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Depolarization of light in a multiply scattering medium:
Effect of the refractive index of a scatterer

Nirmalya Ghosh
Biomedical Applications Section, Center for Advanced Technology, Indore, India

Asima Pradhan
Department of Physics, Indian Institute of Technology, Kanpur, India

Pradeep Kumar Gupta
Biomedical Applications Section, Center for Advanced Technology, Indore, India

Sharad Gupta
Department of Physics, Indian Institute of Technology, Kanpur, India

V. Jaiswal and R. P. Singh
Physical Research Laboratory, Ahmedabad, India
(Received 8 May 2004; published 7 December 2004

We report the results of a study carried out to investigate the influence of the refractive index and size
parameter of a scatterer on the depolarization of linearly and circularly polarized light in a turbid medium. The
results show that for a given refractive index of the surrounding medium, the influence of the refractive index
of the scatterer on the depolarization of both linearly and circularly polarized light is rather weak for samples
with smaller-sized scattereRayleigh scatterers, radius<\, anisotropy parameteg<0.2). For a given
value of optical thicknesér=usX d, us being the scattering coefficierd, the physical thicknegsthe depo-
larization of circularly polarized light was observed to be higher than that of linearly polarized light for these
samples. In contrast, for samples prepared using larger-sized scatidieszatterersa=\, g=0.7), linearly
polarized light was observed to depolarize much faster than circularly polarized light when the refractive index
of scatterers was larggh=1.59 but no appreciable difference in depolarization of linearly and circularly
polarized light was observed when the refractive index of scatterers had a lowenwalug7). Further, for
scattering samples having Mie scatterers, for comparable valuesd g, depolarization of polarized light
was much higher for samples with scatterers of lower refractive index.
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[. INTRODUCTION value of the anisotropy paramet@y) comparable to that of
tissue. The concentration of scatterers is then adjusted to
The promise of polarization gating for optical imaging yield the value of optical thicknessr) or reduced optical
through biological tissugl—3] has motivated several studies thickness[7' =u.d, u{ being the reduced scattering coeffi-
on the depolarization of light in a turbid-medium-like tissue cient =uy(1—-g)] comparable to that of actual tissue. How-
[4-8]. These studies have shown that with an increase in thever, important differences have been observed in depolar-
value of size parameter of scatte(X=2man,eqiun/ \, @ be-  ization of linearly and circularly polarized light between
ing the radius of the scatterer,the wavelength, andeqium  these commonly used tissue phantoms and actual tissues
the refractive index of the surrounding mediyrthe charac- [8-10. The observed difference in depolarization between
teristic length of depolarization of incident polarized light tissue and matched tissue phantoosmparabler and g)
increases significantljs5—7]. Further, for a medium contain- may arise due to a difference in a large number of parameters
ing smaller-sized scatterers(a<A and anisotropy like the density of scatterers or a distribution in the size and
parameter—i.e., average cosine of scattering aggi®.2), shape of the scatterers. Since it is difficult to quantify these
the characteristic length of depolarization for linearly polar-parameters in biological tissue, elucidation of the reasons
ized light is higher than that for circularly polarized light and responsible for the observed differences in polarized light
the reverse is the case for a medium containing larger-sizepropagation through biologic tissue and matched tissue phan-
scattererga=\, g=0.7) [5—7]. In the theoretical studies, the toms requires careful experiments using well-characterized
turbid medium has been modeled as being comprised dfssue phantoms. Earlier studies in this direction have shown
monodisperse spherical scatterers. For experimental studighat one important reason for this discrepancy is the presence
suspension of intralipid or aqueous suspension of polystyef a much wider distribution in the size of tissue scatterers as
rene microspheres has been used to prepare tissue phantormsmpared to commonly used tissue phantg@i§. Another
The usual approach while designing tissue phantoms hamportant factor that could contribute to the observed differ-
been to use a chosen size of scatterers that would give ence in depolarization in actual tissues and matched tissue
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phantoms is the fact that the commonly used tissue phantonglarization parallell)) and perpendiculafl |) to the inci-

are prepared with scatterers that have a value of refractiveent state of polarization by orienting the axis of an analyzer
index much highe~1.5—-1.6 than that of natural tissue either parallel or perpendicular to the incident direction of
scatterer{~1.4). Indeed previous theoretical investigations polarization. When circularly polarized light was incident on
of Kim and Moscosd12] have shown that in a turbid me- the sample, the quarter-wave plate was inserted between the
dium, the depolarization of light is significantly affected by sample and the analyzer to obtain left and right circularly
the refractive index of scatterers present in the medium. Kinpolarized transmitted light. The amount of copolarizé&g)

