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INTRODUCTI ON

color  f l1 ters,  general ly  speaklng,  are p lates of  c tea!  t ransparent  naler la ]s  such as
elass,  p last ics,  or  eelat ln  which t ransni t  l1ght  se lect lvery 1n the sense thar  lhey
transnlt nore lleht 1n sone parts of the vlslble spectrun than rn alher parts. The
legion of  h lgher  t ransnls6lon detendnes the color  appearance.  A red g lass appears red
because 1t transmits a conpar.atively laige part of the red lieh! and absorbs a compara-
ttvely targe part of the blue and green 11eht.

Color  f l l ters are sald i to  " lsotate '  a  spectra l  wave bsd i f  they t ransnr i t  l lsht  exctu-
slvety 1n one lldlted band of the spectrlun and absorb all the llght outside of thls band.
Such f l l ters axe usuauy cal led broad-band t l l texs 1f  the lsotat ;d band has a specr la l
wld ih of  approxlmately  50 ndl l1mlc lons or  nore.  They are car led narrow-band f l t ters, , i f
t h e  b d n d  w l a t h . . I s  a D p r e c l a b l y  t e s s  l h a n  r o  n t l l l n l c r o n s ,  a n d  t h e }  a - .  o e s , g n a t e d  a s

monochro(a l lc  l f  the lso lated band Is  so narrow that ,  when v lewed 1n t ranBnl t ted wht te
11Ah! ,  they g lve a color  appearance r {hIch Is  c lose to a pure spectrw color .

Up t111 a feu years ago,  a l l  co lor  f l l ters conslsted of  co lored e lass (or  eetat ln  o!
p last lcs j  whlch owed 1ts color  ef lect  to  color lng agent€ d lssotved or  suspended 1n the
glasB.  Such colored Alass,  howelef ,  nost ly  t ransmlts  1 lshr  over  a wlde spectrat  range,
Therefore,  1n order  to make up narrow-band color  f l l texs f ron colo led e la ls ,  t t  1s d;c-
essary to use conblnat lons of  at  least  t$o g lasBes,  one to cut  of f  towalds ibe ]ong-
wavelength s lde,  the other  towards the shor t - ravelength s lde.  In  th ls  way,  l t  ts  pos-
s1ble,  wl th the a1d o l  the ava1lab1e colored gtasses,  to  nake up nonochronat lc  f t l ter"€
of  30 n l l I1mlcrons r ld th o.  less In nost  paf ts  ot  the v ls lbte spectrm, and f l t ters of
th is_klnd are wldeLy used.  However,  the lu ,n1nous ef f lc lency of  such f , r l . ters 1s conpara-
tlvely low lnasnuch as they mostly do not tlanshlt rrore than l.OF of the 1lght even ;rt
rne waverengtD at  dhlch they have lhel r  rax lnun t ransnlss lon.

Cot lp lete1y new hethods of  p loduclng color  t11ter .s  have been devetoped dur ,X.ng the last
f l f teen years.  The lso larron of  wdve bande -Ls achleved by ih ler ference of  I lght  waves ln
passhg through very thln layels of sullable naterlaLs, r'ather than by comblhins sl_as-
see. that  conta ln colorLng agenrs.  The pr1nclpte,  of  c6ur€e,  18 otd and wldely;ndount-
ered 1n nature.  The coLor of  the $1ngs of ,  a  but ter f ly ,  for  1n6tance,  1s pa! , t ty  produced
by a lhln fllm on an opaque background. Cotor ettects wlthout plgme;tatlon or'c61or.tng
agents can a lso be obselved tn soap bubbtes and 1n th ln f1 l rns of ,  o l t  on water .

Color  f ,11ters con8lBt lng of  co lored g lass or  geLai ln  absorb the l1ght  whlch they do not

Color  F i l ters 1n General

t lanBmlt.  A f l l te!  of  thls klnd, 1f  1t  t ransmlts,  fo-r  rnetance, batween 420 anal 480
rdl l ln lcrons, w111 appear bfue no rnat ler,1n h'hlch rotat lve posl i lon to ihe l lsht souto ihe l l8ht sourcol lL l I lmlcrons,  wI1I  appear b lue no nat le .  th  snlch retat lve posl
1t  1s beh8 v lewed.  Inter ference f l l te ! 's  r ,e fLect  rost  of  the t lght  whlch thei  do not
t ransmlt .  In fact,  the lMlnols effect of  Tia- i6f ,Lected t tght 1s nuch strongar than
that of the transnltted Ij.ght, tbe latler coilprlslng onLy the narpow lsolateal band,
the fornrer conprlslng aLl the other v1sIb1e t-Ight. [herefore, under nost vle1,r1ng
condl t lons,  an ln tef ference f11te!  r r111 have the appearance of  an atmost  coto! ' tess
nl r ror .  I ts  co lor  ef fect  oan only be observed 1f  1t  ls  v lewed exclustvely  by t rans-
ml t ted ] lAht .  th ls  can be achleved best  by obselv lng a source of  whl te 11eht  wl th the
f l l ter  hetd c lose to the eye.

