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Abstract

Light scattering is an important research field in optics, and great progress
has been made in its theory and applications. The general scattering theory
includes electromagnetic scattering, sound wave scattering , electron and
neutron scattering in quantum dynamics. By the method of scattering, quality
and quantity characteristics of matters can be studied. But this dissertation
only focus in light scattering by small particles and Stimulated Brillouin
Scattering. The former is of linear light scattering, which application is
ranged from particle sizing to atmosphere aerosol detecting, the later is of
nonlinear light scattering which can generate phase conjugation wavefront
used in correcting phase distortion in laser systems. i

This dissertation include five sections (chapter 2 to 6): single light
scattering by sphere small particles, theory of dynamic light scattering, Monte
Carlo computation of multiple light scattering of small particle layer,
arbitrarily shape small particle's light scattering, and laser amplify system with
Stimulated Brillouin Scattering.

A review on the five contents is given . Some methods in research
documents are briefly introduced and summarized, which using conditions and
shortage are discussed also.

~ Based on rigorous analytic solution , which is called Mie scattering
solution, the computation of different size , refractivity (real and complex) and
wavelength of particle scattering is obtained and discussed.  The single
scattering is the base of multiple scattering computing . The results also
indicate that for the particles of size compared to light wavelength, the
scattering angular distribution  strongly depend on the refractivity of the
particle. So the method based on measuring angular distribution of scattering
intensity is invalid for these particles. Sizing for particles of nearly or small
compared to light wavelength must used other methods independent on
physical characters of particles besides their sizes.

Followed the discussion about the scattering intensity dependent on
refractivity , Dynamic Light Scattering theory, measuring the small sphere
particle’s size ranged from millimicron(nm) to micron(um) ,is introduced .
When small particle is in Brownian motion, the scattering intensity has
fluctuation in temporal axis. The theory make it clear that the correlation time
of this fluctuation is corresponding to the particle size one to one, independent
on the refractivity of the particle. According to the theory of stochastic signal ,
the time shape of scattering intensity fluctuation is simulated by computer, and
analyzed by correlation function. Also, on the basis of fractal geometry, the
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témporal fluctuation show some characteristics of fractal . Computation result
is obtained on the relationship between the fractal dimension of scattering
intensity fluctuation and particle's size, this can be used to measure the
particle's size .

Monte Carlo method, computing the multiple light scattering of plane
parallel particle layer , is studied. The consistence of Monte Carlo method with
the rigorous analytic solution for the differential-integral light transport
equation is discussed in theory and in physics. Program is compiled to

compute angular distribution of scattering intensity in various particle size and -

numerical density. In the back-half plane, the scattering intensity has relation to
the particle numerical density. Through the discussion on surface scattering
_turbidmeter, measuring of the particle density has both wide dynamic range and
linearity in some incident and receive angular of the light.

Based on rigorous electromagnetic field theory, the volume-integral
equation combined with moment-method to compute light scattering by
irregular shape small particles is analized. Because nonsphere particles .have
problem of orientation , computing results of linear and column shape particles
are obtained after averaged by different orientation angulars. Discussion on
different length of linear shape and height of column shape particles are also
made and compared, which agree with physical explanation.

Optical phase conjugation by Stimulated Brillouin Scattering (in SFe gas)
is studied and applied to the laser double-pass amplifier system to correct phase
distortion due to laser rod's heat-lens effect. The experiments are demonstrated
and indicate that in order to have high reflectivity and phase fidelity of the
conjugation mirror, the incident laser pulse must have slow rising edge , long
pulse time , and matching of coherent length and Rayleigh length to fully
induce the phonon fields that reflect the incident laser pulse to the conjugate
wave. In the system combined phase-conjugate-mirror with the laser amplifier
system, it must be insure that the light from laser oscillator has low energy and
divergence. Then the first-passed pulse through amplifier and incident into the
SBS cell can have high reflectivity and fidelity. The reflected phase-conjugated
wave pass the amplifier secondly, compensate phase distortion in the first-pass
while amplified in saturation. High energy , low divergence and pulse-width
compressed laser pulses are obtained in high repetition.
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By |
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MILAK¥EFEENBRX

