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n tls't 'Rn c't '

Acouslo-Opt ic Turrable Fi l ter(A0' f l ; )  is  a sol id state elcctro-opt ical  device wlr ich acts as an electronical ly tunable
speclral  f i l ter . ' I ' l re speci f ic  pt t i l t t  o l t  l l te device is l l rat  we can gel  two rJ i f f racted beanrs perpendicular ly polar ized eacl
olher.  So we develoPed al t  i l t tagi l tg speclro-pular i rnctcr  enrploying a v is ib le AOTF and two CCD cameras each of  which
shorvs l tor izontal ly or vert ical ly polar iz.ed speclral  i rnage of  the object .  Typical  speci f icat ions of  the v is ib le AOTF
imaging spectro-polar inteler contpleted are Spectral  l (ange: 45t)-700nnr,  Speclral  Resolut ion:  1.2- l .9nrn,  Spat ia l
Resofut ion:  20 l ine pairs/nurr(MTF: 0.3),  I ) i f t ract iorr  El f ic ierrcy:  

; r" ; r , : t r r .

I .  CONFIG UIrA' I ' ION OF'I ' I IB INS'I 'RUII IBNT

Tlte main contpol tet t ls  of  l l te i t ts l runtel t l  is  a l r  objecl  lens,  a t ie l tJ s lop,  a col l inrate lens,  an aperture s lop, an AOTF
u' i l l t  7x7 nlm aper lure,  at t  i l t tage le l ts art t l  lwo CCD carneras.  Wlren we measure the power spectrum of the radiance,
CCD canteras are replaced by t rvo t leteclors of  an opl ical  power rneter(Fig.1).  The instrunrent is equipped wit l r  a f inder
rvhich can l te lp us to posi t ion t l te target. ' l ' l re f i r r r ler  rn i r ror calr  be rv i lhdrawn fronr t [e l ight  pat l r  dur ing measurement.

2.' I 'UNING I 'ERFOIUTANCE

When white l iglrt  beam enlers Tel luriunr dioxit le( ' I 'eO2) nortcol l inear AOTF device, i t  separates zero-order (non-
dif fracted) beam altd two dif fracted beams; one is +l orr ler(extraordinary) and t lre other is - l  order (ordinary). The
AOTF device instal led in the i l tslruntent was special ly nranufactured by Drimrose Corporation of America so thal we
can optimize for both order (+l and - l)  l ight beams simultaneously.

2.I DIFFRAC'I'ION DFFICIDNCY AND SPBCT'IIAL R.BSOLUTION
When l.000rnW Red He-Ne gas laser l ight (632.8nnr wavelength) errteret l  the AOTF, the dif fracred l ighr inrensiry

was 0.438rnW for 'botl t  orders (+l and - l)  and t lre non-dif fracted l iglrt  (zero-ort ler) was 0.072mW. Thus,
l)iffraction efl'icicncy = ( 0.43tt + 0.438 ),/ l.Ol)lt = 0.g76 = 97.60,/o

Fig.2 shows the AOTF device speclral resolut iorr (FWttM: Ful l  Width ttalf  Maximunr) measuretl  using Red He-Ne
gas laser l ight(632.8n1n).  FWItM is l .3nrrr  arrd l .5nnr for  - l  a l rd +l  or t ler  respect ivety.

2.2 EXAI\IPLE OIi SPEC'I 'RAL ANALYSIS
Fig.3 (- l  order) sl tows an exatttple of slreclral arralysis for a lrel iunr electrotteless lanrp l ight. Six peaks observed

correspond to t l re eacl t  speclral  wavelertgt l r  i r r  l l re spectrum lable of  l re l iunr at  the wavelengths of  447.15,471.31,
492-19,51)4.77,587.56, and 667.81 al l  in nnr.  Measurernent of  +1 order is not s l rowrr here,  because i t  was almosl
ident ical  ro Fig.3.

