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FIEL1Y .OF·' THE INVENTION 

Tb,e present invention ·generally relates to an 

opti¢C1l . .density measuring apparatus for securing homogeneity 

. of infrared measuring light which· has a pair of cells being 
. . . : . . . 

a reference cell and a sample cell in an infrared optical 
'·, ·: /'': ::·. -; ; 

.· systerii>,.t;hereof and which finds an optical density of a 
: -~.. . '.: :. . ~· . . 

·10 sampj,;~- :·p1;1 a basis . of a ratio bet~een a pair of intensities 

_of tb.¢>1ri:frared measuring lights pa::ssing through the pair of 

:: cell$/ :S:nd particularly relates : to the optical density 

:ffieasP:f+I1.9'. apparatus therefor wi t:li a double-beam optical 
. :· ... 

.... syst~ht·whi.ch t:ransforms the infrar~~ measuring light emitted 
. . 

.15 · ·:frolll a:>l:lght source into a parallef .infrared measuring· light 

20 

.:."·· 

··-: .. 

.":·· 

·PY a:: ¢9ilimator lens, 
•' '.·. . ·: <'.-· . 

splits the <~arallel measuring light 

·.into :two. split parallel pencils :(>f· light, and makes the 

··,.first:': 'P:e~pil of light and the . se~~·c;nd pencil of light pass 

through: the re:ference cell and the. ~~mple cell, respectively. 
. .. ~:· ; ' 

DESCRIPTIQN.OFTHE RELATED_ ARTS 
i'/': .. 

'.: ,:: . ~ 
:;:··. 

· A va.riety · of types of ;optical density measuring 

· _appara~:uses have conventionally been p.J;»ovided. The types of 

·.·(;>pticaJ( 
'~·· .. ' 

density measuring .ap~fir~ttises 
L· :. · .. '. : 

are . generally 

· _ ·clas~~fd,,~,d by _:their optical path~/ 6r :.pencils of measuring 

·.' 
.:<·.: ··-· 
:-·.= .. ,.: 

'.··. 
;;, 
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system and a type with a doubl§g~~~- optical system. The 
. ::: ::.: ... ·.>.: ~~ ;~: 

former type, namely, the type wit:h/the ~ingle-beam optical 
~;"" :. :'. -: . . . 

system, which has been conventi6~~'.ily popularized for a long 
... :·+,:· .· 

time, has a construction in whi¢:h: a cell is positioned in 
····:.: 

one pencil of light travelling·• ii:om a light. source to an 
··.· :,:;. 

optical receiver. With the construction, the cell is filled 

up preparatorily with pure water ··as a reference liquid, . and 

the quantity of transmitted light· .. of the measuring light 
'· .. :.·.;' 

that passes through the pure watc;i:t-.is detected beforehand by 
:.· . .' 

10 the optical receiver. Then, after/replacing the pure water 
·· .. ,··.-.: .. : .. 

inside the. cell with a sample, the·~ quantity of transmitted 

light of the measuring light that.;p~sses through the sample 
-~ : "<- . : . .- . 

is detected, and the density ·o.f: the sample is found or 

calculated from the ratio between -~Ke qUanti ties of both of 

15 the transmitted measuring lights. 

20 

25 

This t:YPe of optical 'd~rj.'~i ty measuring apparatus 
·:;.·.-· . 

. . · 

with the single-beam optical sy~tem .. :'.::;··: .. ·:·. '· , which employs the 

single optical path o.r pencil 9~·: <{tght., has an advantage 

that an optical identicalness is/ ma¥nt~ined or assure.ct at 

time of measuring the reference' Fceil and at time of the 

sample cell, except for the densilf.§ 6-i the sample inside the 
;.; .. ;; . /.: . ··' 

cell. 
: ..• ~: ~- .. 

However, a blank calibra:tioh>(.zero-calibration) of 
: _;=i: -;'. 

the optical density measuring· app_ar~,tui:r belonging to this 
: ·:-,~;;~:.-::.-.. . '.. . . 

type has. to be periodically exectit~d \n. order to guarantee 
·=-.;~_:.:. · .. ' . 

·::·.,: "'·'..':" 

~<; ::::> .; 
'·; .· ·:'.·>" 
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the identic~'i~~~~;\thereof for a l~?g .ter;rn, a.nd a user has to 

take a trow:ii~?:f'.C)'replace the sample: with pure water for the 
: -~·. ·,-_··: : .. · ., . : .. ::? . 

calibration..:-.-_:: .:As a result, this leads to a problem of 

reduction in(-~~:~-urement efficienc¥ Q_f _I,D.¢.asuring the optical 
. <''.,,:: <. ·:~; ~r·: .. 

density of t~-~--s~~ple. 

.A.1sb;; /-~p additional device or structure for the 

replacement q-.6f ;:;:Tthe sample wit;.h tbe pure water is 
''·~> :· .. ·=: .. :."",: ~:. 

indispensa.1:)1~) ah.d..:. this leads to another problem of high 
·.·.:·.• ... ··: :.:', 

cost of the;~p~~~~tus. 
·Fufi:h~filiqre, in case that even a little amount of 

'' . ~ :··: 
:. ; .\'.',:;~:-.:~: -~-.\ :· :: '· . 

the samplererttain~Yinside the cell when replacing the sample 
.· <::::: .. _:· ,·; ': ··: :::,··::: .. 

with the p~r:e<: '.\~'ater at time qf executing the blank 

calibr(ition~ .,;,-t~~;·-:!:'-;reliability Of the blank calibration 
' ·-:···· ;_.--:~: .. : ·, ·.·· 

accura¢y is ~~~~f ~-~d. 
15 Me.~b~~"if~, there has bee6 suggested an apparatus 

20 

25 

.: ... :;·.;·-.:· .. : 

of the type.·.::Sii'.tl.t- the single-beain optical 
····'':"• 

system which 
... :-.. -~::::3~·.:f<:": ·: .... 

employs a ce;tL-Ca'.l,led a cylinderi.dal type variable-length 
:>.·> .< .. :_:·;,; _ _-::;:.:.· • .. '. 