A AR ki ke skt FAEE Bk 808t, ERER T
THERBIFRS6)(87). ¥ RARKFEEIRBMENHKETE RS
BEW—F 77 [98][99][100], TEMAVEIEL4TMIN4E. :

§13  EEOLRGY

IS SB B A Hi R (Dynamie Light Scattering, DLS) & 5@ & X #40ks th 5
Brown 322 SUEMBUADERERERE Z o8, MWMBFRGUNE T, 3R
FMETSCRE B GR A RRGoR, Bdudi, FURSPAIHE, SO T8Rs
RIS TEESE MR R ST SR — ROk iE. ERESTe SR, X
hi T RATEOGERKRE, 8 LURHBAGR r E T oh ITER 2, B8
Fraunhofer fiT57, & A m /M X389 BUET % A58 B S B e 50 T 09 R FE 40 4.
LR FHOLE KT LALL IS, A8 Mie BUSTRIESEHITBE, HFHME S
ik, PERTFRORES . EEB TR FORT MBS EL e 5k KT
By, BARMKEI TR FARGNWEER, b FREE, LA THEETFE
THHREN/UMRERGE, WEERNEEREL B FRRSTE/NE, Wl
T4 nm 8L nm B, K ITHIE X TR BRI f 2 IR H Rayleigh 8813
i, BESEERA SR THRNIR, BEMANSRFRTHNEKT
WIEH. HTE-BHNELT, 8 TRERRMN, FEHAEES st
oAV Ry 4R TR E R RER T AN R, AiE T E B TASRRAE
[EERBA B LA AR IBR TR, BB AR IER N T HRAMES KT
Bl R{ERFENAEMEAEDNE LBRREN BN ERE TS — 1 TLLETE
WFRENSE, BES R B RN ZR 5 FRO RN —— %

FERNE A B BRI ARG, 24 TR MR e 854 B0
WX fEH . BB AT BT LB AT 1869 4E /1 Tyndall 2R, FRLATE S 2 58 8
ST PR Tyndall 2082, AIRLAJS, SCEUSHE B O TR &K, KEEBK,
BARRLF, BT RELVSES— R A7 1. LLGECST X F o | ao i gk, X 45

ETiE s 500 ET, X3 ) FHn e g st o5 i, & E—k 2 0 & &gt
FeEy BT IR Z (s 1, R TSN, AESH RS, 1R A7,
FERTAT 1um BERIREST. BHI—S% R0 TYERTE 40 %50 ¢
RITHHY, FTLLZ I Kerker 1 Van de Hulst BIE TR [3][4). 318 LR R IH
ARF R T EEBR D EN B RS T8 TR FREMNS . Bs bl
BT LB ST B 047 X, KB BB TR 25 % BUN IR I T ALY

M EIZS AU, P AR5 MR 77, TR & 5 3 B R At |l 2 4R
RIARL 4. S B T4 F LAY Brown i& 20 eh, B ¢8R i vend ] _E R EL A
EF 2R EHHE R BLETE, TR TS MU T & R AT B R ma T
BRANT 7 ARy, FIER T T 502003005, B 60 (EIAUS IOt iRy R B fiE fEm 12
B, AN T B 220 B i), 25 10 4 T IE IR, B3t RS4RI T 1

—
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BRI K0+ 8 it X

wEES SRS T LT ES, XSRS I RS R T A
B EIER TYERE 32 & Standford K240 R AY R.Pecora 7 HY/NE A
(). Pecora 38 1, 180 7247 K2 T-78 3 mP B 6 RO B0 43 A e (8] 8 < R 4,
o LR AR FRIBI I F S5, IR BUR R0, EHUS RS, H AR
SFRIRGT, BRI T &, KRR 1 R Bk s #3005, 1R
e REER T 7 T PR, T A BT EEZ Doppler UV HIRBE, AR
SR 4 F Brown SRS M ORI &, SUREIE Iy P12 A, J6 R0, BL/TB 2
Boltzmann 775, B CE A CH S T2 S YA LR I A0S A 0.1
100z, BV Fabry—Pero T (AT /47t 21 -4 FXER).

