” “L2” and
“L3” are arranged in this order with a line connecting the
light source “0” to a center of the optical receiver “R”
being as an optical axis, and other optical members are
arranged along the optical axis. The measuring light

emitted from the light source “0” reaches a focusing lens



include a reference cell. In this construction, it is possi bl e

to provide the reference cell and the sanple cell as i ndependent
separate cells, simlar to the conventional 5 cells, in which pure water
is put in the reference cell and a sanple is put in the sanple cell,
or in which a sanple is put in bothpihe reference cell and the
sanple cell. Pref erably, t he opti cal density

measuri ng apparatus conprises a single cell housing by which
the 10 reference neans and the sanple cell are constituted, in

whi ch the cely, hau%hﬁglga%h% fTﬁéhsgaagﬂeﬁnaBPF§C§PCPPP%ng P}né&?ﬁ?%%ﬁéé"ﬂ

penetrate to eaéh ot i nsi i'n whi rst

chanber is shan tt%rgt han..a I 1J{I%ngt w1~ the Tslq_cson(%lclt@gber“@”anqé n

whi ch a refereéence cell "of t Fer ente ‘means corresponds to th

first chambero Wdiutdl oy, a rof8tRbA gftt CapseSPRNN'S, tnsg?éétef

chamber . i'S constructi e1ls concurrently
or simnultane I c owt.he, first and second chanbers
wi t hout denarggﬁp§erfg&?ﬁgg ggnFé?g Fbrlght that 20 passes t hrough t he
refereneg cell and the uant|t¥ t ha{ .passes rouq? t he

sanple cell, differ Hasits 8Ffere CediFtngﬁce ? th 7% ?xﬁl

gt s
Accor ding to th%l%g%%ta%%%&ggggg &Q cﬁels pgggeg ghrough and/or absorbed

by a component of the sample to be measured. The rotation

plate “F2” has a predetermined number ©of interference

filters “F1” each of which has a particular light absorption

10 characteristic which is selected for each of predetermined

plural kinds of samples to be measured. The rotation plate

“F2” can rotate about an axis of rotation “F3.” The

rotation plate “F2” is adjustably rotated about the axis

“F3” of rotation so that the light, emitted from the light

15 source “0” and passed through the focusing lens “L1,” 1is

focussed on a selected interference filter “F1” of the
filter “F.”

The infrared measuring light that has penetrated

or passed through the interference filter ™“F1” diffuses

20 again and it reaches the collimator 1lens “L2.” The

collimator lens “L2” is positioned ahead of the filter “r”

at a location at which the collimator lens “L2” is away from

the selected interference filter “F1” with a distance

corresponding to a focal length “f” of the collimator lens

25 “LZ2.” With the arrangement, a pencil of light incident on



single cell is divided by the two chanbers into the 25 reference

cell and the anple cell; nanely, they are not the

mutual Iy independent cells. And, the two cells have a

positional relation in which the two paraxial split pencils of |ight
penetrate or pass through the cells, and igsywhich both the cells are
close infinitely to each ot her. Also the sanple is concurrently
put into the two chanbers, and the sanple is concurrently

di scharged fromthe tw chanbers. This guarantees that the density
of the sanple, 18, .C leS tical. .

Al'so, in '[rﬁe cﬂ?)%s PJEI?%%OI e el 2 |rsl%%§ %olrfgrhggg 2§ gn%?ﬁa%%ehgaht'

descri bed above. The ?3§§ur¢r$h '8 Snd col%ﬁmqto&hﬁehgo“iab ESp%?%FPaﬁ?S)

pencils of light (i.e measuri ng'rays
travelling fromt » SO e t the o recei Nes, . pas
through the 2% pgfﬁ%ﬁt?ﬁ%* %%tlca rglew g%ef@?d? E %ghFEOWH

absorpti on in Fig. 8. The mask “M” 1is provided with a pair of

5 apertures “M1” (which is a “first apertufe”) and “M2” (which
is a “second aperture”) so that a distance in diametrical
direction between a center (which is coincident with the
aforementioned optical axis) of the mask “M” and one “M1” of
the apertures “M1” and “M2” 1is equal to a distance in

10 diametrical direction between the center of the mask “M” and
the other “M2” of the apertures “M1” and “M2.” The first
aperture “M1” is an aperture (i.e. diaphragm) for forming a
reference pencil of 1light; on the other hand, the second
aperture “M2” is an aperture (i.e. diaphragm) for forming a

15 sample pencil of light. That is, the parallel light that is
formed by the collimator lens “L2” and that corresponds to
the lens diameter, is split into a pair of small split
parallel pencils of light by the pair of apertures “M1” and
“M2.7 In Fig. 8, the mask “M,” the first and second

20 apertures “M1” and “M2,” are shown by chain 1lines,
respectively.

Just ahead of the mask “M” is arranged a shutter
“s.” A front view of this shutter “S” is also shown in Fig.
8. This shutter “S” has a first_opening “S1” and a second

25 opening “S2” which are located oppositely and asymmetrically



15 characteristics of the optical substances other than the

density of the sanple inside the reference cell chanber and t he
sanpl e cell chanber, are substantially identical in the det ect ed

i ght that passes through the reference cell and in t he detected

| i ght that passes through the sanmple cell, 2320 consequently allowi ng a

hi gher accuracy of neasurenent to be real i zed. As a
nmet hod to vary the length of one cell, it is si npl e and convenient to
provi de an optical refraction adj ust ment bl ock, such as a block made

of glass, in@chlive 230 BOUSERgehaV gy any4 d%ttla%abnt htﬁ!éf*@éﬁ ofn! engd h.
Nanel y, an optlcal

refraction 'f&%&%l%%tlwréﬂﬁ%thahaas 83 shows a{eéféﬁé' ¥R haden egua

to or approximte to that of Sanpl e and has a |ight absorptlon
characterlstl “ 5r8%‘%ﬁ f ﬁheMﬁaEHbeth%a% ﬂﬁﬁgg for
exanpl e, £i | nseﬁ%%&‘%nre M I rst po%t |ngérnS of the cell thro%%] | clﬁl g(n

“S1” of the shutter “S” are aligned with each other, and the
5 second aperture “M2” of the ﬁask “M” is screened (or closed
or blocked) by the shutter “S”.

Meanwhile, when the second opening "“S2” of the
shutter “S” is aligned with the second aperture “M2” of the
mask “M”, the pencil of light passing through the second

10 aperture “M2” is sent forward, and the first aperture “M1”
is screened by the shutter “S.”

A cell ™“C” 1is arranged in a measuring area
provided ahead of the shutter “S5.” This cell "C" is
constituted by integrating the reference cell “C1” with the -

15 sample cell “C2” into one cell housing. The reference cell
“Cl” is arranged on one side of a center thereof (aligned
with the optical axis), while the sample cell “C2” is
arranged on the other side thereof. A chamber constituting
the cell ™“Cl1” and a chamber constituting the cell ™C2,”

20 communicate with each other, and the same sample (liquid) is
introduced into both of the chambers.

As shown in Fig. 3, the reference cell “Cl1” has a
cell length of “bl,” while the sample cell “C2” has a cell
length of “b2.” The cell length of the latter is made

25 sufficiently greater than that of the former. The reference



aforenmentioned first splitting parallel pencil of |ight passes, and
the cell length of the first portion thereof is made shorter than

t he other second portion of the cell by the thickness (i.e. by the

| ength) of the optical refraction 10 i ndex adj ustnent bl ock.