and Moscoso used the theory of radiative transfer to shovand cross-polarized!.,sd components of the transmitted
that in a multiply scattering medium, the characteristic lengthight were detected. The value for degree of polarizatien

of depolarization of circularly polarized light increases sig-was determined as

nificantly with increasing value of the refractive index of the

scatterer for range of values of the size parameter of the PL=( =10/ +1,),
scattererX>1.5.
We report here the results of a detailed experimental study Pc= (o= lerose/(eo+ lerose -

carried out to characterize the influence of the refractive in-F f th ial distributi fthe d f
dex of the scatterer on depolarization of linearly and circu-~OF Meéasurements of the spatial distribution of the degree o

larly polarized light in a turbid medium. Our results show polarization at the detector, the degree of polarization at in-

that for a given refractive index of the surrounding medium,q'vIdual CCD pixels along the horizontal direction contain-
ng the center of the beam was measured.

the influence of the refractive index of the scatterer on thé

depolarization of both linearly and circularly polarized light IIl. THEORETICAL TREATMENT
is rather weak for Samples with smaller-sized Scattefars FOR DEPOLARIZATION OF POLARIZED LIGHT
<\, g=<0.2. In contrast, for samples prepared using larger- BY SINGLE SCATTERING

sized scatterer&@=\, g=0.7), depolarization was found to _ o _ _
be significantly influenced by the refractive index of scatter- A theoretical model for depolarization of linearly and cir-
ers. A single-scattering theoretical treatment was used to ircularly polarized light following single scattering by a
vestigate the dependence of depolarization of light on théPherical scatterer has been provided in Ref]. Briefly, the
size and refractive index of the scatterer. The results of thes@lectric field vector of linearly polarized lighttssume that
studies are in qualitative agreement with earlier theoreticalh® propagation is along th&direction and the polarization

results of Kim and Moscoso and are also able to account foié along theX direction incident on the scatterer was re-
the experimental observations. solved into components parallel and perpendicular to the

scattering plangthe plane described by the incident and
scattered wave vectprThe scattered field due to each com-
ponent was calculated at the observation point using Mie

The 632.8-nm output from a He-Ne laser was used aheory in a far-field approximatiofi4,13. By making Euler
excitation source in our studies. It was passed through a pdtansformation the expressions for components of scattered
larizer to produce linearly polarized light. A quarter-wave intensity polarized parallgllj) and perpendiculafi ,) to the
plate was inserted between the linear polarizer and th&cident direction of polarization were worked out to be
sample for generating circularly polarized light when re-, _, _ 2 2ci 4
quired. An aperture was placed to limit the spot size of thelx_ =lIs(0)] cos'6 codp |S,(6)[sirf'
incident laser beam at the sample site to 0.5 mm. The dif- + 2{|S,(6)|2S1(0)|?*? cos b sirP ¢ coSp] (1K),
fused light emerging from the sample was collected with an (1)

f/3 lens after passing through subsequent polarizing optics

and was imaged onto a charge-coupled-de(@eD) detec- . :

tor (Apogee AP475, Auburn, California, USAvith an active 'Y= 11 = [1S:(6)[’cos 0 sinf cos ¢ + |Sy(6) [*sintp coS¢p

area of 13.3 mnx 13.3 mm. The samples were kept in a - 2{|S,(0)|?S1(0) |3 ?cos 0 sirP ¢ cog (1K)l
quartz cuvette with path length of 10 mm. The scattering )
samples used in this study were monodisperse aqueous sus-

pensions of polystyrene microspheres and silica microHere, # is the scattering angle anglis the azimuthal angle.
spheregBangs Lab., Fishers, Indiana, UsAThe mean di- |S,(0)|? and |[S,(#)|? are the scattering phase functions of
ameters of polystyrene microspheres were 0.11, 0.30, argtattered light polarized parallel and perpendicular to the
1.08 um. The corresponding mean diameters for silica mi-scattering plane for a spherical scatterer of radiusndl, is
crospheres were 0.16, 0.30, and 1,08. The refractive in-  the incident intensity.