HEA 70 SRS, SBR FHRAT R EARSESE T CENER, hohast
BOR AR R IR M T B EF B shASOLEUN O T I E e A ERE(E, Wt
SBKFARRERA, TESuA45 10 LR it PRI oA AN LS SR IERY, AR ABNEE K
HEETFHRAE, RS, RERGE THRNES, I PMT. 55b, R8I R ]k
75, Brown iZ B HTFR BB EIZY, ML BEIE R, HSQB A A RZ R EME ms--us
BB, FL RN R R A E MHz. U7, FIATHFRALEAT L+ MHz #IR
CREAEA, FEAEGNRERESETRENZIEAE. Hit, HRENE
SHUEB ST IR R RS

BILAT I, SRS EORER TROE, bR TSI BN RE
RFMBEZHIRZARY, FrRCHR TR B EORFE R F &5 2] T 421,
LRI, #UEITGPRES, WEAER oy e At AUER B0 BME I E L
RETEE. (EERE TR, R ShAS O AT IS AL BUATRLE 2 B R
PRATERCRRE A 80" SRR AT, SRR T ShAE R RLE 1
EAio)oAi e

A B E R T 250, BIERY, WA THEBEFHREZ—
A EENURTE, Ml SR A RRIR AR, RERMR AT
BV, WRBLANE, FTUETHSOGES R MO8 BRI CREL
MM EEEPRER 20, EEREDMEDLLYR S, HMPERNZTdE]
VB3 shs 8O R EmLlyit. EHEMENITm, MR EHTFS
HRELECKSEDRIEER, IRMAHE T RBREEET 0, —R5nd ok,
FAMBTE B e A PUEATER. BB A E L U KRR T E A
HEHESREHEEEN AT

RS RES R XEkT, FIILETLUER B2, BiIFEELRE
FHENE L

1 R E AT Quasi-elastic light scattering
2. FHIKIEY: Photon correlation spectroscopy
3 GBEEILTEESS Intensity fluctuation spectroscopy

HRIZETT T AR FT SRR IR A, W LA LR T 25 1130 (31][32].
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§ 2. £ BEHUH

£ H Y HUTHY AR AR R B 15 TR AIENZ L (Transport
Theorv) . fEHF IS X Fr A £ K BUNTRIS, AT AR IENRE Twersky ZEIE RS TT
F2[43][701[71]. ‘BRI Maxwell FR2HH %, 5] AR FRBUE IR, 88K
FERWFEEFE MRS HRE, BN LXMERSHR T TE L KE,
RIS R IOY, B T ARG B H AR, BATTEREARE S, R
FH TN R R T4 BN TS B RATHE — AR A %
¥, THIE X R T AN — MR B T RNER. RN ZELH BE
BT EEHARETFH% T Feymann B WFERITIE, 5T LUAPHED RF-H3507
Dyson 75 F2 LA J 48 55 R 3L Bethe-Salpter 7772, SR B X &TT RN B T3]

B E B RRTHMN, EEH R FRIEMER, TR4EED Twersky .

Ry 7rER. oI, AR BN S R RTS8, TR R 12
e, ETRITRLNEET ISR Thimara HFE[43).

YEERICHE, TREETIORBLTAARTRA KNGS, 2
VHERANNE, BRASHIEHER SRR, MRS E LN RH
WA ER-BH. ESERS GRS EIRERRERN, FER
ERT AR TRLIE, WA, ARSCHR Y MR FLAIE4E L
RRSTHACTER, BRAATHEEIE.

B RN BN REARE T, TR X — R PR

1.— 4 £ R B [64]: Jerlov TEXTHEE K ZE PRRLFHICESHTESER T
T E A IR T A LGE R — MR EEE/NT 0.4 B, AR ZH0H
s T = RIRT /M X B — B0, AR FHLK R AR R, I5E R RIS
Rl R—ik.