The Pr lnc lp les of  Tnter fe lence Fl l ters

there are two ways 1n whlch lnterference of l1Aht raves cah be rdade use of to produce
color  f l l ters.  The most  wldely used hethod Is  based on the pr^hclpte of  the F bry-perot
Inter feroneter .  the ln ter ference e l fect  1s obta lned as a resul t  o f  nul t lp1e lef t ;c t lon
on two h1eh1y ref lect lng but  par t la l ly  t ransparent  para l le l  netaulc layers.  h th ls
way, the 1so1atIon of a narrow wave band 1s adlleved as exptalned 1n further delait be-
]ow. lnterference futers nade on ihe baBls ot the Fabry-Perot pr1nc1p1e w11t here be
cles l8nated as FP f11ters.

h the othe! method, the netal11c layers are replaced by alternatlnA layers of hlAh and
low indlces of refractlon. the nultllayer nethod resutts h a shart cut-off towards the
one or the other slde of the spectru, and nuttllayer lnterference fltters are sohelInes
enployed just  for  cut-of f  purposes (dtchro lc  f l l rers) .  dowever,  by conbln lng two nuM-
laye! conponents, one cuttus off towards the lodg-wavelen8th side, the other towards
the -shor t -wavelenAth s lder  one can produce f i t ters isotat lnA extre;e1y narrow spectra l
oanos and arso bfoad bands of  any desl red wldth.  t4ul t1 layer  f l l ters w111 be deslAnated
here as tO- f l l ters-

A11 inter ference f l l ters of fered 1n accordance wl th th ls  but le t ln  are of  the Fp twe.r ror- r - r ,  so-e of  l ,he f l l ters_r 'e  equloped k.Lrh ML conoonenrs unlch act  as aLxt l rar t  f i  -
ters to suppress "s lde bands and 's t ray l lght"  as e) .p1ahed in fur ther  deta11 on pa8e 184.

182



Th-- Interferometer of Fabry-Perot serves lor the
wl th s t r lc t ly  nonocbronat tc  l iAht .  The neta l l ic
r ron each othe! ,  and there is  a i r  between them.

neasurenent of length. It operates
l a l e r . s  a r - , t  a  c o . 1 s : d e r a b - e  d ' r s t a n c e

l/l1ll1e baseC on the same prlnclple, the tnterference fllters are destgned to be acted
upon by whl te ] leht  and to lso late cer tatn spectra l  bands by t fansnl t t tne 1 lght  onty
sithlh thls band. Thls nakes It necessaly to work wtth an extrenety short distance
between the rieta111c layers. To nalntaln such short dlsiance wlth the lequixed deeree
of  accuracy,  a spacer layer  of  t ransparent  matel la1 ls  deposl ted on l rhe f l r fs t  oeta11lc
layer, and the second neta1l1c layer 1s then deposlted on the tfansparent layer. The
transparent layer ]s Eade of naterial of low leflactlve lndex and ls, by way of analoay ._
wl th s lmt lar  phenonena h the f le ld of  e lect r lc l ty ,  sonet lnes refe l red to as d le lect r lc

REFLEOTING, BUT
PARTIALLY TRANSPARENT
METALLIO LAYERS

( l - n ) z + r n s a 2 ) r l

where T and A are, respectlvely, the transnlssion and reflectlon of a
tayer ,  I  the ln tensl ty  of  the Inc ldent  l lght ,  and l_ the wavelength at
has naxlmum t4ansn.Lsslon.  ( l r  1s determlned by the th lckness a id the
of  the d l . Iect r ]c  layer  as e.<plahed ln fur ther  deca. t l  on page 18". )
rha!  the nax. ln i  ] . !shL,  oblarned foa 1-1, ,  arounts to

r = - T
( 1 - R ) ?  

-

whlle nlnimun 1leht 1s obtahed for r= 2lr  and for l :  z/3)r  and amouts
12

l  r"o^"ro"ar, spAcER LA'ER
LTHICKNESSTI/2 i  PER FIRST ORDER
I l/i pEF SEOOT\IO ORDER

J 
3^/2n P€R THtRo oRoER

ISOLATION
r90LATtOt{
I S O L A T I O N

F1e ,  i

lart of a ray of llght {h1ch has pasaed the f1!3t lr'etall1c laye! \,1111 paEs alao througb
the Becond neta l . l . lc  layer ,  but  another  par t  w111 be ref lected beck to the f l rs t  Layer .
A part of thls backwa!,d-leflected l1ght vdlI pas8 lhrough the fhst ]ayer 1n tha back-
ward d l rect lon,  but  another  pa! . t  w1l l  be re l lected forward agaln.  Str lkhg the socond
layer, a part of thls twtrce-r.eflected l1ght vr1ll pass the second laye!., and another pa!.t

The dlagran ln FIe, lj 1n whlch the l1ght lay 1s shoun at a sllght angle from normal,
1s nost ly  used to l l lust rate th ls  nul t lp le r€t1ect lon of  a Blngle ray.  Ibe angular l ty
serves sole ly  for  the purpose of  maklng 1t  posslb le to l l lust rate the 1 lght  path.  I f
the lnc ldent  l lght  ray st r ikes ihe f t l ter  1n the nornal  d l rect lon,  a l l  the dra n Unes
nerAe lnto one, and the varlous portlons passlne the second layer become conponentB of
a E1ngle ray. However, slnce these conrponents have gone through dlffelent path lengths,
they w111 d l f f ,er  1n thel !  phase.  As a lesul t  o f  these phase d l f ferences,  lay5 of  sone
{avelengtha w111 be aLnost extlngulshed, whlle lays of other wavelenAtbs wltl pass the
f l t ter  wl th a n ln lmun of  1oss.  Conput lng the t ransnl t ted l1ght  ln tensl ty  l  for  l tsht
of  the wavelength l ,  by tota l ]1ng the var lous conponents 1n conslderat lon of  thel r  phase,
teads to the follorilng equatlon of the Fabry-?erot systen:

( 1 )

sIn8le neta l l tc
whlch the f l l ter

refractlve lndex
the equatlon shor.s

( z )

( 3 1



9 . 5

T n  F  g .  2 r  t  r e  r a t t o  o r  1 / l  a c c o r L l h E  r o  c q u .  ( 1 ) ,  i . e .  t h e  t r a n e r : s s i o n  o !  n e  c o m p l e t e
!l!!9I for 1lght ol each ravelengthj.Is plotted aAarnst waleter€th I for an assMed value
of  11 :7oo n l l l ln tcrons,  rn curve (a) ,  the assmpt ion is  nade i rhat  T=o, lo and R:0.90J
whl1e ln  curve (b)  T=0.25 and n:0.75.  I t  w111 be seen that  the h leher  ref lect lon s l res
narrower t ransmiss lon bands and lower t .ansmlss lon between the peaks.  Both curves show
a naxlmM i ransnlss lon of  1.Oj  because the unleal is t ic  assmpt ion has been hade that
F + T = 1 . 0 . " n I c n m . a n s l h a L L 1 e n e | a ' a y e t 9 f u v e b . r n ' s 6 L . d � � � � � � � � � � � � � � � � � �
w h a t s o e v e ! .  M o r e  r - r l r s L l c  ! d t  e s  o r a  n = O . U J  d n d  T = 0 . . ,  n d t . d r r n e  q F  . b s o r p , - t o n  t n
the netalllc ]aye!s. These values are assrnned in curle {c) whlch shows a maximum of
approxlnatety o.50.

FlA.  2

As one can compute f rom Equ.  (1)  and as shown 1n Flg.  2,  an FP lnter ference f , l l ter  lso-
latos nole than one wave band.  Maxlrda of  the Bane helsht  as at  l r  occur  a l -so at  1/? l l ,
I /3 \ ,  eNc,  For 'nsrance,  i f  th€ longesl  wavelength a!  rh lch maxlnun hrensr ty  occLrs_
( f t !5 t -orde!  bsnd ) I ) . ]s  ab "OO nl l l1mlcronsr  maxlma u111 a lso occLr  at  350 mr l l ln lcrons
(second-order  band r2) ,  aL 233 ml l l tmlcrons ( th l rd-order  band r?) ,  e tc .  I f ,  ln  a g lven
f l l ter ,  the f i is t -order  band is  nade use of  for  the Lsolat lon of  the desl red wavelength,
all undeslred r axlna appear on the sho!,t-waveleneth slde. However, 1f one of the hlgher.
orde!  bands . ts  ut l l lzedr  unwanted r la !  ma wl l - l  be on both s1des.  Second-order  f l l ters,
for  lnstance,  have .s lde bands at  2 le and t r  2 /312,  and thel !  nearest  t lansmlss lon m1n1na
are ar \/312 and 4/r.2.

The use of hlgher oldefs offers the advantage of furnlshlnA narro\,,er bands and steeper
curvea,  but  the undosl red bands,  as lde f ron belng on both s ldes rather  than on one
slde only,  a?e c loser  to the desl red band.  For  hstance,  1f  the 500 n l ]1 ln lcron band
1B lso lated 1n the f l ls t  order ,  there 1s no band on the long s lde,  and the nearest
band on the shor t  s lde 1s at  250.  In  lso lat lng the 5OO bend 1n the second orderr  the
heafest Blde band8 are at 1OOO and 333; 1n the thlrd order, they are at 754 and 375j
ln  the four th order  at  666 and 4OOj etc.  Thls  lncreaslng proxln l ty  of  the s lde bands
acts as a llnltatlon legardlng the order of lnterfelence that can be hade use of for

Sone of the undeslred bands nay not requlre any speclal precautlons. For lnstance, on
tho short-wavelenAth s1de, bands below 330 miulmlcrons 1'111 be absorbed autotnatlcauy
by the Atas8 that 1s used t6 ca y the neita1llc tayers. Undeslred lransnlsslon bands
1n the hfrared can frequently be d1s?egarded, for lnstance, 1f the fllters are to be
used ln conjunctlon wlth photocells tbat have no sensltlvlty ln that part of the lnfra-
red. In sone spectal lnstance8, 1t nay even be permlsslble io dlsregard slde bards
trhlch ara 1n the v1slb1e ranae and cosparatlvely ctose to the deslxed band. Thls ap-
pl1es 1f the f1lter 1s to be used ln conJunctlon with a Aas-dlscharge l1eht source,
that has no enlsslon 1n the ranAe of the slde bands. ilorever, the f1lter vi1ll then not
lsolaie the de8lled band effectlvelt, except when used wlth that parilcular ught sounce.
l,lhere the ellnlnatlon of undeslred slde bands 1s necessary, addltlonal etenente are re-
qulred as dlscu3eed 1n further deta11 on page 186.
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The ef f lc lency ot  a f l l ter  can be expressed by the percentaee t lansnlss lon at  the peak.
For  1ts ef fect lveness 1n iso lat ing the band,  1t  is  custonary to lndlcate the wldth of
l n e  s p e c t r . l  t r d n s n  E s l o n  h e l g h t  w n l c n  s ' O t  o f  t h e  o e d k  t r a n s m l s s l o n  v a l u e
(hau-peak wldth) .  In  addl t lon,  tn  order  to lndlcate the wldth near  the base o l  the
tlansnlsslon curve. lt 1s sometlnes uBeful to know the band wldth at lot of the peak
(one-tenth-peak wi6!h)  o!  even at  t6  of  the peak (one-hmdredth-peak wldth) .