In other words, the reference neans and theggsanpl e cell can be
constituted by nounting an optical refraction adj ust nent bl ock
partially inside a cell housing with a sane l ength, in which a first
chanmber forped inside the cell 15 housing has a «cell length that

is shorter ge-iltOof 1ightNtRE¥EREOBaAsddhaRfudhal el facdt Ofiverture
adj ust nent bl'ock than a cell length, generally equal to the sane

|l ength of thewy~ usivag, £f hapherkat | psi fewger
cel A R e e e

bl ock has an Jipdex afe IEREA ARINAGLE 9 15081 kAae! Aa3NphBOEX. chrougBline

refraction of sanpl e he opti cal action ust nment

has a |ight [ ctgfd-st g that w ' n a 4, ght
absorption cﬁ%%gﬁgérggf?ga%? tﬁ%zl b% sanp?%?kaHgﬁﬁﬁ%%%?%ga%Pg?gggnégkgeH
of the r§fer%§ﬁﬁﬂﬂ?Qﬁﬁl 2., «orresponds to the first chanmber while

e

the sanple ¢
The aforementioned focusing lens “L3” is arranged

ahead of the cell “C,” and the aforementioned optical
receiver “R” is arranged ahead of the focusing lens “L3” at
a location at which the receiver “R” 1is away from the

10 focusing lens “L3” with a distance corresponding to a focal
length “f” of the focusing lens “L3.” With the arrangement,
the reference pencil of light and the sample pencil of light,
which are parallel 1lights, are focused on the optical
receiver “R.”

15 In comparison with the prior art 1llustrated in
Figs. 1 and 2, the apparatus of the preferred embodiment has
a significant feature that the measuring light is split into
the reference pencil of light and the sample pencil of light,
only after the light emitted from the light source “0” is

20 transformed into the parallel light by the collimator lens
“L2.” It is to be noted that, according to the preferred
embodiment of the present invention, the measuring light is
not split into the reference pencil of light and the sample
pencil of 1light, before the light emitted from the light

25 source “0” 1is transformed into the parallel light by the



18 corresponds to the second chanber. According to

this construction, the two pencils of | i ght penetrating or passing
through the first portion and t he second portion of the cell (i.e
the Iight penetrating 5 the reference cell and the light penetrating
t he sanpl e cell), undergo substantiagdy the sanme refraction and reach
the optical receiver via the second |ens. Ther ef or e,
anplification of the displacenment (i.e. shift or swerve) of the

focusing point (i.e. image-formng 10 point) on the receiver due to

aberration of.Jiher.@B% i\éﬁgem." Thé Se £EE@EtAV®! purFemsntied, add@iﬁiance
In‘pl’OVI ng t he accur acy of measur enent . In the

construction,tle {6 CESASEr HERIN TBY b&lea prbeferéﬂ&c&mﬂ@@ﬁnéﬁt gl 2$$-

Alternatlvely, t he erence neans at nosphere o a|r

i tself. &EEeQE%g$BaT gN&g%éEHEwQ@ﬁm&uggrence to Figs. 4 ﬁH}%ﬂﬁhand

ot her obJects an at ures o

5 Before starting the explanation thereof, a
description is made upon a relation between the measurement
light and the density, the relation being derived from the
Lambert-Beer's Law. The relation is expressed by the
following equations (1), (2) and (3):

10 Ib

Il x exp{-a x bl x ¢} x exp{(-an x bn) x ¥ ... (1)

and

Is

I2 x exp{-a X b2 x ¢) X eXxp(-an x bn) x ¥y ...(2)
where
I, I1, I2: guantity of light emitted from light source,
15 Ib: quantity of light received by the optical receiver
after passing through the reference cell,
Is: quantity of light received by the optical receiver
after passing through the sample cell,
a: light absorption coefficient,
20 b: cell length (cell thickness),
c: density,
an: light absorpfion coefficient of substance other
than component to be measured in the measuring optical
system (for example, 1light absorption coefficients of

25 materials forming the cell, the filter and the 1lens, and



present invention will becone clear fromthe following 20 description

taken in conjunction with a preferred enbodi nent t hereof and

nodi fications to the enbodi ment with reference to the acconpanyi ng
draw ngs, in which: Fig. 1 is an explanatory view of an
essential part of a doubl e-beam optiggl systemof a conventi onal
optical 25 density neasuring appar at us; '

19 Fig. 2 is an explanatory view simlar to Fig. 1;
Fig. 3 is an explanatory view of an essential part of an opti cal

system of an
preferred enbo nent of "the present

iloh 'E%%%‘f&'c@%gt of, dlﬁﬁ’pé‘&ﬁéf'?né‘cl%rg'ﬂféz&)o a

I nvent i on;

4 is an expl anat ory, vi gy SAON 00080 ABRLARLENother trdh NG RRK wltosgﬁem

shown in Fig. 3, ere

are omtted; measured in the meﬁggriggigpﬁgcgfpg§gééﬁvyaH&EMIS'n1|ar to F'g

41

10

15

20

25

er an ocusi ng 1 ens

y: fluctuation in detected intensity (fluctuation in
sensitivity of the optical receiver, and/or fluctuation in
quantity of light).

Based upon the above equations (1) and (2), the
density “c” can be obtained by the following equation (3):
c = ~-In ((Is/Ib) x (I1/I2))/(a x (b2 - bl)) ... (3)
Figs. 6 and 7 show fluctuations in solid angle of
the pencils of light that are emitted from luminous points
of the 1light source and that are made incident on the
apertures “M1” and “M2” of the mask “M”; i.e., the figures
show the fluctuations in luminous flux of 1light or the
fluctuations in a unit ray of light. That is, Figs. 6 and 7

show a state in which one end “03” of the filament “0l” is

- located on the optical axis. Fig. 6 illustrates the solid

angles of the pencils of light emitted from the end “03” of
the filament “01”, while Fig. 7 illustrates the solid angles
of the pencils of light emitted from an end “04” of the
filament “01”. By the way, Figs. 6 and 7 do not show the
focusing lens “L1,” the interference filter “F1” and the
collimator lens “L2” in comparison with Figs. 3 through 5.

As shown in Fig. 6, the solid angle “B1” of the

pencil of light “E1” (i.e. pencil of light being incident on



10 where the shutter and the focusing |l ens shown in Fig. 3 are

omtted, Fig. 6 is an explanatory view show ng solid

angl es of pencils, or beans, of light emtted froma |light source;
Fig. 7 is an explanatory viewsimlar to Fig. 6; 15 Fig. 8is
a front view of an optical nmask and the 27 shutter which are enpl oyed
in the optical system shown in Fig. 3; Fig. 9is a
side view showi ng a cell, according to a first nodification, which

can be alternatively enployed in 20 the optical systemshown in Fig. 3;

Fig. 10 is a{dondp éfc't‘%ﬂfeOf“Nfll"‘? %’?ﬂdl t8k Eb¥id%ngle “B2” of the pdidil Mfis
a plan view of the cell 9; 12 is a view

showi ng an esgsigd ak Qart(pfea pencilCebf, 13GEA dbegmgo 1&1@%@@ on the
nodi ficati on, ich can be 25 alrernatively enployed in the opti cal
SYSthTSFKWW‘dﬂéﬂ%d%e “M2”), both of which are emitted from the lwRinous
point “03” locating on the optical axis, are equal to each
5 other.