cell (ref er £6~. J~p'~nese La:id-Op~n ~~tent Publication No. 4-,_ .. ,_>·· ··· · .... ,.... . .. . :'.. .· .· . 
.. · .. :. ·:::~::.-·~.>- ·. :>:; 

1556) • This, #yii~<iE!rical tyPe V:ar~able-length cell changes 
;: . .. . .·:·,,. -: . '·: . . . . . :~··. . . 

the position, p;~:?~J~-~,f:-~ton therein' to(~llow the thickness of a 
,. :·.· .. :.· .. ':····· ·'' ·' 

cylinder spac$)-~·,1b. ·wh_ich a sample i~j~µt, to be changed into . 
. :::·~'.-./: .. \~~-<.:.~:: -.~.- .. '.!_'._.:.•~ .. :: : 

a reference· q~ii~E_ <(ength and a sami:>le- . ce11 length. 
. :·,:--:::-~·;~: ::·:.· :'· j. :: . :J,:/ . .:. ~= .. r:; 

apparatus ha.~::.:,:_'~#S.-:;~d,vantage that ~~j; '.necessitates no 
. >: .· . .!.~;·",..:',;'": .: ;. . . ·.... .\ !! . ~ 

This 

pure 
.. ;';;_..;_'.: _;~: ·.-. ·. : .· .: . ' 

water for tli.Ef·L;biaI).k calibratioh},>;>however, it is very 

difficult to ~~{-~t~~~ the piston ''at }~\predetermined position 
._: .:?::::;./ ..... ··.:·. ·.·~ :<;_:. ,.- ... 
. . · .. ·.·.·· .. ':.:} .. ·:-{.\><:·: ... , ... 

. ,_ :··.:_,..:: 
. J:_;·'.-_: ·.: .....• ::·_ ..... ·:/: ~-~ 

'· ' . ---~= · ... · .. -:,-. .Cf:·: '/; 
"'·-~ ·j~f _;;: ::· . . :_-.:>.:. : 

.: ·-.~-:-.:.·:· 

.. ·. -~~::~~-~~;;.-.::·_. -~ : :/:: ""::,:~: 
. ---~- . _,:"'.'.};::;:'~,~- :·. •" 
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with high ac::gµr'acy for ~ long J>¢riod. Therefore, the 
.: .. , .: 

·. .· . 

apparatus has· n9t. yet been put int~ practical use.· 

On tll,_e .other hand, the apparatus of the type with 

the double-be~fu,'. optical system i·~ . . i!lt~nded for solving the 
:-.-._·. 

5 aforementioned·:; problems of the t-~~ with the single-beam 

optical syst~; ~thereby obviating :the need to carry out the 
-:··.'.·" 

blank calibration.ei:nploying the pure water. 

The ·j:.:YPe with the 
··:::- :-: 

·=<-·;:'' 
··;."-

douple-beam optical system 

includes a type,::·:of apparatus in which a measurement light 
·.··:·· __ :: :. 

10 emitted from a,.>fight source is directly split into two 

optical paths or pencils of light from the beginning, in 

which a ref er~nhe cell and a sample: cell are positioned in 
·. : ; ~-: : 

the first penc;i.'i>·of light and the ·.-second pencil of light, 
.·.·.;.··· ··-.. : . . . 

. ··,· 

respectively, iA!>:~l'lich identical sainples are put in both of 

15 the cells, and.>iri'. which the lights that have passed through : : : ·. ·'.' . ~·· . . .: . . 

the cells . are .. f.~6e4·ved by an optical detector or optical 
. ·.:·.·: ,,-
.::'·'._ ... , .. :. 

receiver (refer }tcf\Japan~se Laid-Opeii: Patent Publication No • 

3-223654). .. ':t'l1fs ... apparatus has· .·-:an advantage that it 
. ·-i~·-:.:.· .. :. 

necessitates nq_·~--·-~P,:·l.;~ water for bf~~~ calibration, and an 
• . .· ·.::· .. :'::.:_:-.. ·· .» . ,.·.·:·:,,._·=>_: .. 

20 advantage that ·both of the cells a_re, stationary (or fixed) 
•.··: :: ·-: ~-··: 

and are provided.;~ith ,no movable .p()fti'i>~. 
. . . . ,_ ~ . . ' . . 

· .. -.,/ '· . ; 

Howev¢:t;.(._ . t'he the 
>_··~· .. ·.·. ·~;.: ..... 

measuring light .. frdfu • the light sou;fb~':F.into the two partial 
.; .. . . .' 

source 
.··., ' 

is · id'ehf:ib~':iL 

twi'ci·P~Jici~s oi ·tightf:\';~ven though the light 
., :_./.~:· ·:: 

lights (i.e. 

25 Therefor~~/\' the homogeneity or 
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identicalness of the two diverge<::l :'optical paths, or penc;:ils 

of light, is not guaranteed at all. Therefore, a 

calibration curve must be prepar~d and made every time the. 

light source is aged, or every time the light source itself 

5 is changed. As is well known, th,e preparation and making of 

the calibration. curve is a troublesome work requiring many 

hours and much burden. 

Therefore, assuring the homogeneity, or 

identicalness, of the optical paths, or pencils of light, to 

10 be used for the measurement of bQ't::h of the reference cell 

and the sample cell is absolti::t,ely necessary for the 

improvement of the accuracy of the m.easurement thereof. 

As another conventional apparatus of the type with 

the double-beam optical system,. , which seems to somewhat 

15 solve the aforementioned problem, tJ:iere can be enumerated an 

apparatus disclosed in Japanese Laiq~Open Patent Publication 

No. 5-332933. The essential p~p~. of this apparatus is 
.·.·. -~.-:-.. : 

schematically shown in Figs. 1 and:::z:~: 
::--··· ·.<. 
:.__;_. 

This apparatus has an C>pti.cal system including an 

20 infrared light source "O", a shutter:> "S" for taking part of 
,;;:"_~~- .. :<·:. 

25 

light out from the light source ,~~,Q~')_; a mask "M" having two 

apertures "Ml" and "M2", a collimator' lens "L2" a reference '' ·• .·.. 'i: ' 
• %· ••• :;:: 

cell "Cl,, I a sample cell "C2", ah': ipterference filter (not 

shown) , a focusing lens (not showrilf:qmd an optical receiver 

or optical detec-t;pr (not shown) . : '.i,k·,this optical system, an 

(~:~' . . 
' ' . 