In sone appuca1,1ons, the "rejectlon" of undeslred bands and of any l1ght ouiside the
isolated band ls of even ereater lmportance than the helelt and the wldth of the lso-
lated band t tse l f ,  the deeree of  reJect lon 1s expressed by the 1ow t ransf t lss lon val -
ues,  such a€ O.5 ar  A,2 '1,  whtch the f t l ters show outs lde the lso lated band.  I t  nav
also be usefu l  io  know, 1n sone lnstances,  at  whlch spectra l  d ls tance on each s lde
fron the center of the band the lndlcated low transnlsston value 1s reached,

Ihe analys lE above refers to l1ght  passhg the f11ter  ln  the norhal  d l rect lon.  At  a '
devta i lon f rom norhal ,  the t ransmlss lon band shi f ts  to{ards the shor t_Havelength s1de,
and the band lncreases 1n pldih. A gr^een hterference fUte. w111 thus shlft towards
the blue when viewed throuAh at an angte. However, the shlft also applles to tbe slde

'bands.  Therefore,  1f  the f1 l ter  1s of  second or  h lgher  orde! ,  a  longer wave band,  Iv-
1ns ln the lnfrared at nornal 11ght, nay, upon tI1t1ng, shlft lnto ihe vlsIb1e range,
makhe the fllter appear red.

Thlckness of  Layers

neferr lng agaln to F lg.  t ,  one can conclude that  the var lous components of  a s lngle ray
passlng through the second layer w111 add up to a naxlflun lf the phase dlffelence between
each two subsequent components 1s 2r., because they can then be added nuner1cally. The
lh lnnest  d le lecrr lc  spacer layer ,  phase d l f ference of  2n must  have a th lckness
ot  d = t , /zn where n 1s Uhe Lndex of  ref ract lon and 11 !s  lhe lonsest  wavelength of  the
of  the f l rs t -orde!  t lansmlss lon naxinum, For  lnstance,  for  n: I .3  and for  f1 !s t_o!der
lso lat lon of  the 520 f t t l l lmrcron band,  the requl red th lckness 1s thus 200 nt l t lLn lcrons or
O,OO02 nm or  less than 1/1O0,OO0th ot  an lnch.  The sane dte lect !1c layer  w1l l  lso la ie iho
260 m1l11nlc!on wave band 1n the second order  of  ln to l fe lence.  In  order  to lsoLate 520
ml l l in lc lons ln  the second o!de! ' ,  r ihe th lckness of  the laye!  must  be o.0oo4 nn.  l lxe |11abal-
l1c layeisr  1n order  to have a n ln lmum absorpt lon,  nust  hecessal . l ly  a lso be extr 'sne]y ih ln,

To for'n such thln layefs, the naterlals are thermally evaportalred and depoBlted ln h18h
vacuum. In pr lnc lp le,  an ln ter ference f l l ter  of  the F!  twe thus compl lsos the fo l l .o1 l l lng
elements:  A g lass ae a car ! le ! . ,  a  f l r6 t  rnetaf l lc  layer  depo8l ted on the Elass,  a depos-
l ted t ransparent .gpacer Layer , ,  and a second deposl ted neta l l1c layer .  A aecond gfass ls
then added for plotectlon. I'l-re layels rnust, of course, be absoluteLy unlto!.rn and nuat have
exact ly  the correct  th lckness.  I t  w1] t  be seen f lom the foregolng lhat  the product lon of
ln ter terence f l l ters 1s thus essent la l ly  a probLen of  th ln- leyer  and h l8b-vacuurn lechnlque.

PNOPERT]ES OF AVAILABLE INTERFERENCE FILTERS

A11 the aval lable ln ter fe?ence f11te!s de-
scrlbed 1n thls buuetln are of the Fabry-
Perot  twe and lso late the specl f lc  spsctra l
band ln the second o lder  of  ln tor ference.
they cover the ranae flon 340 to 9oo n1111-
nlcrons.  Wl thh th ls  lanAe,  any f1 l ter  1s
aval labte e l ther  lnmedlate lv  f ron stock or
for  del lvery 1n 4-5 peeks,  aependlns to a
cer ta ln extent  upon the specl f led to lerance
for  the peak wavelength.  F i l ters above 9OO
n1111nlcrons can usuat ly  be furn lshed on :
order  w'  th  I  onge.  de I  I  very.  i

F1g. 3 shor^rs a trclca] transmlsslon aurve 2
of  a f11ter .  The t ransnlss ion Deak 1e usual-  X
]y around 40 and the hatf-peak ;1dth B-12 F
n1l11mlcfons.  At  one- i renth of  the Deak
transnlss lon,  the wldth 1s 20-32 r r l l l ln lcrons.