On the other hand, as shown in Fig. 7, the solid
angle “B1” of the pencil of light “E3” which is emitted from
the luminous point “04” locating away from the optical axis,
and the solid angle “B2” of the pencil of light “E4” which

10 is emitted from the same luminous point “04” locating away
from the optical axis, are, of course, different from each
other.

A filament of light source can be considered as an
aggregate of such plural luminous points which locate at

15 different ©positions as described above. Therefore,
accurately considering the arrangement shown in Fig. 3, the
reference pencil of light and the sample pencil of light do
not exactly coincide with each other in terms of 1light
intensity etc. This means that the above “Il1” and “I2” do

20 not always coincide with each other.

According to the present embodiment, the
measurement light emitted from the light source “0” having a
specified area is first focused on the interference filter

“F1” of the optical filter “F”, and the diffused light from

25 the body of the interference filter “F1” is transformed into



3; and Fig. 13 is a view showi ng an essential part of a
cell, according to a third nodification, which can be alternatively
enpl oyed in the optical systemshown in Fig. 3. 5 DETAI LED DESCRI PTI ON
OF THE PREFERRED ENMBODI MENT Before a description of the
preferred enbodi nent and nodificatiomg thereto proceeds, it is to be
not ed t hat | i ke or corresponding parts are designated by |ike

ref erence nuneral s t hroughout the acconpanyi ng drawi ngs. 10

First, referring to Figs. 3 through 8, the description is nade

belom/upon E”tHH“ﬂé%ﬂlH@inihbﬁt”B§5%hbngolllmat@@pﬁéﬁéUSLQOCOVﬁhéEbéﬁtéfﬁi
preferred enmbodi nent of the present invention. Fig. 3

i s an expl analQy YpY ke §10WIiRG 2N OPAdk  dpro tuat oOf sbmatongalcalel
density nmeasuring apparatus of the preferred enbodi nent of

present invenidon., Refer rl'l'?ﬂltt :0 the re'i_?'eQenée apérﬁfle.tr egee MY aandoth

denotes an infrared |1 ght sour ce. neasurlng light emtted fronlthe

[ight sour oe Sfote pendifiRKe! 3 LREOUN-ALTFASHL 01 A O AL R IEn

i ght sensor an optical” receiver OptTcal lenses

A BB G R NI T
identical point of the interference filter “F1” and reaches
the measurement space.

This will be described in more detail with
reference to Figs. 4 and 5, which corresponds to Figs. 1 and

10 2. Although Figs. 3 and 4 do not show the focusing lens
“L1l,” the optical filter “F” and the shutter “S8”, it is
possible to consider that the illustrated 1light source
filament “0l” is actually superimposed or overlapped on the
interference filter “F1”.

15 In Fig. 4, the center “02” of the filament “01”
having a specified area, and the center of symmetry of the
two apertures “M1” and “M2” of the optical mask “M,” are
both located on the optical axis “P,” which is similar to
the case explained above with reference toc Fig. 1. With

20 this construction, the measurement light emitted from the
point of the center “02” of the filament “01” passes through
the interference filter “F1” of the filter “F,” passes
through the collimator lens “L2” where the 1light is

transformed into the parallel light, and is limited by the

25 pair of mask apertures “M1” and “M2” so that the light is



being as an optical axis, and other optical nenbers are arranged
along the optical axis. The neasuring light 25 emtted fromthe
| i ght source "O' reaches a focusing |ens

21 "LI," and is then focused on an optical filter (interference
filter) "F' by the lens "L1". This odilter "F' is

constituted by a rotation plate "F2" with a specified nunber of
interference filters "Fl." 5 This interference filter "FI"
selects only a speci fied wavel ength which is passed through and/ or

absor bed h§§19¥ ai§93DQQEPt59%ﬁ1 g%sggg#gjkp ke QﬁﬁﬁﬂgedBlnThgnéOhﬁ%Mon

pl ate "F2" a predetermne nterference filters | "

O ot o RyRR2c2 1831 LOULA chEOBbraBa0r ki @opld | THARYAS) S St WY o

is selected eac predet erm n ral Ki of “$anpl €S t6 be

measured. Th ohgaﬁteﬁlcgg Q!hgtte the wo" Eﬁ%{%@ Féé’lji@fles dﬁg#gngn“B?xi %&dOf

rotation "F3. rotatio I's a y rofate

.about the aXB27 are the measuring lights with the same quality in the

5 measuring space in which the cell “C” is positioned.

On the other hand, the measuring light emitted
from the end “03” of the filament “0l1” is transformed into
the pair of split parallel pencils of light “D1” and “D2” in
a similar manner, as shown in Fig. 4. Namely, according to

10 the embodiment, the pencils of light ™D1” and ™“D2” are
superimposed or overlapped on the pencils of light “Bl” and
“B2” to become symmetrical relative to the optical axis “P,”
different from the conventional optical system explained
above with reference to Figs. 1 and 2. In other words, the

15 lights from the luminous points “02” and “03” of the light
source are uniformly included in the two split parallel
pencils of light.

In addition, it <can be appreciated that the
difference in spectroscopic characteristics caused by what

20 part of the interference filter “F1” the light passes is
also uniformly included in the two split parallel pencils of
light in the same manner.

Also, the same thing can be said for the case
where the light source itself is replaced by another one and

25 the filament position is changed.



"F3" of rotation so that the light, emtted fromthe light 15 source " O

and passed through the focusing lens "L1," is focussed on a sel ected
interference filter "FI" of the filter "F." The

i nfrared neasuring |ight that has penetrated or passed through the
interference filter "FI" diffuses 20 aggn and it reaches the
collimtor lens "L2." The collimator lens "L2" is positioned
ahead of the filter "F" at a location at which the collimtor |ens
"L2" is away from the selected interference filter "FI" with a

di stance correspergiadnifga fcal mogegt déddilof tkegcol |5 mat ahikens
25 "L2." Wth the arrangenent, a pencil of |ight incident on

22 tBeregbbhABt @b lFARSs "L2"shsysent stordaid aniadhPahal 1/l aeaht -
Just ahead of the collimator I'ens "L2" is arranged an optical mask

"M A frongoui eWof 15heneeka” Moh Stisdi0¥ate showd Min Mi%. 48. NER@1fASK
"M  is provided wth a pair of
the figure shows that the end “04” of the filament “01” is
5 located on the center of the optical axis “P.” In this
condition, the end ™“03,” opposite the end “04,” of the
filament “0l1” is largely displaced or shifted from the
center of the optical axis “P.” However, the lights emitted
from the luminous points “03” and “04” are transformed into
10 the parallel lights by the collimator lens “L2.” Therefore,
the pencils of light “D1” and “D2” emitted from the luminous
point “04” coincide with the pencils of light “Bl1” and “B2”
emitted from the luminous point ™“03.” As a result, the
lights emitted from the luminous points “03” and “04” are
15 uniformly included in the two split parallel pencils of
light similar to the case shown in Fig. 4.

In the above arrangement, in case that a mask
having an aperture of an very small opening is assumed and
in case that a unit pencil of light “AI” is defined with

20 regard to the pencil of light emitted from each luminous
point of the 1light source, then the quantity of light
absorption is uniquely determined with respect to the
density in each split optical path.