dex of the polystyrene and silica microspheres in the visible Summing up contributions for all azimuthal anglpg
wavelength range were-1.59 and 1.37, respectively. The varying from 0 to 2r in Egs.(1) and(2)], one can obtain the
optical thicknesg7) of the samples was varied by changing average variation in the value of degree of linear polarization
the us of the samples through dilution. The valuesgafof  (Pg,) after a single-scattering event as a function of the scat-
the samples were calculated using Mie the@t$]. When  tering angle(6)

linearly polarized light was incident on the sample, measure- ot ot ot ot

ments were made to record the transmitted intensity with Po(6) =[1j7(6) = X)L (6) +17(0)]. )

Il. EXPERIMENTAL METHODS
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Depolarization of circularly polarized light can be worked

out by expressing it as composed of two orthogonal linear g 1‘0"0 $
polarizations with a phase difference #f2 between them. = A
The field for right circularly polarized light propagating 08 $

ariza

along theZ direction can be written as

Ein=Eq— JEoL,

0.6}

>
>

where 04

Eo||:Em =E,. 02

The incident electric field vectdiE;,) at the position of the
scatterer can be resolved into components parallel and per-
pendicular to the scattering plane and expressions for the
components of scattered fiel@S andE ) at the observation
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1 =11, silica

point can be obtained in a manner similar to that for linearly 10p ---c=::;;liu
..... =675, silica

==—1 =12, polystyrene

= ¥ =1=9, polystyrene

polarized light.

The degree of circular polarization viewed through labo-
ratory polarizers placed in thé-Y plane can be determined
by calculating the two componentg and V, of the Stokes
matrix [13] as

ls=1g+1_=[EjE +E E|]
={cog0|S,(0)]* + SO KK, (4)

Degree of Polarization

and 4 6
S . (b) Distance (mm
Ve=lg-1, =J[EE, ~E,E]] (mm)
- () 4 & 2.2 FIG. 1. (a) Measured degree of linear polarizati@riangle and
Cos 1 S(0)S1(6) + S(O)S(0)]AKT )l degree of circular polarizatioftircles from samples prepared us-
=2 c0s6 Sy 0)(1/Kr?)1 . (5) ing aqueous suspension of 0.M-diam polystyrene microspheres

. -, . . (open symbolsand 0.16um diameter silica microsphergsolid
Herelg andl, are the intensities of right and left circularly symbols. (b) The measured spatial distribution of the degree of

polarized scattered light, respectively. circular polarization for samples prepared using aqueous suspension

Summing up contributions for all azimuthal anglg$  of 0.11.um-diam polystyrene microsphergtine + symbo) and
varying from 0 to 27 in Egs.(4) and(5)], one can obtain the ¢ 16.um-diam silica microspheregine).
average variation in the value of degree of circular polariza-
tion (POC) after a Single-scattering event as a function Ofsamp|e5, prepared using aqueous Suspension Of}ﬂ’ﬂ.l'
scattering anglé6) as -diam polystyrene microspheregg=0.09, X=0.72 at

632.8 nm and 0.16um-diam silica microsphere@=0.18,
— tot tot,
Poc(6) =[Vs(O)/157(6)]. ®) X=1.05 at 632.8 nm The rate of depolarization for the two

The values for the scattering matrix elemelSs6)|, |S,(6)|, samples is seen to be similar. Fgrther, consistent with previ-
and S3(6) for a scatterer of known radius and refractive 0Us reportg7,11], for both scattering samples, the degree of
theory [13]. The variation of degree of linear polarization Polarization with increasing value ef The observed larger
[Po.(6)] and degree of circular polarizatidiP,(6)] as a  depolarization of circularly polarized light in these isotropic
function of scattering angle after a single-scattering evengCattering samples arises because, while backscattering does
can thus be worked out for any scattering medium withnot affect linear polarization significantly, it reverses the he-
known size and refractive index of scatterer and refractivdiCity of the circularly polarized light, leading to rapid depo-

index of surrounding medium. larization of circularly polarized light4—6,13. In Fig. 1(b),
we show the measured spatial distribution of the degree of