• ·'.=. >:.·.· 
·' ·<· {"):::· ' 

:_:;·:·.<,·>:.:. 



5 

· . .. : . . 

6 

····.:·. 

infrared m~(3.suring light emi tted.")from the light source "O" 
·.:·.'· ·.·.::.".·.:::·.-.:· 

:: ·'\ :· 

pass limitedly through a regioh,·:,~()f an opening "Sl" of the 

shutter "S" located ahead. In th~- ,figures, the opening "Sl" 
··.( 

is ~ocated i:rj.>an upper position. 

In the figures, the infrared measuring light that 
. . ... •, . 

has passed t6rough the opening ~~s:i!' -further passes through 

the first aperture "Ml" of the <:mask "M", the travelling 
: .. :.::.· 

pencil of th~ .. :tnfrared measuring l~ght is transformed into a 

parallel pen¢_.:L1 of light by the C,q>l;Limator lens "L2," and 

10 then the parallel pencil of +*ght passes through the 

reference cell:-Cl. 

On. the other hand, when\·the opening "Sl" of the 
. J:·· 

shutter "S" -~bves to a lower pq§'i ti.on (not shown}, the 
: .; .. <. 

infrared measµring ligh.t emitted f~~m the light source · "O" 

15 passes througb,i_:the second aperture '~2" of the mask "M", the 

20 

25 

·.·: 

travelling_ p~Rcil of the 
.. :.-.:. 

inf rar~d 
. . ·~ :. 

measuring light is 

transformed· J~to a parallel perl:cil of light by the 
··:.:·.· 

··;··. ;_ 

collimator lens·.: ''L2, 11 and then the.\~arallel pencil of light 
::·.; .. :. 
.. ,,. ···.::··· 

passes through ',the sample cell "C~/1--:((~ detailed description 

about 
·:: .. · 

subseque{r1t processing of fl'l~; . transmitted measuring 
( ~- .. 
• •. ·: •· .. 7 .. ~ . 

light is omi tt~a below}. : :. ·. :-.. 
·. ' ·.:··. ," ~ : ;: 

In ~!{e optical system C;>f ._t~e apparatus shown in 

Figs. 1 and ~i the two split :pa~alJel pencils of light, 

which are der;i.:v-~d from one pehtiL.;0£ 'iight emitted forward 
~ ·> : : _:. . 

from the l·i:gh~>: ~ou+ce 
'·. ~- ···.· . 
. . :::~-·· 

·/ .. ···· 
.·-;,.:_:.·· 
... ':_:_·:~: 

':_-:·:: .. :::::.-:· 
. ~ .. -~ .; 

.· . --~·· 

"O, ,, are us~'d \as a light that passes 
. ·,::· ... · 

'/~.-{::,_ 

. ·:--·.' ~--~'-· .............. 
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.:(. .. :·,.· ... ·.·· 

through. the ,;i~ference cell "Cl". and a light that passes 
.. ;·,_:::.-<·;·;._;;'. 

through the -~·a:mple cell ''C2", resp:ectively, by employing at 
.. ..'. . ~ : ... ~- :·. ·. 

least an ict~ritical optical COI11?,onent. Therefore, the 

homogenei.ty, ,~'f"·identicalness, of· l:>oth of the split parallel 
... :':: 

5 pencils of. ligfrt: is presumed to be guaranteed considerably. 
··'. .. _:: . ; ~ ·: : .. : .. : 

10 

Howe:Ver, if a measuremept: with ultrahigh.,...accuracy 

is desired, :~i1~ this apparatus ca~ot realize a sufficient 
..-:_:: 

,"':'·:·:· 

homogeneity b'~':; idneticalness of . the two split parallel 

pencils of li~~~-~ employed therein.·· The reason for this will 

be described b~'i.ow with reference t<::> Figs. 1 and 2. 
:;..:;>}\~i-

be generally . :considered that, if an 

identical light(~ourc~ is used, id~I;r!:ical fluctuations arise 
.., .. .··;:.· .. :· .. ::. 

:·.··,.· 
. ·;:::··:;··· ... · 

simul taneous~y·<;T:n the two parall~l pencils of light with 
····:::\··"<<; 

respect_ to a <fiuc:tuation in light :~19-ission intensity of the 

1s light source. ···~.H:owever, strictly speaking, the light source 

20 

25 

·· ..... ::-:· 
:~ . 

·:·· ... 

has a ·specifl~d\ area with respec:f .. to the entrance pupil 
,-;· 

diameter of #~~}::;gptical system. 'i'~~:tefo_re, the improvement 

of the : accura.•dy·'~f measurement cam~~~ be realized unless the 

optical systeJ:[l+;ls constructed by t~king into consideration 
.·"·"'. 

'.·.· .. 

the fact that','.th.e optical informat~6n of the intensity, and 
=.··....:·. ,,,,::;' ~ 

.·.::·:.'·· 

so on, of th~·::,;·~l}.frared measuring ''}]light emitted from each 
'"·.·';:"·:'· 

. '·'.:: .. :.·· ,:·:'.i•'.:\.:_:· 

luminous point'./~'bqnsti tuting the . specified area. differ~ at 
; . ~ . ,···; 

each luminous.'pQ:i_nt. 
_. •·· :.;" v.:" ' .. • 

source ''O" shot.in in 
.":·:··:· . 

Figs. i and .·Th,~ ... )il~ht 
: ~.::'.: :.~:: : ·\. ·. . . : ('" 

inc],µdes. a ; f'flamezj.t "Ol" that serv~~- as an illuminant. 
"").· 

. : . · .. :· y~;.: . 

·~· : .. :. . . .·-~ 

2 

In 
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Fig. 1, the center of the fiiam~~t "Ol" having a specified 

area, and the point two 

apertures "Ml" and "M2," are both'located on an optical axis 

"P." In this construction, an: · infrared measuring light 
···: .. · ·· .. 