Regarding the “I1” and “I2,” it is nothing but the

25 result indicating how many times (or how many beams of) the



5 apertures "M" (which is a "first aperture”) and "M" (which i's

a "second aperture") so that a distance in dianetrical direction

bet ween a center (which is coincident with the af orenent i oned
optical axis) of the mask "M and one "M " of the apertures "M"
and "M2" is equal to a distance in B3 dianmetrical direction between
the center of the mask "M and the other "M2" of the apertures "M"
and "M2." The first aperture "M" is an aperture (i.e. diaphragm
for formng a reference pencil of light; on the other hand, the

second e " Nwaper i ; ; a
20N ¢ BREECPRUEE) MR 8anerhaBer bice Ceoenpd S Bt e steean

formed by theRaohH'EHé”oﬁﬁﬁﬁéng s@&g th@he&%&B%éPO%ﬁétébn51t Cé@ebgens
dianmeter, is split into a pair of small split par al | el penC| s of

l'i ght by theuﬂﬁhﬁ?Q% geﬁgﬁgr6§ ‘Muind@om the vidfie of'ﬂeagﬁgemeﬁ%,nﬁgere

mask " second 20 apertures

shown by ChatPer! hOHSE e l"réﬁﬁxxﬁéd”ﬂég,be varied as a Pnéﬁls SE gad of

t he nask "M T1s arrange utter ront view o ufter

.S g'so B OWﬁfé%gﬁkgggethe f%ﬁHfP'inSW@£ﬁ§ ofS t08S il ' % nOPENLRY

"SI" a secon nin whi ch are | ocat ed oppositely and
asynnetrlcalhyght

Next, an explanation is made below upon a concrete
operation for obtaining the density from the quantity of
light in terms of the unit pencil of light “AI,” based upon

10 the measurement values “I1” and “I2.”

First, it 1is explained about the use of this
optical density measuring apparatus from the outset.

It is, of course, initially required to execute a
blank calibration. Accordingly, the measurement cell “C”

15 (including the reference cell “Cl” and the sample cell “C2”)
is filled with pure water having a density of zero, and then
a value of 1Ib0/Is0O is measured. The measurer cannot
directly know the intensity of penetration (or transmission)
of the unit pencil of 1light “AI.” However, it can be
20 considered that:
“I1” = unit pencil of light AI x oa; and
“I127” = AI x B.

Therefore,

“I1” = (a/B) x I2 can be obtained when 1I1/I2 is

25 converted into the unit pencil of light.



23 relative to a center "S3" of rotation thereof inits
dianetrical direction. Fig. 8 shows a state in which the first
aperture "ML" of the mask "M and the first opening "S1" of the
shutter "S" are aligned with each other, and the 5 second aperture "M"
of the mask "M is screened (or closed 32 or blocked) by the shutter
'S, Meanwhi | e, when the second opening "S2" of the
shutter "S" is aligned with the second aperture "M2" of the mask
"M, the pencil of light passing through the second 10 aperture "M2" is

sent forvard, and the irhé L5LraPer UhE aMiementiondd Sgigensd by) thgnshutter

"S I S arrange measuri ng area
provi ded ? fqggen "S. " This cell "C' is
constltuted I n egra |ng the Treference cell "CI" mﬁth the 15 sanpl e

on one side of a Gertei™t horebi) od a7 &% GFiR PRY opticart BFL) MO
while the sanple cell %ﬁzﬂ,lﬁ = a/f 1s obtained by substituting into the
5 equation (3') the measurement values of 1Ib0 and 1Is0
satisfying ¢ = 0. From the relation, a calibration curve
including “K” can be formed, on the assumption that “K” is a
constant value.

Namely, the calibration curve is made from the

10 ratio between the quantities of light obtained by
multiplying the quantities “AI1l” and “AI2” of lights that
penetrate the optical paths of the standard (or reference)
unit pencil of light AI by “a” and “jB,” respéctively. The
density is uniquely determined from the ratio between the

15 quantities “I1” and “I2” of the transmitted light.

Next, it is explained about a case where the light
source is replaced by another one so that the quantities of
transmitted lights in the two split parallel pencils of
light are varied, respectively.

20 In this case, it is assumed that:

IlY = a' x AI; and

I2°

B x AI,
where “I1'” and “I2'” are new transmitted pencils of
light, respectively.

25 Under this situation, if measured signal



arranged on the other side thereof. A chanber constituting t he cel
"Cl" and a chanber constituting the cell "C2," 20 communi cate with each
ot her, and the sane sanple (liquid) is i ntroduced into both of the
chanbers. As shown in Fig. 3, the reference cell "C" has a
cell length of "bl," while the sanple cell33C2" has a cell | engt h of
"p2." The cell length of the latter is nade 25 sufficiently greater
than that of the fornmer. The reference

24 pencil of light that has passed through the first aperture

"ML" of the magknshtipassep'vhraupghvihe rafiecent® e@plied to the abWRkl e
the sanple pencil of light that has passed through the second

aperture "MeqdhtiBg M@k " MhdiaSeRE hihAUEBnERE value WdWIRLelh! vatde"
The aforenentioned focusing lens "L3" is arranged ahead of the cel

gfc,'t'hgngog Egyﬁgepg%@{g%&&ti%m the trheC&aM®k."R'rbs akhmpoed ghgad
density does not become zero even when pure water is
5 measured, and a different wvalue would be calculated or
obtained.

The reason why the values of “I1” and “I1'” become
different from each other is due to the difference in
quantity between the transmitted pencils of light, and the

10 light absorption characteristics that the unit pencil of
light receives, i.e. the quantities Il/a and I1'/a' of the
transmitted lights, are the same.

Therefore, under this condition, if the quantities
of lights IbO0' and Is0' transmitted or penetrated through

15 pure water are newly measured and substituted into the
aforementioned equations (1), (2) and (3'), then there can
be obtained the following equations:

Ib0' = AI x a' x exp(-a x bl x ¢) x exp(~an x bn) x ¥

where ¢ = 0;

20 IsO0' = AL x B' x exp(-a x b2 x ¢) x exp(-an x bn) x ¥

where ¢ = 0; and
c = -In ((Is0'/Ib0') x (a'/B'))/(a x (b2 - bl)).

According to the above equations, the value of

a'/B' can be obtained. And, if ™“K” in this state is

25 corrected to:



a location at which the receiver "R' is away fromthe 10 focusing |len

"L3" with a distance corresponding to a focal |l ength "f" of the
focusing lens "L3." Wth the arrangenent, the reference pencil of
i ght and the sanple pencil of |ight, which are parallel |ights,
focused on the opti cal receiver "R34 15 I n conpariso
with the prior art illustrated in Figs. 1 and 2, the apparatus of
the preferred enbodi nent has a significant feature that the
measuring light is split into the reference pencil of light and t

sanpl e penci | of gh nly after the light emtted fromthe lig
b Agfbr %8

sour ce
| ens

enbodi nent o

n Ol

is “tra

into the parallel light by the collimato
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the present 1nvention urrng |ight
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25

sourc f anstorned
% hgklhgghEth nglbratlon curve. This means that the

measurement does not receive any substantial influence, by
executing the calibration of pure water when the light
source 1is replaced. This also means an overcoming of the
fatal drawback of the conventional measuring apparatus of
the type with the double-beam optical system.

Next, it is explained about the cell “C.”