The hlAh reflectlon of the n€ta1uc layers
edployed ln the fllters results 1n a hlgh
spectra l  pur l ty ,  1 .e.  ln  a b lgr l  deAree of  re-
Jectlon and extferdely low transnlsslon ouu-
s lde the lso lated band.  Less than 0.5*
llansnlsslon ls reached at 30 ntlllnlcrons
on edch s lde o '  the lso-ateo pr lnctpal  band.
Hodeve-,  s lnce Lre second-oro; .  'n t ; r ference
13 made use of for the lsolatlon of the prln-
c 'Dal  band,  Lhere Is  s  a, rs t -o lder  band : !



twlce lhe qaveleneth and a third-order ba.nd at ?/3 of thc wavelength (atso a fourth-
or .de!  band a.L I /2  t ]n"  wavcleneth,  etc . )  of  the band to be iso lated,  This nak.6 i t

-  .  r _  . -  t i  t c - - .

Second-order  f i l ters below 5OO ni l l imic! 'ons do not  requl .e any speeia l  prov is ion fo! '
e1: in inat lng the th l rd-o.der  or  h igher-orde!  s lde hands because these s ide bands a.e ln
the u l t rav lo lc t  beloN 340 mi l l ih icrohs and are thus absorbed by lhe gtass.  ! ' i l te fs  above
rr25 do not  necessar l ly  requi r .e prov is tons ror  cut-of f  o f  the f r rs t -ofder  band lnasmuch

- .  .  o I  t h e
f i . l ters for  most  appl r icat ions.  Just  the same, lor  best  rc ject lon o l  a l l  unNanted l leht i
pract i .ca l ly  a l l  f l l ters are prov ided wl th aul l1ary cut-of l  conponents.  As a reBul t ,
the spectra l  pur l ty  o l  the f l l ters ls  such that  the average t ransnlss ion outs ide the
p '  n c  p a l  o d n d  O .  4 .  T n  i a c t r  : -  _ b e  _ d r - e  o l " l -  n l - r f _ r ' . c e  m  1 ' . 4 ,
i ,e .  a l  4 /3 and 4/ ,  o t  the wavelenAth of  the pr lnc lpal  band,  the t ransnlss lon iB less
ihan 0.11.

The addl t lonal  cut-of f  towards the shor t -wavelength stde 13 nost lv  achleved 1n a s lhple
nanner by the use o l  a colored Slass havlns a sharp-cut thg spectrat  t ransmlss lon cuive '
However,  there are not  nany colored g lasses aval table Nl th the requl red shalp cut-of r
towards_ the long-waveleneth s lde.  therefore,  the cut-of f  towar:ds the long s lde 1sr  ln
sone hstances,  achleved by an addl t lonal  nul t t layer  component  of  the d lchlo lc  t lpe.

The layers const l tu t l r€  the d lchro lc  component  can nost lv  be deposl ted d l rect lv  on the
second'neta l11c laye!  of  the FP f l ] ter .  The conplete f11ter  th ls  cgnpr lses the fo l low-
l n g  c o a b l n a r l o n :  A  c o l o r l e s s  g l a s s  a s .  c a r r l e r ,  t h e  F P  c o m P o n e n t  ( c o n s l s t l n e  o f  t s o
metal l tc  layers wl th a t ransparent  spacer Layer  betNeen them),  an r ! -  componenr \con-
s ls t lng of ;  nurnbe!  of  non-nela l l tc  layele) ,  and a colored or  co lor less cover lng g lass.
In some lnstances,  however i  the ML conPonent  Is  car l led by a th l rd g]ass.

The l l t ters are aval lable ln  the 2"  x  2"  s lze only.  The exact  d lnenslons of  the g l 'asses
are 50 x 50 nm, the comLlned th lckness belhg 3 to 5 nf l .  The l1 l ter  lavers havo an atea
of  only  -5 x  Lt  m,  For  seal lne p"rposesr  a Str .Lp of  2.5 mn l lur -n on a l ]  four  edges Is
lef t  u icovered by the f l l ter lng laye!  1n the Producblon process.  Th13 st r lp  ls  thus
color tess o! ,  1 f  a colored covel lng Slass 1s employed,  the st r lp  appears t ran8pa! 'ent
b lue,  ye] low;  led,  or  purp le.  In  sone appl lcat lons such as,  for  lnstance,  1n the use o i
rhe f l l ters 1n the L l l l lETRoN color lneter  Mod.  402-E,  specla l  prov ls lons are neceasary !o
cover  up the st r lp  so as to keep unf l l tered l lght  i rom belng legls tered bv the photoceLl .

the f l l te fs  are safe for  temperatur .es up to 1800 F.  l {hen exposed Inaln lv  to radlant  heat ,
they a le not  LIkely  to becone excesslvely  warn,  because pract lca l ly  a l l  o f  the radlat lon
whlah ls  not  t ransmtt ted 1s le f lected,  the abBorpt lon belhg velv  sma] l .