5 emitted from the point of the c~ht~r ''02" of the filament 

"01" is limited by the mask ap~~tµres "Ml" and "M2," and 

then the two split measuring light~'·. are made to pass through 

the collimator lens "i..2" so that . the two split measuring 

lights are transformed into two -split parallel pencils of 

10 light "Bl" and "B2" symmetrical· relatively to along the 

optical axis "P." That is, in a. 9ertain measurement space 

of 'the cell "C," the.· pencils of ,+~ght "Bl" and "B2" can be 

regarded as lights with an identideiJ quality. 

On the other hand, ther .·.infrared measuring light 

15 emitted from an end "03" of the f:L1ciµtent "Ol" is transformed 

20 

into two split parallel pencils of ;light "Dl" and "D2" in a 

similar manner, as shown in Figs"'' i . and 2. As is apparent 
.. ·. ··-··· .. ·.'."' . ·.:·: 

from the figures, the pencils of. i:~f~il:t: "Dl" and "D2" are not 

·symmetrical relatively to the 0~1:1(;_al axis "P", and are 

unbalanced. 
;:· . :.~ .:·: ,{ :· : : 

That is,· if a pair of:/ap~rtures on the .mask are 
·. :'':' .. 

arranged on the basis of. a mere ~J:w~·le conception that only 

the symmetry of the apertures r~J..~~i¥e to the optical axis 

is essential, then the tw~ penc~!~. l~f light "Dl" and "D2" 

may ·pass throm;}h asymmetrical>'>;af$.as (i.e. areas not 
: . · . .}: -~ .. ~ ... . : 

25 symmetr~cal relative to the op~_±C::~i axis "P"} of the 

. ;.:·'··.:·: 

:,·; 
. ~: : . 

. ·.,· ::·· .. 
. ; __ :.'.:: 
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measuring ~pace in which the cells "Cl" and "C2" are 
· ..• 

positioned. 

A,.further problem may arise by a positional shift 

of the filcilnent "01" when the l,ight source "O" itself is 

5 replaced by .another one. Fig. 2 shows a state in which the 

position of the filament "Ol" is shifted from the state of 

Fig. 1. Fig. 2 illustrates a sitll;.ation where an end "04" of 

the filament ''01" is positioned on" the center of the optical 

axis "P". rn· ·this case, the othei; end "03" of the filament 

10 ''01" is largely displaced from the center of the optical 

15 

axis "P." Therefore, the pencils .· o.f light "Dl" and "D2" 

tha:t have be·en limited by the· mai:* apertures "Ml" and "M2" 

are more large~y displaced or shifted from the optical axis 

"P" in the measuring ·space. 

' u· ct·• . . t .. t t.... 1' t i's possi' ble that n ·er an ex reme si ua .ion, 

the pencil o:f light "D2" that passef.3 through the sample cell 

"C2" may incJ;ude almost none of the: optical information upon 
.::" 

the end "03" o1{ the filament "Ol." 

Cons'~quently, under sucih< a situat'ion, 
.. :-\ 
_;.::· 

the two 

20 pencils of ~ight have optical ih'formation ·with utterly 

25 

different qualities when 
.. ·, '· 

Therefore, t,Ii~ relation 

absorbance m¢,asu.red or 

the source is 
·-.: ·: .. ,.:;; 
"< ••• =~ i: '. ·. 

between>.: <the 
·.· .; 

·.=i::.;:, 

calibrat~ctO\":/ on 
·.·.-.··: 
·. :::· ... ·· 

density 

the basis 

replaced. 

and the 

of the 

optical info:qtli~J;,ion prior to the i~~ptacement of the light . . ~ ' . . . ' '::· .. '. . · .... ~ 

source become:$:.·;µnu~able, which in ttfr:n requires a remake (or 
'.( ...... :::· 

,, .' 

. , . 
.· .. :· .• .'. 

.·, . ·- ,:.: ·,: ... 
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. . : : .. · ~ . . 

recqni$truct~Ori}. qf .the calibration ::curve with respect to the 
.... ~. :~ ': '. ·, .. ' 

replaced ne\.i: i.i9'J;it: ·.source. 

AnOt~·e:r problem is a pqsi t.ional nonuniformi ty of 
_:,.·. ::_:,·,:>· . 

. , .· 

optical p~D.~t"ration characteristics of an interference 

5 filter whiGll· :C~:. employed in th:i.~ type of spectroscopic 
.. · ... ,_.· .. 

10 

~pparatus. :~_;:\~-~pectroscopic filter to selectively allow a 
.·: ':·.-.Y~:·:_:_·<.:' . ·. 

specified wavel~~gth to pass the filter' the interference 
... · ...... , .. :· 

filter is simpi~/ convenient and th.us widely used. However, 

its spectro~_copic ·spectrum characteristics are not always 

uniform on each interference filter. This 
· .... · .. ·.· 

nonuniformity_• -~heI;"eof is in connection with the problem 

concerning : a. '. :~anufacturing process of a multilayer 
. ,·. 

deposition fiimi:-:: . and even the · spectroscopic spectrum 
•.. . · ..... : ;· .. :·,_> 

characteristi~~····t::df a plurality of interference filters 
. : . ; _-:~.· ·· .. }:~::'.: .. ·;~:f. ;: . 

15 manufactured': :t:il,~8ti9h an identical manufacturing process have 

variations iP:°. -~ll~· .. peak wavelength ··and half width thereof. 
· ... ·,··._ ..... 

Further, stJ:'l.df;fy speaking, even.. in one filter, 

spectroscopi¢ ~~h~1:tation spect:rums :are not necessarily 

the 

the 

same, dependi~'q',\~;What part of the :~ilter the light passes. 

20 Sin?~;•>:£he· pencil of l:i.'ght is single in the 

aforementionecf'.fdnventional type oiP the apparatus with the 
·.>\·. ~-,: .. 

25 

.. < .",-"":'.·:. :· 

single.:_beam optfcai:system, the posf:tiqnal nonuniformity of 
·.', .. ·:+,·.;··· 

'."·:· .... · ....... . . · .. 

the interfererice·_·'.\ft1ter is similarly included both at the 
. :·:·(:·. ·_:·.·:=< . .-:'..;~,-: : . 

sample measu.rihg 's-tag,e and at the r¢~erence measuring stage, 

cau.sing no $heh. pJ6~1em as descril:>~d above. 