2,38 5 3B [65]|66]: 45 2B YR BUTAI— R £ R HU AL, B RIS TER TR IX
FeBF 505 Johnson F1 Reynolds 7 BF 5% ML 387 45 Ml (R B o, A B B kL ¥
EREREAT 1% B, 77 LAAT I BUE L. 168 5T DL TS EGR AL A E ST I
F1, £ R S TR B RE TR AE.

3. AR [67][68]: TR EASERLT A BRI E R AN [
EmE R ATR TR NRMETEIEEE, AN RZRMEE R E
BT E S, TR HLS SRR LI EEE, (BASTRMEE R, ERNAEIE.
TS RENEhEERE, W T EENIEMRICH AR THARNEE.
Bissonnette FiZ77 WA T 6@ T S F{E SRR

4 2 1 FIHE ST Aok TR (DL [43][69]: E %77 i BB LA R BUSF YRR AL
S % fnt Fourier A8 H AT DU % B UMM IEITIZ. T AR S ERUY
W AT AT — e R R U KPR ORI RN SIS S,
WEE Rayleigh 51, & MAVEEUEE —MREFRYIEEL HEERFRAZERT
Sk e AR R, T AR TR, BB T ISR B A ERT A A A, DA
AT 62 4 540577 12, 64 B NI DUBCSY 5 72, U477 Fourier Ry Ty kit TR A
Ishimaru ¥ {E3 T -—ERIIFE. |

13




3

VT K % 1 4 2 i

S.ERUUAAREREE[72]173]: ELEEILTE Gauss FEREM E, IR FAFEHA
w77 A AR AR AT R e, FERELE T KNS ROTE. BrLERE
WIE T E R SABSRER. BT EWNITE S, EEIRA, B ARNER M ETT
1) E AT B B TR B X 40 o) AR AR BT BT RS B RO T X I O T Y B HL L. Liou
#1 Stamnes ¥ 2] Z A TRAETHE EXSHETMAE.

6 AR ABIE[[74]: EERTER TS THER, EERRENFE
REAFGTRERES. BN TEITRN R, Jo [ A R LR
EEHA— BT R ERZR, AR TR Z e e T, 7E5UE
B, R s (ARAR BT A RN LA R, E R AR FE R BT EA T
# AT BELS BB B 35 Adams EXTHAE T HE.

7.ERE R EUE[62][63] LT RS E EXLEUAMOL THIE A M TR AR
BEGHTRIT, SR RMETN — i TR M R EFE 1, XEWREM
H1 T EEA R B R A TTRk AT LA B RS R, XAE P FRIST R iR 0 P il
1. 1B 2R &M AR BB BT R, FrEA Marshak #1 Federighi
[43) 41 T —#M T FEFITN EENE MR F R L REELTIEN
HEBR TR 21,

8.GaussHE[43] B X T4z 77 FRA RS M BERR 4T R B GaussTR AR (S Fr b
) Legendre 123), JE UM AT A A BU LR BB F XETHRE—1 e
BRI B B F GaussT 0 AV S 7E A E T M _ LRI AR5, i R
s A R B SR R B R SRR — A8, RSN — R
R4 —RERXTHERERLS L E’Jff?it

UL EFrideR e 5 B R e ST i, A SO R Al Monte Carlo B, E
B—Fp M EEGE I7 i, AR FI R BV ST 8, i BORBUFE FERY
R FIRE s, HERENS LR BAHENYHEEX, BY THE

§3.  REATEMELT (SBS)

§3.1 R

ERBXHRF—ED, BITEXZEATBEMSIAE AT RNEE
ML AT IHEF AT, Lo lE— TR R4

JELR VEAR T HEHE 2 50 AT 3E R T e B R X B R S R AT B R A 25 ] 5 AL FE
BT, BT a e S AR E A R S, HILEFR
HASE E G b &2 Y, ERM S R THN TSR, A
EFZ SR E R TS IEMNER. FERR0E, ERHEEMBEREEIE S
&, CIEfEE S mE— ST H B R E.

