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Simultaneous Measurements of Particle Size and Refractive Index by
Using the Polarized-Type Phase Doppler Method

Naomichi YOKOI*?, Yoshihisa AIZU and Hiromichi MISHINA

*2 Department of Mechanical Systems Engineering, Muroran Institute of Technology,
27-1 Mizumoto-cho, Muroran-shi, Hokkaido, 050-8585 Japan

A novel polarized-type phase Doppler method is proposed for simultaneous measurements of
particle size, velocity and refractive index on the basis of the phases of two polarized Doppler beat
signals in a single scattering direction. Light scattered by a moving particle in a certain direction
is divided into two rays, which are then detected with different polarization angles to transmit
dominantly reflected or refracted rays. Signal phases of these two rays are measured with respect
to the phase of beat signal obtained by the reference detector. The particle diameter can be
determined from the phase of reflected ray, whereas the particle refractive index can be obtained
from the phase ratio of reflected and refracted rays. We carried out numerical computations and
experiments to confirm the usefulness of the proposed method for simultaneous measurements of the
particle size and refractive index.
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Fig.1 Polarized-type phase Doppler system for the present study.
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Fig.2 Theoretical phase-diameter relations for refracted, reflected

and reference rays.
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Fig.4 Boundary refractive index m, as a function of the off-axis

angle ¢.

T, SR L, RREERSERICNES o
7o 1 ROBERTROLNEREALRL, KT EEEORER
BT D RH L BT AN T2 HECh S, FERE
REEICHE A, £ HE & BITOIRE, MRS ORMER
BRI/ OND oD, KBEBRROYBEN L2 BELY RS
WKITAB Vo EREEZETS. £, R (1) & (2)

1, o Ly E HIZOITERTHRIT/AE N & ) ETR
DHETHRIMTAELURNTH . 2 D% “Refraction”
& “Reflection”i, JiF & L TH £ A1=632.8nm > He-Ne
V=V —REREL, BIEMRE LTKFORY XF
LBk (m=1.1919) %% x =&, PD,, PD, D& HH

HBRFORNEZBBE S, €ORKR, KIFOMEICH
THOHERERMLARZNEZDTHD. Lo, X (2) %
FRTHIE, m BRAOOBETHLERO O, GRFHE d,
BERETDHLENTED.
=%, R (1) &KX 2) OFHF»S d, 2HEL, B
PR m LG/, DL LTRDD L,
e SR IR

BT (s)
m= B
(e (@)
: 1+C J\ &

LRy, EROQ/O, PHEITE m ZWRETE HFRE
HERLTNS,

H3ik, AKFORY ZF LUK (m=1.1919) ¥ a=4.2°,
y=3.05°, $=30°~45°, BEHREHA0,=45°TRET

BEEITONT, O/P, & m OBEFEERX (5) »HHE
LERRTHD. ZndV, ¢/ IZRANTEZLND

ERBTE m,
2
me = 1—+E ....................................... (6)

WBWTEKXKEBELZ LD LI RBEHERDZEHDRD.
LoTm=m ZBRNT, REORIEENTOYP, T3 L
250 m OERRDBEFROBHERVBS. oF
DAFETIE, EROMBEE»OEBIFEE —RMIZR
ETE7012, Ho0 COBBERLFOEITEN m X
DHEREDHDNINNEVWIBEHERPLETHD.
X (6) L0, m BAFERFHEOLNLREINDZ L
Db, M 401, a=42° y=3.05°OHAEIC, #@HiTT
LADEEE LT m 23K (6) LVEHELT Y L
TR THB. oWz, m, WEFHEMTE L n
bnd. ZOXIC, KERPRENIT m, OEIZES
WWHETE L. 28, alydBEE LEBEIZONTDH
RO EIT > 7288, m 11T & A EEBR SRR
SO TIZTIHERT S, AFETHBRITL TR

— 128 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

XA Y v 77 — k2 HOIRFR LB RO EREH ‘ 1425

WA, m BBV E L EREIT ORI OV T, B
HNmELRBICHAL, ThEeBMEFELEHDI W
3 Mie BRICESEHE U BELERESH & OB
EITH L TRRT DR EOFERDD LEBLND.
EZAT, BIE m OBEICBNT, DOt
THRAERENEETHY, Zid