, •• 1 

<:.·' .• 
:··.·:.:···: 

.... 
-·: 

However, in' 
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. 10 

·~ . 11. 

- . . . 

case that the ."pencil of light is split into parts and that a 
,. 

difference i'~> .spectroscopic spectrum between both the 

optical path$ " is caused, a fatal error arises in the 

measurement result. 
·,:·}· .. :·, : 

The:i~'~qre, it is an important technical object how 

the posi tiona~f ·<nonuniformi ty of the spectroscopic spectrum 

is allowed to·· be uniformly included in both of the pencils 
.'.:-;::.·:· . ."." 

of light. 
.. .. ,._:;·:·_::· 

SUMMARY OF THt'.'.'INvENTION 
.. : ' . ~· 

.·_ ':: 

Acco)::dingly, it is. an object of the present 
.· .. (="·.·. 

invention to p·:r~yide an optical density measuring apparatus 

in which the :hc:>fuC:>genei ty ~r identiqalness of the measuring .... ·· .... ,.· .... '··· ,· .. 

lights is sec#¥~'J: so that the optical information upon the 

light source is>·uniformly included in the measuring space 

15 about the opt:i.¢:~1:, axis, even 'if a fluctuation occurs in. the 

light source the'~E;;in. 

It is:}ahqther object of the present invention to 
. :~· .. ,. 

provide the opfi8.;i1 density mea::;µring apparatus in which the 
·., ,. . ..... 

homogeneity o;i>: \~denticalness of . ·the measuring lights is 
......... 

20 secured even :tf'.:?i1$]iere is a posit:iphal nonuniformi ty iri the 
<.·:.·._.. . ::::;: 

spectroscopic ··.·;.~~P,etration spec.~~tt,.: of the interference 

so that the filter -employ~d}:;:.~.or the spectro~¢:opl.c filter, 
·::-. ":. :. -·~· . :. . ...: ; .: . 

nonuniformity 26'.t ·.the 
· .. · .. :': ... 

penetrat1·9'# F : spectrum is uniformly 

included in th~)fu~asuring spac~/·'.abdcit the optical axis. 

25 In .:;c~lishing these a#d other objects of the 
:'._,,:_: /· .'::: 

.. , .... ·.-,·.-,.·· . -~-

',,· 
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, 

present _invention, there an optical density 

measuring apparatus comprising: C!,:;:-iight source for emitting 
-·-:·.:: .. : 

an infrared ray as a measuring #~Y.;_ ·an interference filter 

for selecting a predetermined w.~v.elength of the measuring 

5 ray that passes through the interference filter; a first 
. . .. ·'.· .. 

lens for focusing the measuring ray emitted .from the light 

source on the interference filter:.; a collimator lens for 

transforming the predetermined way~length of the measuring 

ray selected by the interference · f il te·r into a parallel 

10 measuring ray; an optical mask fc(r splitting the parallel 

measuring ray into a first split Pf:il:-allel measuring ray and 

a second split parallel measuring'. -'ray; an optical shutter 

for selectively passing one of the first split parallel 

measurj,ng. ray an,d the second split parallel measuring ray; a 

15 reference means which is provided.; in a light pass of the 

first splitting parallel measuring '.r,ay; a sample cell which 

is provide<;i in a light pass of tlj,e second split parallel 
._.:/,.:~· .· 

measuring ray; an optical detecto£P.{or- optical ·receiver for 
' . . .;.· :=-.· -: ~-- -: . 

::;}·' . 

detecting the one of the first sp{it::: parallel measuring ray 
. ~ . : ':: 

20 which has passed through the re.fefertbe: means and the second 
.:J 

split parallel ·measuring ·· ray whfdh/'.<has passed through the . 
. .· . . '.;.-, .. .,;.:•' 

sample cell, in order to meas11r~,\j?~~; ,,optical density of a 
.;.,:_.::· .. · 

sample in the sample cell; anci a"\)~ecbnd lens for focusing 

the one of the first split · para11e·fu.,··;·)tle'asuring ray which has 

25 passed thr:ough the reference me~~~< and the second split 
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pa~allel measu:r:i.frg ray which has :-:passed through the sample 
....... 

cell on the optic~l detector. 

In . ·the construction, the optical mask, for 

example, can b:e a plate-shaped m<i~k with a pair of. :apertures 

5 for forming the first split para~J,.~1 measuring ray and the 

second split parallel measuring /r:ay in which the pair of 

apertures are juxtaposed symme:l:rically re la ti ve to an 

optical axis .. 

In th,e construction, the measuring ray (or 

10 measuring light) emitted from the ·light source is incident 
: :,· 

upon the collimator lens after the image of the light source 

is · formed on the interference fil:ter as a spectroscopic 

filter by means ; of the first 1$ns; the light is made 

parallel by the collimator lens; the parallel light is 

15 divided or spli~ ~nto the first spii.t parallel measuring ray 

and the second. sp~i t parallel measµring ray by means of the 

optical mask; ori~ ··of the first spi{t parallel measuring ray 

and the second :split parallel me~.$ui~ng ray is selected by 

20 

25 

. <;'_::·.-(~:' ·.·~ 

the optical shµtter; the one ther~9·~; selected by the optical 
.'.:":·'·'.· 

shutter is allowed to pass either one of the 
.. ·\ .. : .. ,:: 

reference means • a,na the sample cei).4'. '.)md the density of the 

sample is measured a.nd calculated :8ii.;.i basis of an amount of 
. . >. ;· ·: .. ;· =.~· ·. ': . ~ 

light passing through the referend~< iheans, and an amount of 

light passing thi.e>ugh the sample. c~~J:,~ 
. ' ~- ·. .· .. :.-. ·.. . ..... : :·~ 

. .. :- .. · .... ,.::: .. ·· . 

cob.§fa?µction, 
;:.:.:.··:,\::·'· 

the optical 
.. .)·":' 

·:··:·: .. 
. . -·' ~ . 

,·:.::-·:. 
•: : : .. ~: '.\ . :. 
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information upon the light sourc;~rr··namely the predetermined 

wavelength, selected by the inteJi:eJ;,~~qe filter, of the ray 

of light that is emitted from ~~C.~ luminous point of the 

light source is uniformly inc1ug:~·d;,··;i1:t the first and second 
·t;."· 

5 split parallel measuring rays <(.i.e. in a pair of split 
:·<< 

10 

parallel pencils of light). 