As described above, the apparatus of the present
embodiment employs the «cell of the type in which an
identical sample is put in an identical cell housing.
Therefore, the densities of the samples to be put in the
reference chamber and in the sample chamber are, of course,
identical. The problem arising in connection with this
arrangement is a displacement (i.e. shift or swerve) of a
focus being formed on the optical receiver “R,” which is
caused by a difference in refractive index (or index of
refraction) of 1light due to the difference between the
length of the reference cell and the length of the sample
cell. Namely, the difference in refractive index between
the two optical paths causes a difference between the
quantities of refractions of the two pencils of 1light;

consequently, there arises a difference in positions on the

S

are
n

he
ht
;

lit



collimator lens "L2." The effect and function in accordance with the

construction of the preferred enbodinent will be descri bed below in
detail with reference to Figs. 4 through 7. 5 Bef or e
starting the explanation thereof, a description is made upon a
rel ati on between the nmeasurenent liggy and the density, the relation
being derived fromthe Lanbert-Beer's Law. The relation is
expressed by the foll owi ng equations (1), (2) and (3): 10

b = leexp(axblxc)xexp( an x bn) x [err] ... (1) and

I's =12 x EXp&ﬁé‘léaszeF Er EXRk- %g ?«rh@% % HefWdams - él;z)llqsght reg\@l'?r%.a

I, 11, 12: quahtity o t emtte romlight source

gquantity of t c t i,cal receiver ~after pa_SSI ng
t hrough t he rlecggrgvﬁ(geg%eg 5 Jwre%%tlt ls: quantlty of light received by

;:hel PSHCZLSLESS: \(;ﬁrcoeﬂll ci ent%%hr g\%ﬁltng éé&g&%@el I eﬁ%?lhe(]%gilfition(s)

thi ckness), thereof of 'th%en%btt)it:al receiver “R” 1is affected by a

5 positional nonuniformity that cannot be actually ignored,

and it becomes one ef inhibiting factors in the measurement

accuracy. It is to be noted that this problem is mostly

solved by putting the cell in the path of the parallel light.

However, this displacement amounts to about 0.2 mm with

10 respect to a difference of 10 mm in cell length for a

measurement wavelength of 1.5 um according to the present

embodiment. Therefore, the spot position of light collected

on the optical receiver “R” actually differs, depending on

the reference optical path or the measurement optical path.

15 Consequently, the reference accuracy cannot be satisfied for

a longer period of time, in a field of measurement use in

which its high accuracy is required. This is because the

lens in the optical system generates an aberration of the

transmitted light; more strictly explaining, this is because

20 the light that has passes the collimator lens “L2” includes

a component that is not parallel relative to the optical

axis “p”. This aberration is a phenomenon that cannot be

avoided so long as a general-purpose lens is used in the
apparatus.

25 In order to solve this problem, a first



an: light absorption coefficient of substance other t han conponent

to be neasured in the neasuring optical system (for exanple, |ight
absorption coefficients of 25 materials formng the cell, the filter
and the lens, and 26

| i ght absorption coefficient of dirt adherigg upon then), bn

t hi ckness of substance ot her than conponent to be measured in the
nmeasuring optical system and [err]: fluctuation in detected
‘intensity (fluctuation in sensitivity of the optical receiver and/ or
fluctuation 'n@dlflcatlgﬂar!%f tt’hé’f de1dhtdhown . in Figs: 9 g Pn jihe
above equations (1) and density "c'"™ can be obtalne by t he
fol |l ow ng eq %8ﬁeﬁ3) c =-In ((Is/lb) x (11/12))/(a x (b2 -
b1)) ... Figs. 6 and 7 show fluctuations in solid
angl e of t he pe of ht at, are egitted m | $1m [ous Iint's
of the |ight source angﬁ%ﬁﬁy arg&ﬁa ifnéﬁ%e gggéheVEéQ éf‘ £He® R

according to the first modification which corresponds to the
5 drawing of Fig. 3; Fig. 9 is a side view of the cell shown
in Fig. 11; and Fig. 10 is a front view of the cell shown in
Fig. 11. This cell “C” according to the first modification
has a sample inlet “C3” and a sample outlet ™“C4” at the
upper and lower portions of the cell housing, respectively.
10 Inside the cell housing is inserted a refractive index
adjustment block “A” having a refractive index identical or
approximate to that of the sample (liquid) inside.
That is, the cell length of the reference cell
“C1” is “bl,” while the cell length of the sample cell “C2”
15 is "b2.” However, the housing of the reference cell “Cl”,
and the housing of the sample cell “C2,” have the same
thickness as shown in Fig. 11, and “cell length b2 minus
cell length bl” is the thickness of the block “A.”
Therefore, with the construction, the pencil of
20 light that has passed through the reference cell and the
pencil of light that has passed through the sample cell,
undergo a generally same refraction of light.
A normal liquid sample (for example, a
semiconductor «cleaning 1liquid) is mostly made of water

25 (refractive index of light: 1.32); therefore, a quartz glass



apertures "M" and "M2" of the mask "M'; i.e., the figures show t he
fluctuations in lumnous flux of light or the 15 fluctuations in a unit

ray of light. That is, Figs. 6 and 7 show a state in which one end
"03" of the filament "01" is | ocated on the optical axis. Fig. 6
illustrates the solid angles of thgpencils of light emtted from
the end "03" of the filanment "01", while Fig. 7 illustrates the
solid angles 20 of the pencils of light emtted froman end "04" of the
filanent "Ol". By the way, Figs. 6 and 7 do not show t he f ocusi ng
lens "L1," W%ef%@ﬂ@éerl%‘ié(}d'&%r fé tand 4B¢ can beCOLbiOBELH |QNsy"L2"
I n conparlson wth Figs. 3 through As shown in Fig. 6,

the solid angbﬁsaéﬁ&é]ﬂ 9£gt9ere%§actw@ciﬁd9§ Light t& tnkt- 8¢ 99@@52» of
| i ght bei ng 1 nci 7

the aperture "M ") and hhec ?Ig%&%gghgnd g] Zt"heOfsézE;Zlé’eri‘E'l Ofood oil

light "E2" (i.e. penC|I I ng 1ncident on t aperture

"“M2"), both QEe?@éEEl@ée q@&%&ed SEomihe . um polks, - then  BKY glass

5 (refractive index of light: 1.51) is appropriate, as another
example.

A precondition that these blocks can be employed
in the apparatus is that the blocks have a light absorption
characteristic different from that of the object component

10 of the sample for the density measurement. By incorporating
the aforementioned quartz glass into the cell “C”, the focal
position swerve of 0.2 mm of the preceding example 1is
substantially reduced to a swerve of not greater than 0.05
mm, thus solving the practical problem in connection with

15 this swerve.

By the way, as a simpler cell construction, it is
also possible to provide a quartz glass block “C'” in place
of the reference cell Cl, as shown in Fig. 12, as a second
modification of the cell.

20 Alternatively, it is also possible to provide an
atmospheric air “C"” itself in place of the reference cell
Cl, as shown in Fig. 13, as a third modification of the cell.

Although the present invention has been fully
described 1in connection with the preferred embodiment

25 thereof and modifications to the preferred embodiment with



point "03" locating on the optical axis, are equal to each 5 ot her.