circular polarization for three different values of For
IV. RESULTS AND DISCUSSION samples prepared with either polystyrene or silica micro-
spheres, a distinct peak around the beam center is observed.
Measurements were carried out for the spatial distributiorFor comparable values of the degree of polarization at the
of the degrees of linear and circular polarization at the debeam center, no appreciable differences are observed in the
tector for a set of scattering samples having the same scafull width at half maximum(FWHM) of the spatial distribu-
terer size but varying. In Fig. 1(a), we show the value for tion of the degree of polarization. Similar results were ob-
the degree of polarization at the pixel corresponding to theained for the spatial distribution of the degree of linear po-
center of the ballistic beam as a function ofor the two  larization for these sample@ata not shown heje The
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FIG. 2. Theoretically computed values for the degree of linear FIG. 3. The measured spatial distribution of the degree of cir-
polarization(triangles and degree of circular polarizatiqnircley cular polarization for samples prepared using aqueous suspension of
after single scattering as a function of scattering angle for bott0.30-.um-diam polystyrene microspheredine + symbo} and
0.11-um polystyrene microspherg@pen symbols (n=1.59 and  0.30-um-diam silica microspheregine).
0.16-um silica microspheregn=1.37 (symbols with cross inside
suspension in wateiNmegiun=1.33. 0.30-um polystyrene microsphergX=1.98 andg=0.65 at

o ) . 632.8 nm and 0.30xm silica microspheregX=1.98 andg
observed distinct peaks in the spatial spread of the degree ofp 61 at 632.8 ninfor three different values of are shown
polarization arises because for these isotropic scattering, Fig. 3. In agreement with previous repopgs7], the varia-

samples, the transmitted light located at the beam center |S,,<"of the measured degree of polarizatioreasured at the
ixel corresponding to the center of the ballistic bg¢a®s a

primarily contributed by unscattered or weakly scattere
(scattered at narrow angl@hotons that maintain its initial Junction of r for these samples did not show any appreciable
difference in the depolarization of linearly and circularly po-

state of polarization. In contrast, the transmitted light locate
far away from the propagation axis is dominated by multiply,” . ;
scattereyd photonspthzft guffer series of Iarge—anglg scattgr?/A nzgd I|ght(data not shown hejeHowever, the degree of
events and are therefore depolarized to a larger extent. Wi _Iar|;§tlon was seen to be destroyed faster for t.he samples
increasing value of, however, the fraction of the polariza- With silica microspheres as compared to those with polysty-
tion preserving weakly scattered photons reduces graduall€n€ microspheres. The degree of polarization reduced to less
leading to flatter profiles for a spatial spread of the degree ofan 0.1 forr=14 for silica microspheres as comparedrto
polarization. For a given value of, the sharpness of the =24 for polystyrene microspheres. Further, from Fig. 3, it
profile for the spatial spread of the degree of polarizatiorcan also be seen that for comparable values of the degree of
would depend upon the rate at which the value of the degrepolarization at the beam center, the spatial distribution of the
of polarization decreases with increasing scattering angle afiegree of polarization for samples with silica microspheres is
ter individual scattering events. In Fig. 2, we show the theosharper as compared to that for the samples prepared using
retically computed values for degrees of linear and circulapolystyrene microspheres. Similar results were also obtained
polarization after single scatterifgomputed using Eq$3)  for the spatial distribution of degree of linear polarization
and(6) of Sec. Il as a function of scattering angle for both with the difference being less pronouncethta not shown
0.11um polystyrene microsphere®=1.59 and 0.16um  here. In Fig. 4, we show the theoretically computed values
silica microsphere¢n=1.37 suspensions in watén,eqium  for the degree of circular polarization after single scattering
=1.33. For both these scatterers having different refractiveas a function of scattering angle for aqueous suspension
indices, the values of the degree of polarization at all th&n,eqiun=1.33 of the two 0.30xm-diam scatterers, one hav-
scattering angles are observed to be similar with the degreag a refractive index of 1.59 and the other with 1.37. The
of circular polarization being lower as compared to the de-dnset of the figure shows the scattering matrix elen®gta
gree of linear polarization. This is consistent with the ob-measure of helicityas a function of the scattering angle for
served similar FWHM of spatial spread of the degree of pothese scatterers. The values3f have been normalized with
larization for these isotropic scattering samples with eithefrespect to the total scattered intensity. The figure shows that
polystyrene or silica microspheres as scatterer. The expetior larger scattering angles, the degree of circular polariza-
mental and theoretical results presented above show that faion is lower for the scatterer having a lower value of the
samples prepared using smaller-sized scattef@rs\, g  refractive index(silica microspheres Further, the inset of
=<0.2), for a given refractive index of the surrounding me- the figure shows tha$;; goes to negative valugmdicating
dium, the depolarization behavior of scattered light is nota flip of helicity) at a smaller scattering angle for a lower
significantly influenced by the refractive index of scatterer,refractive index scatterer as compared to the scatterer having
with the depolarization of circularly polarized light being a higher refractive index. For linear polarization also, for alll
higher than linearly polarized light. scattering angles, the theoretically computed values of de-
The measured spatial distribution of the degree of circulagree of polarization were observed to be lower for the scat-
polarization for samples with aqueous suspension oferer having a lower value of the refractive ind@ata not
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from the figure that while for samples with 1.@8n poly-
styrene microspheres the degree of linear polarization fall
sharper than the degree of circular polarization with increas-
ing values ofr, there is no appreciable difference in the
depolarization of linearly and circularly polarized light for
samples prepared using silica microspheres. Further both de-
grees of linear and circular polarization are observed to be
preserved up to a much larger valuerdbr the samples with