s:i& ....................................... (7)
Codml| o,

THEZLNG. s, DENKREVIEL, K 3 FOXEMEH
BICBT 2 EROAEIIRE L, ZThiE m 2EEEIC
BET S ETHERTHS. K3 ORI, m L) REN
BHFROEE, 8ILT LA 45°5 0 30°0 5 A
KL, BVBERENELNDZLERLTND., —
FlE LT, B3 Te=30%FIR L m=1.1919 DK F %l
ETHHE, s=—1.12 L7220, Zhide, &% & biZ
ldeg AN OBETHENITEITEL 10° 04 —F —F
TERICEHBTEAZLERLTNS., Z0 L5 RFE
fliicE-S3%, BROBEERIZBWTiLe=30f1T%
BELE. RBENETIING E Lo kdd, BIfR
Bom, Lo/hEn (BXF 1 LUT) BFIIXLTHE,
3 XV oDEICEL LT EOHBROAELNRYKEL,
s, MEED TEWEZ TS Z EREH LMD, Lids
T, BIFRS m, TV KREVFEICHBELT, L0 &K
ERBRRAESHEIND. SEIL, BRTHERT
DEBRECES SHD m LV REVEREZSR L L
0, A%, m LV /AESVEBETORREITOFETH
5.

2.2 BERERBEXOIMEH  FLE PDA T
i, BELBRICE VR L BRARENCRLRD R

Linearly polarized
illuminat

Reflected ray

SO(S)
(p)

)

Scattered light

Refracted ray

E\SI(S
S,®

Fig.5 Schematic description of the polarization change in rays

reflected and refracted by a small particle.
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Fig.6 Computed scattering intensity patterns for the reflected and

refracted rays.

WL RTZEEAFB LT, 1| FROBKIELE»LEDE
EABBRELTVWA. 22T, AR PDA HFERIC
BIIBFEEXFAXOSHESFELHEICHHAL, &
SIS EO BRI LTBITE E KAt REFICSTBE
T AR ORBEREENA L, BANFEURT—K
{t. Lorenz-Mie P 7% ( Generalized Lorenz-Mie theory:
GLMT) @V @21z X D ili4 5. 2 2T GLMT &1, KL
FILEARBEOBELCEL, HNFREXERKHL L
T Maxwell BREFEROBREMELEL L, KT ONH,
BIOAICBITIEREZHERRBELLELLOTHD.
503, ARXOREAE T RDOLER N7 MV E O
EBEN yz FEICH L TAE, THEHED, BELIC

s
A

“, Reflection |

Refraction

Refraction dominant | .
(No reflectieti)
25203

Reﬂection‘dominant
(No refraction)

Fig.7 Determination of the analyzer angle for transmitting

exclusively reflected or refracted rays.

— 129 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1426 B R Y 77— O R TR & RT R0 B

LORADEZ RMAEENIITLEET L THS.
—MRIZ, BTt RESORE AT, L B2 5. #BELE
DIRIEA N,

SY sinw n n
=tan| S P | _Z<opy<= o
mw (S}}’) cosm, ] 2 mw 2 ®)

EREIND. O D o, 5w, sPIFE e, B
ELERIE GLMT 2 LHETE 2 HELIRIELZF L, #
HTEICEE (s) ROKFE (p) REXEFHESTH
D, bR, BT LABEEE LTELALNRS.
72, N=0 BRE, 1| BBITRICHIET 5. X 6 ik
ZEITT LA, MEEAEEL LT ey b LB
SREST (m=1.1919, d,=50pm Zxt%) 277, Hick
O AL, BER |50 & KT sof DHEEIT
X LA 00 180°FHEZRVTRERERAE LS
O, M7 POERTELLNARNEALBEELRE
ERTFRINDG. —F, BIHIRsof & |sof OBEZAL
HIES LS, Lo TRAAICKE RERI RN &
DR TE D,

ZIZT, KFORY ZRF LUK (m=1.1919) Ra=
3.99°, y=3.04°, ¢=30°, ASHMWHEAw,=40°TRIET
BEBICONT, B REXE BT 200K
BRAFELZIMETE. xRy, B0 ER
THEAINDIEHIIZE-KTD. KMAEEELILS
BonzR 8) #EXIE, BFAEORLEAIIE X 2,
=38, R KDRIEAITBLE=51° LELh, @
BT 13°0EBNET L. AR ZOREAHOER
0N VIE LN BET D L TEHENTH DN, &
ENIEIC AR BITROBERELELEIELERNTY
ENESSRETDIED, REAOCEE+HIRKELED
TENTERpok. B 71X, RENXEBIFEEE 4B

300

m=11919 ' P
=3.99(deg) y
"v=3.04(deg) a

4=30(deg) ]
100 .- N

200

Phase (deg)

-100 ]
------ Reflection (D1
1st.refraction

-200 —0— Analyzer angle -52° B

| —&— Analyzer angle -39°

—<O— Reference
_300 1 1 L Il
0 10 20 30 40 50
Particle diameter (um)

Fig.8 Simulated phase-diameter relations for refracted, reflected

and reference rays.
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Fig.9 Flow model used in experiments.
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Fig.13  Measured refractive index versus measured particle

diameter. -
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