shce the lgoLated 1 l ,ave band 1s detern lned by the th lckness of  the t ransparent  spacer
tayer ,  the ln ter lerence f l l terE can,  1n prhclp1e,  not  fade o!  change thel r  t !ansn18_
s16!1 aha?acter ls t lcs 1n any other  way.  I f  anyth lng,  detef lorat lon of  ln ter ference f1 l -
ters can only be the resul t  o l  separat lon of  layers or  penet ! 'a t lon of  atno8pher '1c mo13-
tu! .es and chernlcaL vapors.  In  the ln ter ference f l l ters of fered,  th ls  1s prevented by
sul table cholce o l  the cement lng mater la l  and by the sealhg st r lp  atong the tout  edges.
Sl .nce the outs lde of  the f l l ters 16 g lass,  they can be cteaned 1n the ord lnary way,

Each f1 l ter  lurn lshed 1s ldent l f led by a ser laL nunber,  and the character ls t lcs of  each
f I l ter  a! 'e  regls tered,  In  addl t lon,  the f l l ters can be ofdefed wl th lndlv ldual  spectra l
t ransnlss lon curves at  an addl t lonal  pr lce of  St5.o0.

APPL]CATlONS

Color lnetr lc  Analys ls

I t  has becone custonafy to refer  to  photoeleetr lc  t ransmlss lon-neasur lng lnst ruentB as' ' s p e c r r o p n o t o m e t e r s '  
I f  r - l ^ e  w a v p  b z n d  1 s  l s o l a r e d  b y  a  p . i s m  o r  a  S r a L ' n g ,  3 n d  t o  c a l l

them "color lheters"  l f  the lso]at lon ls  achleved by color  f l l ters.  In  the najo!1tv of
lnstances, the two types ol hstr\rnents serve to! ihe sane p\rrpose, namely for chemlcal
analys ls  by way of  t ransmlss lon tneasurerents of  so lut lons in  selected uave bands,  l t i ls
analys lB nrost ly  sefves the purpose of  detern ln l r€ the 4oncentrat lon of  a cer ta ln const l -
tuent  1n a solut1on.

when the above aust lnct lon between the two t ,pes of  lnst rments came lnto eeneral  use,
1t was tacitly agsmed thal, irhe wave band lsolated by a spectrophotoneter 13 never nole
than a fer{ n111imlcrons or even a fractlon of a n1l1lnlcion wlde and that colorhetels
work ,r1th f1l-ters that do not lsolate Nave bands of lesB than about 30 nlltln1crons wldth..
By nowr hter ference f l l te ls  nake I t  posslb le to lso late wave bands of  5-15 ml l r imicrons
wlth a hlgh deeree of optlcal purlty wh1]e, at the sane tlner spectrophotoneters have
cone lnto use sone of whlch operate wlth {ave bands of 30 mi}limlcrong or nore.
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I t  thus beaones necessary to rev lse some concepts in  the f le ld of  co lor lmetr lc  anatvs is .
'd l th  Eolut lons havlne a snooth stec i ra l  t ransmlss lon curve wt thout  pronounced abscrp_
t lon bands,  neasurenents on a colo l imeter  have a lwats been p lact lcat ly  equivalent  to
neasurenents on a spectrophotoncte! ,  inasmuch as the wldth of  the spectraL band rs not
cr i t lca l .  There afe,  however,  other  cases r ihere the ex is tence o l  a sharp absorpt ton band
in l rhe spectra l  t ran5mlss lon curvc o i  the solut lon nakes i !  advlsable io  .arr_) '  o l t  t t rns-
n iss ion tests in  th is  very band.  Even 1n such lnstances,  the ln ter ference l l l ter  iso lat -
tne th ls  very band now f requent ly  pern i ts  to obta ln,  wi th a color lneter ,  lesul is  o l  equal
o!  even h lgher  accuracy than wi th a spectrophotoneter .

The graph on page 193 shows 12 lnterference riLters oflered for use ln the LLI'4ETFoN
Color iheler  Mod.  4o2-E as descr lbed ln B! l1et ln  #420.  The set  of  these 12 f i l ters pet-
ml ts  t ransnlss lon and lef lect lon meaEurements 1n 12 wel l -def ined poln is  ot  the v is lb le
spectru i r  nakinA i t  posstb le to p lot  c lose appfoxinat ions o l  Epectra l  t ransnl  ss lon and
ref lect lon cur :ves.  I t  ls  understood that  f l l ters fo.  the lso lat lon of  ln ternedlate bands
are a lso aval labte for  th ls  colo l lneter .  The f l l te ls  f l t  lhe rehovable f l1 te.  holdet ,of
lhe lnst rument  but  requl re the Adapter  Mask cat . -No.  4178 (pf lce $3.00)  to cover  up the
transparent  s tx lp a lons the edAe of  the f1 l ter .

lho ioelectr lc  co lor  oradtns

In the precedlng paraeraphs,  the assumpt lon Fas made lhat  the t lansnlss lon measurenents
on l lqu ids are carr led out  for  analyt tcaL purposes.  There are nany other  lnstances
where the t ransmlss lon tests serve fox e ladlng of  l lqu lds accordhg to thei r  co lor  ap-
pearance lathe!  than for  analys is .  Tds appl les,  for  lnstance,  to  the color  of  mherat
and vegetable,€11s,  of  so l lentsr  of  l1quId food productsr  of  beverages such as beer,
Arhe,  f ru l l ,  Ju lces,  e!c .