On the other hand, as shown in Fig. 7, the solid angle "[err] 1" of
the pencil of light "E3" which is emtted from t he | um nous poi nt
"04" locating away fromthe optical axis, and the solid angle
"[err]2" of the pencil of light "E4" which3gl0 is emtted fromthe sane
| um nous point "04" |ocating away fromthe optical axis, are, of
course, different from each ot her. A filament of

| i ght source can be considered as an aggregate of such plural

l'um nous poi nEsradertde | esatkBealacchbaipanihle @ twinR@Si 110N +@S béjeﬁcgfécﬁed
above. Ther ef or e, accurat ély "consi dering the arrangenent shown
in Fig. 3 thenat varddtser eRsemPeRsihgdl | gt ABdiEReatagRLe procili ol
i ght do not exactly coincide wth each other In terns o |g]t

intensity etCyppahiirgt MeANSHRRAL {PE ADPVEn" Ithe aggk'(':l:Z" 548 %Qx[aggeg?thaend

al ways coincide with each other. ordrng

present — emgdii®MHatioddCre | ?eﬁ%gﬁg%%goéd gg'% %mctléggdf rvﬁerphtirﬁe tlli.eght

source "O' having a speci I rTst Tocused on t
interference { r "R t. ical_fi "E",..and the diffused
| i ght f-r%m ngééééat%g E):ggyp? steﬁlfet ilﬁﬁ’ee(r}&falroglnc%éf%i%?érrlegFP'y chlet r%?%?rb‘{ﬁ’fgd

I nto claims unless they depart therefrom.



28 the parallel light by the collimtor |ens "L2.
the parallel light is split into the two split parallel ” Hmc“ﬂgﬂufm"l
light: the reference pencil of light and the sanpl e penci | tof

Nanmely, the light emtted from each 5 | um nous point of the Ilght
source passes through an I denticed point of the interference
filter "FI" and reaches t he nmeasurenent space. Thi s
will be described in nore detail with reference to Figs. 4 and 5,
which corresponds to Figs. 1 and 10 2. Athough Figs. 3 and 4 do not
show t he foc gtke " the optical filter "F' and the shutter
"S', it is Wein': IEoQ?ﬁ%VEDto conS|der that the illustrated |ight source

fil t "01% i t ual
T 0L, S0 Yy oy TR P Y AP RS comer g

interference filter "F

filament 01" hayi ng i SAEALId Lt ¥ €8n; ARfhd Nen CEREEL 08 SYPTMBLTY of

measuring ray;

5 an interference filter for selecting a
predetermined wavelength of the measuring ray that passes
through the interference filter;

a first 1lens for focusing the measuring ray
emitted from the light source on the interference filter;

10 a collimator lens for transforming the
predetermined wavelength of the measuring ray selected by
the interference filter into a parallel measuring ray:;

an optical mask for splitting the parallel
measuring ray into a first split parallel measuring ray and

15 a second split parallel measuring ray;

an optical shutter for selectively passing one of
the first split parallel measuring ray and the second split
parallel measuring ray;

a reference means which is provided in a 1light

20 pass of the first split parallel measuring ray;

a sample cell which is provided in a light pass of
the second split parallel measuring ray:

an optical detector for detecting the one of the
first split parallel measuring ray which has passed through

25 the reference means and the second split parallel measuring



two apertures "M" and "M2" of the optical mask "M " are

on the optical axis "P," which is simlar to the cas‘almmmmmuinmt)w
with reference to Fig. 1. Wth 20 this construction, =*the neasurenment
light emtted fromthe poi nt of the center "02" of the filament "01"
passes through the interference fikper "FI" of the filter "F"
passes through the collinmator lens "L2" where the light is
transforned into the parallel light, and is limted by the 25 pair of
mask apertures "M" and "M2" so that the light is

29 SRy twhi &t OhaEWBaBééal |t?1|roul&ﬁnc’dﬂéS s&fp1d 'SQil "Bh" ordRd tH2"

symetrical about the optical axis "P. s, It can

consi dered t tHp cﬁﬁﬁﬁé el goena Son |59ﬁ£>l ac'?l‘é sample d¥l1Are
t he measuring g ts wt e sane quality |n measur i ng space in
whi ch the cel C' is positioned. Cn t he ot her hand, the
nmeasuri ng Ildh enltted fromthe end "03" of the filanent "01" is

transformed into a second lens for focusing the one of the first

5 split parallel measuring ray which has passed through the
reference means and the second split parallel measuring ray

which has passed through the sample cell on the optical

detector.
2. The optical density measuring apparatus as claimed
10 in claim 1, wherein the optical mask is a plate-shaped mask

with a pair of apertures for forming the first split
parallel measuring ray and the second split parallel
measuring ray in which the pair of apertures are Jjuxtaposed
symmetrically relative to an optical axis.

15 3. The optical density measuring apparatus as claimed
in claim 1, which comprises a cell housing by which the
reference means and the sample cell are constituted, in
which the cell housing has a first chamber and a second
chamber that penetrate to each other inside, in which a cell

20 length of the first chamber is shorter than a cell length of
the second chamber, and in which a reference cell of the
reference means corresponds to the first chamber while the
sample cell corresponds to the second chamber.

4, The optical density measuring apparatus as claimed

25 in claim 1, wherein the reference means and the sample cell



Simi Par manner, as shown in Fig 4. Nanely, according to  JNI{NAIINNNNN

enbodi mrent, the pencils of light "D1" and D2 are *  superihpdsed
or overl apped on the pencils of light "Bl" and "B2" to becone
symmetrical relative to the optical axis "p;" different fromthe
conventional optical system expl ai ned above with reference to Figs.
1 and 2. In other words, the 15 lights fromthe | um nous points "02"
and "03" of the Iight source are uniformy included in the two split

paral | el r%'ﬁﬁﬁgéf%d%%dg%%?hbunting an ogFical kgfﬁgﬁﬁiéﬁnadjéﬁéﬁgbéua

appreci ated tha erencé rn spectroscoplc character
It S B RS A A RS
gt L0 the A5 TOPEL.c cosmner Copped ChENe! DB BN NN R 50,
and 25 theceflilI aggrq%tﬁostj.ﬁaittoniiss gﬁ‘g‘{‘@gf’- due to intervention of the
5 optical refraction adjustment block than a cell 1length,
generally equal to the same length of the cell housing, of a
second chamber formed inside the cell housing, and in which
the optical refraction adjustment block has an index .of
refraction that is similar to an index of refraction of the
10 sample and the optical refraction adjustment block has a
light absorption characteristic that is different from a
light absorption characteristic of the sample, and
wherein a reference cell of the reference means
corresponds to the first chamber while the sample cell
15 corresponds to the second chamber.

5. The optical density measuring apparatus as claimed

in claim 1, wherein the reference means 1is a block made of

glass.
6. The optical density measuring apparatus as claimed
20 in claim 1, wherein the reference means is an atmosphere of

air itself.