That is, the informatiozi upon fluctuation of the 

luminous point of the light so.µ:i;:'ce, and the positional 

nonuniformi ty of the optical perte.:t:,rci.tion characteristics of 

the interference filter, are unif~:rmly.and equally included 

in both of the pencils of light. As a result, regarding the 

positional change of the light source which has 

conventionally ·been unable to be c9·rrected, by correcting or 

modifying the equation of operation· by means of one-point 

15 calibration based on the sample me,~:13urement, a high-accuracy 

20 

measurement can be achieved, thus ;:~rinecessary to remake the 

calibration curve eve~y time the l'igp.t source is replaced by 
·,_·:::::' .. ··:: 

another light source. 
. . . : '~ ~; : : . 

Also, according construction, 

spectroscopic spectra 

.· .. ··-,:-.. 
. . ' ~ ~-:~- :.: ,. 

of both :bf'.>< the pencils 
, ·:.~~~:~:::-:r~:::r :;- .. 

of 

the 

light 

coincide wj,th each other. · ~,her~fpre, the fluctuation 
. ·:: '!. ::: .. ···=-:~~ '(-'. 

factors -such as the variation :in\?cFi~ritity of light emitted . :· ~ . ·. ·:• . ' ·' . ···; ; :.,., .. 

from the light source, other :fhdp;·<t~'~ .optical density, is 

completely cancelled in the re-fet:eriq~ optical path and. the 
·····;· 

25 measurement optical path (i.e. samp·I·~·. optical path). 

-5_;_,_·.:··.· 

_:_-.)/~;·:._: 
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Iri· the above constructic)n,. the reference means can 

include a reference cell. In this construction, it is 

possible to provide the reference cell and the sample cell 

as independetjt:{ separate cells, similar to the conventional 

.5 cells, in whidh pure water is put in the reference cell ai:i-d 

a sample is:phf in the sample cell.;, or in which a sample is 

put in both tll·~-. reference cell and. the sample cell . 

10 

apparatus 

reference 

. .. 

Pre:f~rably, 

cq~~·;r:ises 
the optical density measuring 

a single cell housing by which the 

means and the sample cell are constituted, in 
, ... ·::. 

which the q~iK~ housing has a first chamber and a second 
·-.·::··· 

chainber that :p·~hetrate to each other inside, in which a cell 
·· .. :::,.:: 

length of the 'i:irst chamber is shol:'ter.than a cell length of 
"·' .. :·;,_ : .. ·.~ 

the second ch~iilher, and in which·· a reference cell of the 

15 reference mea!i~> corresponds to the first chamber while the 
··. · .. ::::--· .. 

sample cell · cc:>:ff:~sponds to the secon_d chamber. 

·rn·t~fs construct.ion, . ~he.sample is concurrently 
·1';·.. ··'.;'.:-"·' 

··:·:.:';· 

or simultane9u~ly introduced intci·•· the first and second 

chambers withC>ut demarcation. T~e quantity of light that 
.::·.;: 

20 passes througJ:i}the reference cell i~iiq- the quantity of light 
::·,-_,;;:· : ·'· 

that· passes t~~Rugh the sample ceii~'.: differ on a bas;i.s of 
~ :: ~:: ' 

difference in th:eir cell lengths . 
.. ·.-:::.i:'i;· 

Accori'.iing to the.constru2.tiC>n of the cell, the one . \ ...... -.--.·,.. .. '· .: : .. : 

single 
·.···'. .. :?,:· 

cell '.j:"f:f. . divided by 
::.:_:_)'.;.:. 

the· '.({~~o chambers into the 

25 

... ·.~·-~· ... : :..: 

reference Cell.:i'.'~hd the ample Cell;·· ::;l"~ely I they are not the 
-~; .. 

. ·.·.·· . ,·· ... ; 

. ,._, ... _.···,: 
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mutually independent cells. And, the two cells have a 

positional relation in which the two paraxial split pencils 

of light penetrate or pass through the cells, and in which 

both the cells 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. 

10 

Also, in the construction, the cell is made of a 

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 light 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 
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optical refraction index adjustment block that has a 

refractive index equal to or approximate to that of the 

sample and has a light absorption characteristic different 

from that of the sample, can be mounted (for example, 

5 inserted) in a first portion of the cell through which the 

aforementioned first splitting parallel pencil of light 

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 length 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 
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corresponds to the second chamber. 

According to this construction, the two pencils of 

light penetrating or passing through the first portion and 

the second portion of the cell (i.e. the light penetrating 

5 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 

mea·surement. 

15 

In the construction, the reference means may be a 

block made of glass. 

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; 
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Fig. 2 is an explanatory view similar to Fig. 1; 

Fig. 3 is an explanatory view of an essential part 

of an optical system of an optical density measuring 

apparatus 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 is an explanatory view similar to Fig. 4, 

10 where the shutter and the focusing lens shown in Fig. 3 are 

omitted; 

15 

Fig. 6 is an explanatory view showing solid angles 

of pencils, or beams, of light emitted from a light source; 

Fig. 7 is an explanatory view similar to Fig. 6; 

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 alrernati vely employed in the optical system shown in Fig. 
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3; and 

Fig. 13 is a view showing an essential part of a 

cell, according to a third modification, which can be 

alternatively employed in the optical system shown in Fig. 3. 

5 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. 

10 First, referring to Figs. 3 through 8, the 

description is made below upon an optical density measuring 

apparatus according to the pref erred embodiment of the 

present invention. 

Fig. 3 is an explanatory view showing an optical 

15 system of the optical density measuring apparatus of the 

preferred embodiment of the present invention. Referring to 

Fig. 3, a reference numeral "O" denotes an infrared light 

source. A measuring light emitted from the light source "O" 

travels through a measuring area to an infrared light sensor 

20 or an optical receiver "R." Optical lenses "Ll," "12" and 

"13" are arranged in this order with a line connecting the 

light source "O" 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 

25 emitted from the light source "O" reaches a focusing lens 
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"Ll," and is then focused on an optical filter (interference 

filter) "F" by the lens "Ll". This filter "F" is 

constituted by a rotation plate "F2" with a specified number 

of interference filters "Fl." 