1.00

e
&

0.50} refractive index - . . -
—_— 150133 polystyrene mlgrosphe_res._ Consistent with previous reports
- —- 137133 [4,11], the spatial distribution of the degree of polarization

Degree of Polarization

X =198 . for these samples with larger-sized scatt¢ie@8 wm diam-

0.2 L L L L eten was much flatter than the smaller-sized scatterers with
‘ioo 025 . 050 075 1;00 no distinct peak at the beam center. However, the spatial
Scattering angle (radian) distribution of the degree of polarization for samples pre-

_ _ pared using silica microspheres was slightly sharper than for

FIG. 4. Theoretically computed values for the degree of C'rCU|arsampIes with polystyrene microspheres for lower values of

polarization after single scattering as a function of scattering anglerhe results presented in Fig. 5 show that the difference in
for both 0.30um polystyrene microsphergs=1.59 (solid ling)  gepolarization behavior between scattering samples having
and 0.30um silica microsphereg=1.37 (dashed lingsuspension  gifferent refractive indices of scatterers is much more pro-
in water (Nmegiun=1.33. The inset of the figure shows scattering noynced for samples with large-sized scatterers. Further, the
matrix element; (normalized with respect to total scattered inten- jnfjyence of the refractive index of the scatterer is seen to be
sity) as a function of scattering angle for these scatterers. more pronounced for circularly polarized light. It is pertinent

... to note here that the value foris larger for samples with

shown herg The lower value of the degree of polarization silica microspheres. Therefore, the faster depolarization ob-

and the sharper fall of the degree of polarization with sCalvarved in the samples with 1.08n silica microspheres as

tering angle for the low-refractive-index scatterer is consis- : :
. . -~~~ compared to those with 1.08m polystyrene microspheres
tent with the experimentally observed faster depolarizatio P 0Bm polysty P

. . L tannot be explained by the anisotropy parameteThese
of polarized light and the sharper spatial distribution of theresults are in qualitative agreement with the results of the

_degree of polarization for the samples with lOW'rEfraC.t'Ve'theoretical study of Kim and Moscogd2]. The reason for

trt’his difference in depolarization behavior originates from the
Jifference in the nature of the scattering matrix elemésis

refractive-index-polystyrene microspheres. These resul
would indicate that for these anisotropic scattering sample - -

L ) X and of the two scattering samples having the same
the polarization state can be used to filter out the multlplyref S39) g P g

ttered photons from the weak ttered photons mor ractive index of the surrounding medium but different re-
scatiered pnotons irom the weakly scattered photons Mok, e indices of scatterers. In Fige, we show the theo-
efficiently for samples with a lower refractive index of the

retically computed values for the degree of circular polariza-
scatterer. ... tion and degree of linear polarization after single scattering
In F|g. 5, we show th_e value for the degree of pqlarlzatlonas a function of scattering angle for the aqueous suspension
at the pixel corresponding to the center of the ballistic bean?n .=1.33 of these 1.08«m scatterers with refractive
as a function ofr for the samples having 1.08m-diam mediun™ - - '

polystyrena’X=7.13 andy=0.92 at 632.8 niand silica mi- indices of 1.59 and 1.37. For larger scattering angles the

_ a degree of polarization is seen to be lower for the scatterer
crospheregx=7.13 ancg=0.95 at 632.8 ni It can be seen with a lower refractive index as compared to that with a

higher refractive index, with the effect being more pro-

= 10 5. nounced for circularly polarized light. The scattering matrix

.g 6 elementS;; as a function of scattering angle for these two
08 o o scatterers and for a Rayleigh scattgigiameter of 0.1lum

'g N and refractive index of 1.59s shown in Fig. ). The figure

K 06} o shows that while for the 1.0g4m scatterer having a refrac-

a 2 tive index of 1.37,S;3 changes sigtiindicating a flip of he-

"5 04 A licity) at an angle~90°, which is closer to that of a Rayleigh

s o scatterer, the helicity flips at a much larger scattering angle

a 0.2F a o for the 1.08um scatterer having a refractive index of 1.59.