Color  gradlng of  these and stmt lar :  mater ia ls  ls  wjdely carr led out  wt th the a ld of  v lsuat
standalds,  but  the vr isual  gradlng method depends on lndlv ldual  Judgen'ent  and on l lght
condl t lons.  There 1s,  therefore,  a growtng tendency to replace vtsuaL gradlng nethods
by photoelectr lc  measurernents 1n order  to achieve fu l l  reproducib l l - t tv  f tom one operato!
to another  and unde!  a l l  l1ght  condt t lon6.  However,  photoelectr lc  tests for  co lor  grad-
lng requl re r lg ld s tandardlzat lon of  the wave band enpLoyed.  Such standardlzat lon can-
not  be accompl tshed by f l l ters made up o l  comblnat lonE of  co lored S]assesi  but  13 no\ , t

F lane Photometry

The te l rd ' i f lame photohetry"  16 er , rp loyed for  the method,  developed dur lng lhe last  15
years,  of  quant l ta t lve analys ls ,  lnc ludlng t race analysrs,  of  Eubstances such as sodlum
and potasslM ln solut lons by a iomlz lna the solut lons ld th ln a burn lng f lane and measur-
lng the l j .ght  1n the character ls t lc  emlss lon bands.  The procedure pernl ts  accurate de-
termlnat lonB wl th ln a n.Ln- lmun of  t lmc even 1n the presence of  othe!  e1ements,  but  makes
1t  necessary to lso late re l lab ly  the emiss lon bands of  the var lous substances to be d6-

For sodlum and potasslu.n j  the ln ter ference f l l ters 590 and 767 arc used,  An lnter fe! ' -
enc€ f l l ter  670 serves for  lso lat lng the emiss lon band of  l1 th1lnn whlch ls  most ly  em-
ployed as an ln te lnal  s tanda! .d.  A f l l ter  620 w111 sul tably  lso late the calc1lLn band.
Other  f l l ters w111 ser 've for  the determlnat lon ot  add1. t1onal  eubstances such as magne-
slunr stroiltlunJ barlun, chrorllunr manganese, etc. hy flame photonetry.

Iso lat lon of  wave bands by pr lsns or  grat ln8s requl res a concentrated l lgh!  source for
h lAh et f lc lency.  The area of  radlat lon of  a f lane ls ,  o f  courBe,  conparat lve ly  larAe.
T l e " e ' o r e ,  r h e  ! 6 e  o '  l n t e r " e r e n c -  f l  t e r s  l s  e " ' r l e - !  s y s t e n  o f  l s o ] a t . l o n
of  wave bands 1n f lane photonetry.  I t  fu ln lshes h lgher  Eensl t lv l ty  for  the neasurenent
of  1ow concentrat lons and makes l t  posslb le to get  a lohg wl th le8s expenslve equlpnent
for  the fes ls t rat lon of  the resul t lng Ught .

F luor lmetry

In ibe detern inat lon of  the concentrat lon of  f luo lescent  const l iuents ln  solut lons,  the
ftuolescent light to be measured 1s atways lery weak. Also, 1t 1s ln no way concentrated
but enerAes fron a rather wlde area. Thereforer Just as 1n flane photontetry, spectral
resolut lon o l  the 11sht  wl th pr lsns or  grat lnAs ls  d1l f1cu1t  to  achleve except  by ex-
t renely cornpl lcated a.nd expenslve equlpnent .  Colored-g1ass color  l l l ters are wldely
used for 1solat1ne spectral bands of the fluorescent 1lsht, bui nust be made to iransnlt
over  a r lde spectra l  lange,  otherwise they cause too nuch loss of  118ht .  In ter ference
f l l ters pern l t  the passa8e of  a bean of  t ieht  of  large cross-sect lon and do not  requl re
a concentrated l lght  source.  Alsoj  they lso late narrow {ave bands q l th a comparat lvety
snal l  l lght  1oss.  Therefore,  they represent  the nost  ef f ic lent  neans io lnc lease the
specl f lc l ty  of  anatys ls  by t luorescence.  A set  of  ln ter ference f l t ters,  spaced to cover
the f luorescent  speci rm, permi ts  p lot t lng o l  spectra l  curves of  the f luorescent  11ght .
A suitabte 1nslrunent for the use of lnierference fllters h fluorescence neasurenents 1s
the IEOTOVoI,T rluMplier Fluonescence l4eter Model 540 descrlbed 1n Bulleth #392.
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l ; ic f  osco!y j  lhotonicrog.rphy,  I , ! lc rocolor i ret ry

The rs.  of  Donochrontr t ic  ] i [h t  33 obiatnable wi th the ln ter fe ience f l l ters incr- 'ase3 ihe
eontrast  bet t r 'een the star ined par ts  and the backgrouid o i  n isroscoplc a l ides.  Fof  the
usual ly  enployed b lue arn. l  rc . l  r ta lns,  a Bfeen inter terenc€ f i l ter  l lo la i r lne a tave band
of  t to  n i l  r l rdcrons Ni l .  e lv .  l tood resLl l ts  jn  nos!  instances.