This interference filter "Fl" selects only a 

specified wavelength which is passed through and/or absorbed 

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

plate "F2" has a predetermined number ·of interference 

filters "Fl" 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 "O" and passed through the focusing lens "Ll," is 

focussed on a selected interference filter "Fl" of the 

filter "F." 

The infrared measuring light that has penetrated 

or passed through the interference filter "Fl" diffuses 

20 again and it reaches the collimator lens "L2." The 

collimator lens "12" is positioned ahead of the filter "F" 

at a location at which the collimator lens "L2" is away from 

the selected interference filter "Fl" with a distance 

corresponding to a focal length "f" of the collimator lens 

25 "12." With the arrangement, a pencil of light incident on 
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the collimator lens "L2" is sent forward as a parallel light. 

Just ahead of the collimator lens "L2" is arranged 

an optical mask "M." A front view of the mask "M" is shown 

in Fig. 8. The mask "M" is provided with a pair of 

5 apertures "Ml" (which is a "first aperture") 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 "Ml" of 

the apertures "Ml /1 and "M2" is equal to a distance in 

10 diametrical direction between the center of the mask "M" and 

the other "M2" of the apertures "Ml" and "M2." The first 

aperture "Ml" is an aperture (i.e. diaphragm) for forming a 

reference pencil of light; 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 "Ml" and 

"M2. /1 In Fig. 8, the mask "M," the first and second 

2 0 apertures "Ml" and "M2," are shown by chain lines, 

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 "Sl" and a second 

25 opening "S2" which are located oppositely and asymmetrically 



---------·---· --- ·---·-··-·- ··-·----·---··-"_" __ _ 

23 

relative to a center "S3" of rotation thereof in its 

diametrical direction. Fig. 8 shows a state in which the 

first aperture "Ml" of the mask "M" and the first opening 

"Sl" of the shutter "S" are aligned with each other, and the 

5 second aperture "M2" of the mask "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 "Ml" 

is screened by the shutter "S." 

A cell "C" is arranged in a measuring area 

provided ahead of the shutter "S." This cell "C" is 

constituted by integrating the reference cell "Cl" 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 "Cl" and a chamber cons ti tu ting 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 "Cl" 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 
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pencil of light that has passed through the first aperture 

"Ml" of the mask "M" passes through the reference cell "Cl," 

while the sample pencil of light that has passed through the 

second aperture "M2" of the mask "M" passes through the 

5 sample cell "C2." 

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" is 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 lights, are focused on the optical 

receiver "R." 

15 In comparison with the prior art illustrated 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 "O" is 

20 transformed into the parallel light by the collimator lens 

"L2." It is to be noted that, according to the pref erred 

embodiment of the present invention, the measuring light is 

not split into the reference pencil of light and the sample 

pencil of light, before the light emitted from the light 

25 source "O" is transformed into the parallel light by the 
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collimator lens "L2." The effect and function in accordance 

with the construction of the preferred embodiment will be 

described below in detail with reference to Figs. 4 through 

7. 

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): 

Ib = Il x exp(-a x bl x c) x exp(-an x bn) x y ••• (1) 

and 

Is= I2 x exp(-a x b2 x c) x exp(-an x bn) x y ••• (2) 

where 

I, Il, I2: quantity of light emitted from light source, 

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, 

b: cell length (cell thickness), 

c: density, 

an: light absorption coefficient of substance other 

than component to be measured in the measuring optical 

system (for example, light absorption coefficients of 

25 materials forming the cell, the filter and the lens, and 
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light absorption coefficient of dirt adhering upon them), 

bn: thickness of substance other than component to be 

measured in the measuring optical system, and 

y: fluctuation in detected intensity (fluctuation in 

5 sensitivity of the optical receiver, and/or fluctuation in 

quantity of light). 

10 

Based upon the above equations ( 1) and (2), the 

density "c" can be obtained by the following equation (3): 

c =-In ((Is/Ib) x (Il/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 light source and that are made incident on the 

apertures "Ml" and "M2" of the mask "M"; i.e., the figures 

show the fluctuations in luminous 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 "Ol" 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 

20 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 "Ll," the interference filter "Fl" and the 

collimator lens "L2" in comparison with Figs. 3 through 5. 

As shown in Fig. 6, the solid angle "j31" of the 

25 pencil of light "El" (i.e. pencil of light being incident on 
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the aperture "Ml") and the solid angle "P2" of the pencil of 

light "E2" (i.e. pencil of light being incident on the 

aperture "M2"), both of which are emitted from the luminous 

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 "f31" of the pencil of light "E3" which is emitted from 

the luminous point "04" locating away from the optical axis, 

and the solid angle "P2" 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 light 

intensity etc. This means that the above "Il" and "I2" do 

20 not always coincide with each other. 

According to the present embodiment, the 

measurement light emitted from the light source "O" having a 

specified area is first focused on the interference filter 

"Fl" of the optical filter "F", and the diffused light from 

25 the body of the interference filter "Fl" is transformed into 
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the parallel light by the collimator lens "L2." Thereafter, 

the parallel light is split into the two split parallel 

pencils of light: the reference pencil of light and the 

sample pencil of light. 

luminous point of the 

Namely, the light emitted from each 

light source passes through an 

identical point of the interference filter "Fl" 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. Al though Figs. 3 and 4 do not show the focusing lens 

"Ll," the optical filter "F" and the shutter "S", it is 

posBible to consider that the illustrated light source 

filament "Ol" is actually superimposed or overlapped on the 

interference filter "Fl". 