5y a A A Thus, for the same size parameter, the depolarization prop-

(= 0'00 0 20 30 40 50 60 erties of the lower-refractive-index scatterer appear compa-

Value of © rable to those of a scatterer with a smaller physical dimen-

sion. This would explain the observed faster depolarization

FIG. 5. Measured degree of liner polarizatigriangle) and de-  in the samples with 1.08m silica microspheres as com-
gree of circular polarizatioricircle) from samples prepared using pared to those prepared using 1,08+ polystyrene micro-
aqueous suspension of 1.p8a-diam polystyrene microspheres spheres. The results of computations performed for several
(open symbols and 1.08um-diam silica microspheregsolid other scattererésizea=\) confirmed that, for the range of
symbols. scatterer refractive index 1.35—-1.8, even though the value
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result in a larger depolarization of polarized light with the
effect being more pronounced for circularly polarized light.

It should be mentioned here that the observed dependence of
depolarization of linearly and circularly polarized light on
the refractive index and size parameter of scatterer would be
valid for the narrow range of these parametgedio of re-
fractive index of scatterer to the surrounding mediamg,
~1.02-1.4,X~0-10 investigated in this study. However,
for an even larger refractive index of the scatterer, a different
behavior of the depolarization of polarized light may arise
due to the pronounced effects of resonance and the interfer-
ence structuregl3]. It is also pertinent to note that although
the single-scattering theoretical treatment presented above
does provide qualitative agreement with the experimental re-
sults, a quantitative evaluation would require incorporation
of the effect of multiple scattering.

1.00

jon

t

ariza

0.75

Degree of Pol

V. CONCLUSIONS

To conclude, the results of our study show that for
samples prepared using larger-sized scatteftass\, g
=0.7), the depolarization of both linearly and circularly po-

% 04 larized light is significantly affected by the refractive index
7, refractive index “\ Al of scatterers. While for larger scatterers with higher value of
N .08—1.5911-33, X=713 ‘}\ ". refractive index linearly polarized light depolarized much

y :':_'_}i;ﬁ% ’;:z;g "s,.'_.\“_ faster than circularly polarized light, no appreciable differ-

L L L L . L ence in the depolarization of linearly and circularly polarized
00 04 08 12 16 2.0 24 23 light was observed for scatterers having a lower value of the
(b) Scattering angle (radian) refractive index. Further, for comparable valuesraindg,
depolarization of both linearly and circularly polarized light
FIG. 6. (a) Theoretically computed values for the degree of was observed to be higher for samples with scatterers of a
circular polarization(circle) and degree of linear polarizatiqri- lower refractive index, with the effect being more pro-
angle after single scattering as a function of scattering angle fornounced for circularly polarized light. It might be useful to
both 1.08um polystyrene microspherés=1.59 (open symbols  relate these results to the differences observed in the depo-
and 1.08um silica microspheregn=1.37) (solid symbolg suspen-  |arization of polarized light between the commonly used tis-
sion in water(Npegiun=1.33. (b) The scattering matrix elemeSt;  gye phantoms and actual tissues. It appears that the differ-
(normalized with respect to total scattered intensity a function of  anca in the relative refractive index ratio of tisquefractive
sc_atterinhg anglel_Lorl_aqueflésé suspe_lr_15i0n of Juﬁﬁ-polyztyrﬁng indices of scatterer and surrounding medium a4 and
microspneres(soll ne), 1. m Sllica microspneregsaasne .
line), aﬁd O.lsium polys?tyrene 7(r;icrosphere{elottecri) Iine.s{ 1'33_;['35’ reSpeCtIVGMG'lﬂ’ : re'-~1'04) and commonly
used tissue phantonieefractive indices of scatterer and sur-
rounding medium are~1.5-1.6 and 1.33, respectively,

n ¢~ 1.2) would be an important factor contributing to the
for anisotropy parametey of a lower-refractive-index scat- differences observed in the relative behavior of depolariza-
terer is comparable or slightly higher than that of a highertion of linearly and circularly polarized light in tissue and
refractive-index scatterer having the same value of the sizeatched tissue phantorf8-10. This also would contribute
parameter(X), the difference in the nature of the scatteringto the observed faster depolarization of polarized light in
matrix elementyS,;, S,, and S33) of these scatterers would tissue as compared to matched tissue phan{®ins
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