Speclral  measurement of  sucl t  a lantp l ight  as hel iurn lamp l ight  is  uset l  to cal ibrate the wavelength scale of  the
instrumenl,  because of  i ts  rvel l  knowrr speclrunr.
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Spatial rcsolulion oI thc AOTF dcrricc rvas lcslcd using USAF l95l tesl l)altcrn. As shown i lhe Fig.4, vertical

(polar) spatial resolulion is l l4 l inc l lairs/||rDr, while horizontal (az.inruth) rcsolution is 102 line pairs/mm. Over all

sp.l ial resolution of the instluntcnl was Dreasurcd inclurl ing fronr lhc objcct lcns lo CCD canreras. lr the Fig. 5 , "GV

-1" indicales - l  order,  vert ical  Ia l tcrn,  grcc l ighl  (546.5InI)  and "Ol l  +1" i t ld iceles +l  ordcr,  hor izontal  pat lent ,

ora||ge l ight (577.0nnt). 1'he figure shorvs lhat M'lF of every - l ordcr is largcr lhan any of +l order.

4. SENSll'lVlTY Al)JUS'r'r\rDN't' ()n't'uD oP'l'tcAL |'orVDtr METE|T t)ETEqfoRS

ln order to [lcasure lrvo diffracted lrcanls; +l ordc] aud -l ordcr at the salrc time, lwo detcclors of lhe optical powcr

rrclcr $rcrc irslallcrl i l |  thc irrst]unrcnl i lslced of the trvo CCD caDeras. ln gcncral, eaclr detector has dlfferetl l
selsil ivity tgailst wavclength. Fig.6 shorvs rn e.ranrplc of ltalogen lanlp sltcctrum Dlcasured by the instruntcnt.

Halogcrt lantp l ight is confirnred non-polarizcd, so tIc lwo spcctra curves should coincid€ each other. However the

oulput of +1 order detector is higher than thal of -1 order detector especially between 530nm end 63onm in wavelelgth.

After elirninating lhc t ias, +l dalunr was divided by -l datum in every wevelenglh. ln Fig.7, the lhin l ine shows the

quotienl in every wavelengtll and the lhick l inc is the polynonrial spJrrorioration(6th order) to the thin l ine. The

polylomial equation is used to conlpe|lsate tle - l order data. Doth conpensated sensitivity curve of the - 1 order delector

and non-co pensated sensitivi ly curve oI lhe +l order detector are showt| in Fig.8 logether. Fig.9 shows compensaled

-l oider arrd lon-conpelsaled +l order spectra of a Metal l lalide larnp l ight.

s. c0NcLUsloN

An inlagi g spectro-polari eler using a A(Jl'F device is conpleted(Fig.l0). Dimension of tlle instrumenl is 600mnr
long, 21onm wide, end l30mnl high, except the object lens, the view finder and ils lever. The lotel vreight is 12.7 KB.

Mosl of lhe tolal weighl depends on the rigid ald leavy oplical base of lhe inslrument. The base should be rcplaced by
a Iighler one employing lroney conrb con[iguration itt the futurB nodification.

A treditiollsl spectro-polsrimeter enploys a lhear Polarizer disk roleling in lhe order of angle. This kind of
irstrument cennot oblain lwo polarized date at lhe ssnre time. Wllile lhe AOTF speclro-polarimeler can solve lhe
problem a|ld is expected to measure polarization of eerosol which clrrnges wilh the time.

Spalial resolulion of lhe instrunlenl is found much lower lhrn tllat of the AOTF device. The lower spalial resolulion
nreinly depends on the collinlate lens, thc inrage lcns and thc CCD scnsor. So we starled lo improve lhe over all spatial
resolulion of lhe instrunre|ll.

6. ACKNOTVLEDGIITENTS

The authors would like to acknowledge the Science and Tectnology Agency on funding for the r€search, Nikon
Corporalion on assembling the inslrumenl end also Mr.Motoo Kinoshita on providing improved computer software to
control 8n I{F driver for lhe AOTF in the instrunenl.

-490-



(a) oljcct lens
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(c) AOTF

(d) inrage lerrs
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Fig.4 Spatial resolution of the AO IF device
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