: -v :n more can !e i icconpl ished bJ tak in€l  advantaee o l  the lact  tha!  the t ransmiss ion band
of  the ln ter ference i i l ter  sh l f ts  lv i th  changlng angle o l  lnc id:nc- '  as po: in t .d oui  on page
135.  By s lnply  t i t t ing the f l l ter ,  ihe wave band can be adjus ied Eo as to mke ihe inpor-
ta; t  deia i ls_s iand out  c lear '1y by i t luminat ine them wi . th ihe conplenrentarv coLor '  0r  onc
nray ext tnguish unwanted por t l .one bJ i l tun lnat ing thcn Ni th l ight  of  thei r  ot {n cotor '  A
sei  of  turo or  thxee lnter ference f i l ters tJ i l l  pern l t  eoing thr :oueh the whole v ls lb le sp.c-
t run so a i  to  f ind lha band that  ts  nost  su l table for  the specinen being observed.

An lnter ference f l l ter  of  550 Ei1 l1nl lc tons w111 a lso be found useiu l  to  l ln l t  the l18ht
to that wavelensth range f,or whlch the spherlcar colrectlon of achroriatic obJ''ctl-ves 1.
best .  Fur thennoro,  s l ;ce the lesolv lng power lncreases as the wavelensl jh  of  11ght  de-
c leases,  a b luc ln ie l terence f l l ter  tserves to Increase the resolvhg poder of  the mtc-
roscoper par t tcu lar ly  when apochlomats are e i 'p loyed.

Ltghi  of  longer wavelength ls  less gubject  to  scat ter lng than l1ght  of  shor te!  wavelength
and- has thus-nrore penetrat lng powex.  thelefore,  Jnter ference f l l ters 1n ihe red and
near- in f rared can te used adiantageousLy,  1n photonlcrographv,  to  Penet tate c loudv nasses
of  debr ls  1n s l ldes and to locate organlsms such as bacter la.

The ter.n "nlcr.ocolorlinetry" 1s used here to cover. the procedures, developed durlnS the
last  few years by PoLl ls te! ,  Hol ter ,  and others,  of  neasur lng abeo.p i lon 1n seleeted
wave bands through a mlc loscope for  the purpose of  quant l ta t tve h ls tochemlst rv  and cvto-
chemlst ry .  In  theBe methods,  the lncer ference f11tor3 n111 lnprove the accuracv and
6pecl f lc l ty  of  the resuLts obta lned.

othe!  Appl lcat tons

Inter ferenee f i l te ls  1n combhat lon wl th lncandescent  I lght  f requent ly  nake 1t  possLble
to replace 8as-d lscharge lanpB 1n ref ractornetry  and pola! '1ne!ry.  They a lso perml t  de_
termln lhg the ref ract ive lndex and the opt lca l  rotat lon as a funct lon of  wavelength,
other  f le lds of ,  appl lcat lon of  ln te! . fe fence f l l terB ere s lud1es lnvolv lng d l f f ract lon
and lnter ference phenomena.  In s tudles lnvolv lng photo-eLasl lc l ty ,  observat lon through
lnter ference f l l te ls  lnproves coni r r 'ast  and def ln l i lon,

Monochromat lc  L lght  1s nost ly  employed 1n the neasurenent  of  the angular  d ls t r lbut lon
ol  l laht  scat ter lng ef tecte f ,or  the p l rpose of  determlnat lon of  par t lc le  srze and molecuLar
welght .  h  th ls  l1e!d,  too,  ln ter f ,erence f l t terE emPloyed 1n comblnat lon vr l th  lncandes-
ceni :.anrps can frequenlly be substltuied for gas-dlscha!8e lamps and pelm1t !'eflnenents
by lnvesi lsat loh o i  the acat ter lnB e l fect  1n var lous selected spectra l  wave bands.

col -or  densl tomet ly  1n the processlng of  s t l ] ]  and not lon p lc ture f l ]m 1s anothe!  lnpor t -
ant  f . le ld o l  appr icar ton o i . tnuerre ience f ' lbers.  They are par ! ' -cu lar1v s l l tab le fo!
th ls  appl lcat lon on account  of  thel r  sharp cut-of f  character ls t lcs and of  thel !  h18h
desree o l  re ject lon of  l lAht  outs lde the lso lated band,

rae



PRICE LIST

on Inter ference Fi l ters
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400 550 600
WAVE LENGTH m,r

TyDlcal  set  of ,  In te l ferenc-A Fl l terE Ser les MM for
LWETBON Photoelectr lc  CoLor lneter  ModeL 402-E
for  the lso l -at l .on of  the fo l lowlng t tave bandsl

42o 4r0 465 tga 5 530
55o 575 595 520 640 660

wlth addltlonaL flLters fo! 680 700 72o 74o

FlI ters

340 to

390 to

806 to

9o1 to

389 nlLr lnloron8

705 mll t l rnlcrons

8o5 m1l l1n1crons

900 m111ln1crons

1?OO nlll1nlcrons

,"a. $4o.oo
' '  32 .00
"  36 .00
" 44.00

Prices upon request.

Spectropbotonetr lc  t ransniss ion curves o{  1nd1v1dua1
f I1te ls  furn lshed uDon reouest  wl th f l l ters Prlce $15.00 ea.

Cat. -No.  41?8 Mask !o!  f l t t l i ta  ln ter ference f l l ters ln to fUte!  holder $ 1 . 5 0