B HTGHE 1 R 0 PRI R BT AR T 25 [ R Rl A 5R E pad 28 25 48
BTtk F B H b0 G 3R NI TFRASOCETHRERN, KRRFEM
B R AT MT s 10 (i 1 e o 451 5t (s LR 0 EI SO W R G 4

B Rn . IEEI TR T, TEESURIE, IR RS

4




HEUT K %18 R % it X

BEP AR EHE RV AR R TR RO A - TN IR S (FWM), = KB H(TWM), 3 i
i L IREUT (SBS), ZRAL BN (SRS), Z R FIAGHFOL T Rk %. HpiEE
EoteE T, TREP TR MR, 28 BINBS A Z B 8 5. WikE
FONEIE LR R —F 5 2 0B 18] R, B, SR O R R A o A e S
IR, BINT RAM R R B ATIMNER, EPNZEG EWEHE S
S, ELRS/D, BT R BOK, BIE 7 AR KGR,

e (A RO R o FEAR A L HE 5 3 R RAR IE B TRV 52 A AR A, 53 5h
T REOLIRZ S, ELEQIT RMIF I T BOLIK RIS . BUR YLk
R I IE10%--15% M [N GAT e &, 0 — AV S RIR T EOC NIRRT, X3t
BT HBRRESE, W FRMEGRY. EEFEROLE T, TAMENE
MDA REAEEABORTS, AIER 7R B8R E.
{EHEIAMETT R RIBA RS, HIFRkoPEObE, JEAI R AR
BRI EG LGN A RRBEREER, AMERSEESR HRESHATE
MR ESEEET, FRMIMETEFERANERE. MR &R
FIRIA, WX REREE T - STRER. 0w, F AR
Afa, ATABRHE RN RN SEM— SN ER. WEARSY, BRAME
RERRUC/ BT e T R AR gE.

§3.2 B

1972 4, BIIRBERL2E R Zel'dovich 55 A[102]k 3 T 8 EIHEUHRIE 1]

# B S BAME I AR IVER] . KA, Nasach 3EIRS T EELAEARCHAS

B9 B, 48 22 B0 A 2.5 mrad F5E] T 1.5mrad [105). 19774, Hellwarth 24! 7 |

PR 300 3 B R DA P A M VR RO . Yariv R T A = IR AU =4
1 R ST MIEIE. MR IEEAEVF S A BT E MBI A . 41 Nd:YAG, &
A, B WIEF CSy , W, S{EF CO,, SFg 4%, 1L 3 TR P AR LIAIEE.

EF MO E MBS AL MEL AR EEETRESMIME
[114][121][122][123] EAT#R 43 B9 E 2=, F B ARSR T 8858570 BT #Y
W8, TR £ 7 LR RO HE Y A A VE B TR ) By Be i S25m B
BT, iR H BT RIS . [115][116][117]

SR BRSO EN R AT EN RN - ERE L SETHE
SR, EEKET LB RSV A T GSGG da ik, 19924 4R A4
REETIE 0.2--2), EE FH30Hz . FEH) Ayral KV T Nd:YAG A4,
TEBR T BN S AR B 210md, & BUE H0.43mrad , EHE F10Hz. £ E PIHa 4k
Ty R%¥H5 Eichler 31 SR B RAEHBE A EIOLSE PRBLUBEFRTIFZ
FEETTVE. AR M E LR Y IR E T, AR ER TR
FEUR S P ST RN S P R i A — A

= T o Hetms S0 F R B 1 5558 1 SRR, 47 Zel'dovich #1T Fisher RIFIASL 3
[103][124), H Ay 2712 (B IR T 1985 AU T WSS BOR . L Y A R
DL SR A B A B B AL e B (ke 58 i 7 F AT IS M S AT LA
£ R Andreev 1 Rockwell (143X E5[1097[106]. |
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MULKFELFELHBRX

v ——

Dane [107]8 5T T FERMASCIK R B OLT, 52 80cf BN U AR R AR B IE
HAF IR ARRIOC SR iR 7B BN B, ARk RN R E
Xt FASHL KRBT RE R RA IR B BURAE. IRtk o i EFHR AT 5
B JRESTHE TFW, AN TF TONEL, 4 R eI BN R
&, (A ORI B TR '

Ottusch it 7 R HAF WG R REE S AN bk fe &R R [111].1E
TR, ARSI EBMBH N BRELT, H AN N GRERASEEN
BT TR MRA AR D THREE. MYChFR T EREERMERE, 5
R E B 2 ERMRKE, A E RN AR Bt B LB R A,
IXFHTE = R AT K fr B BEBK VAR S EL B BT A Y.