30 Explaining in nore detail, Fig. 5, which
corresponds to Fig. 2, shows a state in which the fil anent position
is shifted fromthe state shown in Fig. 4. Nanely, the figure shows
that the end "04" of the filanment "01" is 5 | ocated on the center of
the optical axis "P." In this congiztion, the end "03," opposite
the end "04," of the filament "01" is largely displaced or shifted
fromthe center of the optical axis "P." However, the lights emtted
fromthe |um nous points "03" and "04" are transfornmed into 10 t he

paral | el |ighgsTRrcirhercokki pasorosers "L2." Therefore, the pencils
of light "D" and "D2" emtted fromthe | um nous poi nt " 04" coi ncide

with the pencils of ligh "#kidd "Sstem fofMhbeduling the | yptneds
point "03." As a result,(ﬁﬁhe gg%ights emtted fron?lhe IuE?%ous

points "03" 2RS4 ¥ € é?xln%ﬁt”%_owﬂli%h IRoldded i tiyN olNe j gripo Feingﬂldyed

parallel pencils "o simlar to the casé shown ' n

[N the above R4r AORIRNING | fnEaSeNLAEy AndRRbr is sAYLAY B9 BRI 150"

an very small opening 1Is assune in case that a un

} 'rgm e;[é’ﬁr |r L'r?;bﬁgﬁgqefﬂr&%%‘éﬂt%n on "£IPL Ghi OsbEcLENA koPhil! GRE; 8H Lt ed
measurement space about an optical axis therein even if the
fluctuation occur in the light source in the system. A beam
of light emitted from the light source and then focused on
an interference filter is transformed into a parallel light

10 through a collimator lens, and the parallel light is then
split into two parallel pencils of light by an optical mask.
The  parallel light uniformly includes the optical
information upon the light source. A reference cell is
placed in a first split parallel pencil of light, and a
15 sample cell is placed in a second split parallel pencil of

light. The lights that have passed through the two cells

are focused on an optical receiver by a focusing lens.
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point of the light source, then the quantity of |ight absorption is

uni quely determned with respect to the density in each split optical
pat h. .Regarding the "I1" and "12," it is nothing but the
25 result indicating how many tines (or how nmany beans of) the
31 unit pencil of light "[err]l" have reached the optical receiver
"R'" in the optical system Therefore, the density can be uni quel y
sought or found fromthe val ue of neasurenent, no matter how t he
"I'1" and "I12" nmay be varied as a consequence 5 by calculating t he
result in terns of the unit pencil of I ght . Next ,
an expl anation ﬁ?!gpdé b f;h 94#5? operation for obtalnlng
the density fro 4 @ guahti't i"fght in terns of the unit penci
of light "[err]l," based upon 10 t he measurenment values "I1" and "I2
First, it is explained about the use of this C1

. L2 K
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optical density neasuring apparatus fromthe outset. It

I's, of course, initially required to execute a bl ank cal i brati on.
Accordlngly, t he neasurenent cell "C' 15 (including the reference cel
"C" and the sanple cell "C2") is filled with pure water having a
density of zero, and then a value of 1bQI1sO is neasured.

The neasurer cannot directly know the intensity of penetration (or
transm ssi on) of the unit pencil of light "[err]l." However, it
can be 20 consi dered that: "I'1" = wunit pencil of |ight
[err]l .x [err]; and o [err]l x [err].

Ther ef or e, 11" = ([® [err]) , x 12 <can be obtained when

11/12 is 25 converted into th
32 Therefore, t
repl aced as follows:

nit pendil of light.
ﬁﬁorenertloned equation (3) can be
1

Fig.3
1—

1,
3
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c =-In ((Is/lb) x ([err]/[err]))/(a x (b2 - bl)) o (3Y)
Then, K = [err]/[err] is obtained by substituting into the 5 equati on

(3'") the neasurenent values of [b0 and 1sO satisfying ¢ = 0.
Fromthe relation, a calibration curve i ncluding "K' can be forned,
“on the assunption that "K' is a constant val ue.

Nanmely, the calibration curve is nade fromthe 10 rati o between t he
guantities of light obtained by mul tiplying the quantities
"[err]1I1" and "[err]12" of lights that penetrate the optical paths
of the standard (Qf reference) unit pencil of light [err]l by
“[err]” and "[erpf spectivel y. The density is uniquely
determned fromthe?ratio between the 15 qu h&{les "I'1" and "I12" of
the transmtted |ight. Next , expl ai ned about a case
where the |ight source is replaced by a6 er one so that the
quantities of transmtted lights L2 the mn split parallel pencils
of | i ght are vari ed, respectively 20 In this case, it
is assuned that: I [err X [e Ell nd 12" =
[err]" x [err]l, 03 mherq,_l— na " JZ[— ate new trapsmtted
penci | s of Li . respectively. a\ }81,01 P

02 5§= et T _S
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25 Under this si tuation, i f measur ed si gnal

33 intensities "Ib'" and "Is'" directly applies to the above
equation (3'), then the nmeasurenent val ue becones a val ue . which is
different fromthe true val ue. For exanple, the density does not
becone zero even when pure water is 5 nmeasured, and a different
value would be calculated or obt ai ned. The
reason why the values of "Il" and "Il'" becone different from each
other is due to the difference in gquantity between the transmtted
pencils of light, and the 10 | i ght absorption characteristics that the
unit pencil of light receives, i.e. the quantities Il/[err] and
[1'/[err]" of the transmtted |ights, are the sane.

Therefore, under this condition, if the quantities of lights IbO

and |sO transnitifﬂ? rﬁzenetrated t hrough 15 pure water are newy
measured and su sté?u d into the

THIS SHEET HAS BEEN
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af orenenti oned equations (1), (2) and (3"), then there can be

obt ai ned the foll ow ng equati ons: IbO = Jerr]l x [err]' x
exp(-a x bl x ¢) x exp(-an x bn) x [err] where ¢ = 0; 20
IsO = TJerr]l x [err]' x exp(-a x b2 x c) x exp(-an x bn) x [err]

where ¢ = 0; and c =-In ((IsO/1bO) x ([err]"/[err]"))/(a x:
(b2 - bl)). According to the above equations, the val ue of
[err]'/[err]" can be obtained. And, if "K' in this state is 25
corrected to: 34 K
= [err]'/[err]', then, the density can be obtained by neans of the
cal i bration curve including "K' that has previously been made,

wi t hout remaking the «calibration curve. This neans that the

5 measur enent does not receive any substantial influence, by
executing the calibration of pure water when the |ight

Fig.8
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source is replaced. This also neans an overcom ng of the f at al

drawback of the conventional neasuring apparatus of the type with

t he doubl e- beam optical system 10 Next, it is explained about

the cell "C ™ As descri bed above, the apparatus of the

pr esent enbodi nent enploys the cell of the type in which an

identical sanple is put in an identical cell housing. Therefore, the

densities of the sanples to be put in the 15 ref erence chanber and in

the sanpl e chanber are, of course, i denti cal . The problem ari sing

in connection with t arrangenment is a dyEPIac t (i.e. shift or

swerve) of a %} g forned on the opti e er "R " which is

caused by a dlfference i refractive index (or index of 20 refraction)

of light due to the i fference between the | ength of the

reference cell and the Iegkth of the sanple cell. Namely, the

difference in refractive index between the two optical paths causes a

di fference between the guantities of refractions bf the two pencils

of light; 25 consequenptly, tﬂ?re arises a differernce incR?sitions on the
T‘\/ AN

C4 C4

l
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35 optical receiver "R' to which the beans of |ight reach via

the two cells, as a result. The neasurenent accuracy
and/or variation (s) t hereof of the optical receiver "R' is
affected by a 5 positional nonuniformty that cannot be actually

i gnor ed, and it becones one of inhibiting factors in the neasurenent
accuracy. It is to be noted that this problemis nostly sol ved by
putting the cell in the path of the parallel |ight. However, this

di spl acenent amounts to about 0.2 nmwth 10 respect to a difference

of 10 mm in cell Ilength for a measur enent wavel ength of 1.5 pm
according to the present enbodi nent. Therefore, the spot position of

|l ight collected f: 2? the optical receiver "R' actually differs,
dependi ng on / LHL eferengﬁ optical path or the measurenent optica
path. 15 Cbnsequently, t he refterence accuracy cannot be satisfied for

a longer period of tinme, in a fisel d M nmeasurenment use in which its
hi gh accuracy is required. Thifs/1s because the |l ens in the optical
system generates an aberratio fl the tCansmtted |ight; nore
strictly explaining, this is Ee Ise ad