15 In Fig. 4, the center "02" of the filament "01" 

having a specified area, and the center of symmetry of the 

two apertures "Ml" 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 to 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 "Fl" of the filter "F," passes 

through the collimator lens "L2" where the light is 

transformed into the parallel light, and is limited by the 

2 5 pair of mask apertures "Ml" and "M2" so that the light is 
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split into two parallel pencils of light "Bl" and "B2" 

symmetrical about the optical axis "P." That is, it can be 

considered that the two parallel pencils of light "Bl" and 

"B2" 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 "01" is transformed into 

the pair of split parallel pencils of light "Dl" and "D2" in 

a similar manner, as shown in Fig. 4. Namely, according to 

10 the embodiment, the pencils of light "Dl" 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 "Fl" 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. 
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Explaining in more detail, Fig. 5, which 

corresponds to Fig. 2, shows a state in which the filament 

position is shifted from the state shown in Fig. 4. Namely, 

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 "01" 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 "Dl" and "D2" emitted from the luminous 

point "04" coincide with the pencils of light "Bl" 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 "Lil" is defined with 

20 regard to the pencil of light emitted from each luminous 

point of the light source, then the quantity of light 

absorption is uniquely determined with respect to the 

density in each split optical path. 

Regarding the "Il" and "12," it is nothing but the 

25 result indicating how many times (or how many beams of) the 
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unit pencil of light "AI" have reached the optical receiver 

"R" in the optical system. Therefore, the density can be 

uniquely sought or found from the value of measurement, no 

matter how the "11" and "12" may be varied as a consequence, 

5 by calculating the result in terms of the unit pencil of 

light. 

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 "11" and "12." 

First, it is 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 IbO/IsO is measured. The measurer cannot 

directly know the intensity of penetration (or transmission) 

of the unit pencil of light "AI." However, it can be 

20 considered that: 

"Il" = unit pencil of light AI x a; and 

"12" = AI x p. 

Therefore, 

"Il" = (a/P) x I2 can be obtained when Il/I2 is 

25 converted into the unit pencil of light. 
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Therefore, the aforementioned equation (3) can be 

replaced as follows: 

c =-In ((Is/Ib) x (a/~) )/(ax (b2 - bl)) ••• ( 3 ' ) 

Then, K = a/~ is obtained by substituting into the 

5 equation (3') the measurement values of IbO and IsO 

10 

satisfying c = O. From the relation, a calibration curve 

including "K" can be formed, on the assumption that "K" is a 

constant value. 

ratio 

Namely, the calibration 

between the quantities 

curve is made from the 

of light obtained by 

multiplying the quantities "Ail" and "AI2" of lights that 

pen~trate the optical paths of the standard (or reference) 

unit pencil of light AI by "a" and "~," respectively. The 

density is uniquely determined from the ratio between the 

15 quantities "Il" and "I2" of the transmitted light. 

20 

25 

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. 

In this case, it is assumed that: 

Il' =a' x AI; and 

I2' = f3' x AI, 

where "Il'" and "12'" are new transmitted pencils of 

light, respectively. 

Under this situation, if measured signal 

) 
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intensities "Ib' 11 and "Is' 11 directly applies to the above 

equation (3'), then the measurement value becomes a value 

which is different from the true value. For example, the 

density does not become zero even when pure water is 

5 measured, and a different value would be calculated or 

obtained. 

The reason why the values of "Il 11 and "Il' 11 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 Il'/a' of the 

transmitted lights, are the same. 

Therefore, under this condition, if the quantities 

of lights IbO' and IsO' 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: 

20 

IbO' =AI x a' x exp{-a x bl x c) x exp(-an x bn) x y 

where c = O; 

IsO' = AI x P' x exp(-a x b2 x c) x exp(-an x bn) x y 

where c = O; and 

c =-In ( (Is0'/Ib0') x (a'IP' l )/(ax (b2 - bl) l. 

According to the above equations, the value of 

a'/~' can be obtained. And, if "K11 in this state is 

25 corrected to: 
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K = a'/P', then, 

the density can be obtained by means of the calibration 

curve including "K" that has previously been made, without 

remaking the calibration curve. This means that the 

5 measurement does not receive any substantial influence, by 

executing the calibration of pure water when the light 

source is replaced. This also means an overcoming of the 

fatal drawback of the conventional measuring apparatus of 

the type with the double-beam optical system. 

10 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 

15 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 

20 refraction) of light 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 light; 

25 consequently, there arises a difference in posit~ons on the 
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optical receiver "R" to which the beams of light reach via 

the two cells, as a result. 

The measurement accuracy and/or variation (s) 

thereof of the optical receiver "R" is affected by a 

5 positional nonuniformity that cannot be actually ignored, 

and it becomes one of 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 O. 2 mm with 

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

measurement wavelength of 1. 5 µm 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 

25 

axis "P". This aberration is a phenomenon that cannot be 

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

apparatus. 

In order to solve this problem, a first 
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modification of the cell shown in Figs. 9, 10 and 11 is 

provided. 

Namely, Fig. 11 is a plan view of the cell 

according to the first modification which corresponds to the 

-S 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 

"Cl" 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 le_ngth 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 

semiconductor cleaning liquid) is mostly 

example, a 

made of water 

25 (refractive index of light: 1.32); therefore, a quartz glass 
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{refractive index of light: 1.45) can be selected as a 

substance having a refractive index close to that of water. 

On the other hand, if the sample is a food oil 

{refractive index of light: 1.52), then BK7 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 is 

substantially reduced to a swerve of not greater than O. 05 

mm, thus solving the practical problem in connection with 

15 this swerve. 

20 

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. 

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 in connection with the preferred embodiment 

25 thereof and modifications to the preferred embodiment with 
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reference to the accompanying drawings, it is to be noted 

that various other changes and modifications are also 

apparent to those skilled in the art. Such changes and 

modifications are to be understood as included within the 

5 scope of the present invention as defined by the appended 

claims unless they depart therefrom. 
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WHAT IS CLAIMED IS: 

1. An optical density measuring apparatus comprising: 

a light source for emitting an infrared ray as a 

measuring ray; 

5 an interference filter for selecting a 

predetermined wavelength of the measuring ray that passes 

through the interference filter; 

a first lens 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 light 

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 
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ray which has passed through the sample cell, in order to 

measure an optical density of a sample in the sample cell; 

and 

.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 ~pertures for forming the first split 

parallel measuring ray and the second split parallel 

measuring ray in which the pair of apertures are juxtaposed 

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 
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are 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 housing has a 

cell length that is shorter due to intervention of the 

5 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 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. 

s. The optical density measuring apparatus as claimed 

in claim 1, wherein the reference means is 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. 