7 :

B1,D_1_SP
}BZ,DZ
—C—2— \/\C
Fig.13
M
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20 the light that has passes the collimtor lens "L2" includ ed s a
conponent that is not parallel relative to the optical aX|s*f 3
This aberration is a phenonenon that cannot be avoi ded so long as a
general - purpose lens is used in the apparatus. 25 In
or der to solve this problen1 a I rst

36 nodi ficatio ' D and 11 is

provi ded. ﬁg&h&& 2 of the cel

according to the first nDdlflcatlon mhlch corresponds tothe 5 draw ng

of Fig. 3; ABYRAET OF THEJRIPLERSYREt he cel | shown in Fig. 11; and
Fig. 10 is a front view of the cell shown in Fig. 11. This cell "C
according to the firdin noepiieati osystem fpas messuphiagi nlegt '"fRicaid a
sanple outlet "C4" at the upper and | ower portions of the cel

housi ng, redgmeiiwedy. a semplensindevhitdie hamidendiduysiofy light iemerdyved a
refractive index
for measuring the density thereof is secured by including
5 optical information upon a light source uniformly inside a
measurement space about an optical axis therein even if the
fluctuation occur in the light source in the system. A beam
of light emitted from the light source and then focused on
an interference filter is transformed into a parallel light
10 through a collimator lens, and the parallel light is then
split into two parallel pencils of light by an optical mask.
The parallel light uniformly includes the optical
information upon the 1light source. A reference cell is
placed in a first split parallel pencil of 1light, and a
15 sample cell is placed in a second split parallel pencil of
light. The lights that have passed through the two cells

are focused on an optical receiver by a focusing lens.

Figure 9
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adj ustment bl ock "A" having a refractive index identical or

approximate to that of the sanple (liquid) inside. That is,
the cell length of the reference cell """ is "bl," while the cel
| ength of the sanple cell "C2" 15 isg "b2." However, the housing of the
reference cell "d", and the housi ng of the sanpl i ,%gﬁﬁqﬁ_“j
the sane thi ckness as shown in Fig. 11, and "cell 370l A0St

cell length bl" is the thickness of the block "A "
Therefore, with the construction, the pencil of 20 i
t hrough the reference cell and the pencil of 1ight

gn o S HGIT, PRIGIR AT cami £ 57 of

sem conductor cleaning liquid) is nostly made of water
i ndex of light: 1.32); therefore, a quartz gl ass
37 (refractive index of |ight:

&2 (

s A . G

(rerracti v

45) ca@®ibe selected as a
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substance having a refractive index close to that of water.

On the other hand,
of | i ght: 1.52), then BK7
1.51) is appropriate, as another

precondition that these bl ocks can be~

if the sanple is a food oi
gl ass

5

exanpl e.
21ipl oyed

that the bl ocks have a |ight absorption

fromthat of the object conponent
measurenent. By incorporating
the cell "C', the foca

exanple is substanti al I8
0. 05 nm thus solving the
this swerve. By t
IS al so possible to provide
of the reference cell Cl, as sho
nodi fication of the cell.
possi ble to provide an
reference cell Cl, as sho
the cell.

10

h

i ndex
| i ght:

(refractive
(refractive index of
A
in the apparatus is
characteristic different

of the sanple for the density

t he aforenmentioned quartz glass into

\ AL
rrc air
G\J:ig)\. 13,

S

posi tion swerve of 0.2 nm of the preceding
d to a swerve of not greater than

pbl em in connection with 15
sinpler cell construction,
Ass block "C " in place

as a second

brnatively, it is also

'C'" itself in place of the
as a third nodification of

i nvention has been fully

it
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described in connection with the preferred enbodi nent 25 t her eof and
nodi fications to the preferred enbodi nent with

38 reference to the acconpanying drawings, it is to be noted

t hat various other changes and nodifications are al so apparent to
those skilled in the art. Such changes™ and nodi fications are to be
understood as included within the 5 scope of the present invention as
defined by the appended clainms unless they depart therefrom

39 VWHAT IS CLAIMED | S: 1. An optical density measuring

apparatus conpri sing:

Fig.4
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a light source for emtting an infrared ray as a measuring ray; 5

an interference filter for sel ecting a pr edet er m ned

wavel engt h of the nmeasuring ray that passes t hrough the interference
filter; a first lens for focusing the neasuring ray
emtted fromthe light source on the intérference filter; 10 a
col |'i mat or | ens for transform ng t he predet er m ned wavel engt h
of the measuring ray sel ected by the interference filter into a
paral | el neasuring ray; an optical mask for splitting the
par al | el measuring ray into a first split parallel neasuring ray and
15 a second split parallel neasuring ray; an opti cal
shutter for selectively passing one of the first split parall el
measuring ray and the second split paral | el neasuring ray;

a reference neans which is provided in a light 20 pass of the first
split parallel neafﬁ" ay; a sanple cell which is
provided in a ligh g@ggf%f the second split parallel neasuring ray;
an optical detector for detecting the one ¢ff the first split parallel

measuring ray which has passed througE1

v e o =i
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25 the reference nmeans and the second split parallel neasuring

40 ray which has passed through the sanple cell, in order to
neasure an optical density of a sanple in the sanple cell; and

a second lens for focusing the one of the first 5 split parallel
measuring ray which has passed through3he reference neans and the
second split parallel measuring ray whi ch has passed t hrough the
sanple cell on the opti cal detector. 2. The optica
density neasuring apparatus as clainmed 10 inclaiml, wherein the
optical mask is a pl ate-shaped nmask with a pair of apertures for
formng the first split paral l el measuring ray and the second split
par al | el measuring ray in which the pair of apertures are juxtaposed
symmetrically relative to an optical axis. 15 3. The opti cal
density neasuring apparatus as cl ai ned

Fig.8




in claiml, which conprises a cell housing by which the reference

nmeans and the sanple cell are constituted, in whi ch the cell housing
has a first chanber and a second chanber that penetrate to each ot her
inside, in which a cell 20 | ength of the first chanber is shorter than a
cell length of t he second chanbé,~ and in which a reference cell of

t he ref erence nmeans corresponds to the first chanber while the

sanpl e cell corresponds to the second chanber. 4, The optica
density neasuring apparatus as clainmed 25 inclaiml, wherein the
reference nmeans and the sanple cel

41 are consti ted y nounting an optical Lefragtion adj ust nent

bl ock partially |n5|d housing with a sane ﬁf whi ch a
first chanber forned insi e the cell housing has a ceII | engt h t hat

block than a cell |Iengt generally equal to the sane |ength of

is shorter due to interven&ion of the 5 optical refraction adjustnent
the cell housing, of a
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second chanber fornmed inside the cell housing, and in which t he
optical refraction adjustnent block has an index of refraction that
is simlar to an index of refraction of the 10 sanpl e and the opti cal
refraction adjustnent block has a | i ght absorption characteristic
that is different froma Iighrﬁébsorption characteristic of the
sanpl e, and wherein a reference cell of the reference neans
corresponds to the first chanber while the sanple cell 15 corresponds to
t he second chanber. 5. The optical density neasuring apparatus
as cl ai ned inclaiml, wherein the reference neans is a bl ock nade of
gl ass. 6. The optical density neasuring apparatus as cl ai ned

20 inclaiml, wherein the reference neans is an atnosphere of air

itself. f:igy_'1£2
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