Valley [1W7T)BFA T 503 ZR il 4 1F T BUZ B0 EMas, BMA R &R
KRF A RIS B I 5, A2 T Bkt (8] 38 /N T 75 T RO % . A D TERCH 4%
BT, %2800 BNEG A ROE at im D TRASBETIER . MRS FH2 NGRS
R, WY LASDERAET KRBT R B EMASE R KK 2 A5k
B A LA L AYBTIE LI B AR, HAR A T4 N 0T, SR A H S8
T IEBEM T E TR

Narum [118J3F A SF56 S HHTIE T 3 8075 RONBLSTOO 5. 10 EROL IR
HO N IR, fEE THES SR T, NERMEE E b8 5t
W, WIS AR BEA T MR 56, ELHI T B A Mo 2 M 1
B EE, ME TR S B WIS 2, AN T4 MR BT E
75 E I

L EM— R RO TERFEENHR PR BI AR, K
{1175 2 2 ef BN B Ve I 350848, SROUBOR R — B —MES - E
BB P B T A ERE R T RAEREEL S R AMEZNIREBRER A R
g, AXEAE Rk Ee EA S, W H SRR T
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WMIIKFEELFEMNIEX

s BRI

TEB T SR BT R R, %%%ﬁ@ﬁ&%%i’ﬁﬁﬂmmﬁi%, TREE
e — 5 SR A FTERIRE, Bl Ch ST TR ERIK, LET
%t R DL M2 BRI BERIR N, UL BB A, B LA S A — AT
7GR 0puE e TSR TR T T AT A ST G ET , EFE T, =T Mie
i Debye %1 7 W= s R RIC TR B UM, TE—AHEZRENE Eit
_ﬁ%ﬁﬂ&m%%@%%ﬁﬁ@%ﬁ%Ei%ﬁjﬁ@&ﬂﬂﬁ%ﬂ&E%%
R B A, REERARAR T OOEER (55, W Rk 3300 (8 ) SR A T A W A R R TE
AR FERLMEEEE RN, B i RS S R EBITE. T—RTE IR
R EGT, REF ;ﬂlfi%ﬁ%&%%ﬁ&ﬂ%huuﬁ%, MAHRTE, BEk1E
A SRR R RV, R T R8T 0 T E AT A ST A BT, E 28
R TaE—Sit R, —7TE S A 1) /N T S B A B — - TE R
R, A—AHEERTE 4 YL B AT MR VESERE, AU SRR B KB T B
AL BN, TSR L, R R YRR RS B SH —ER
PR R

FER7 b, BB AT FRCR R TR R T IGE, KRB, KiE

A, Pt AR T R % S WA A Bk T I B R g R BUR TR
FHI SR, RE TR S KAILE, ST ek, SOk, ik, B EESRE—
BRI

§1.  /NRCFGHUR R EARES

A R TR R R B, BT B T AR

LESH LR R= A B

2303 g, BT 2 E A R B, wtF Spyh— AR R, T
Fit R TR TEERSm, ST RIRE R, 7 4 2 JB] o — REAY

3B, W — KA Z R ASTERIRIRK, LLEF AR FHX
BB R E T AT, W% 8 £ B, IRREIS, & M ARCF AR
JRARH 1, W 2M AR FRIESD R AR 2L W LN FERE

r1 <0.1 7, ATLLAEVERUKESS, 0.1<71 <0.3 AR R AT




RN R i g i

IR E X X
s I(rée e iR AR As B, FEBB VA A o
RNREEREE.
4w BAn T omt s rad!

45

BUATREC S(6, ¢ ) BAR T HIBUT R 5 v AU ER R, W

Z __IDS(B:@)
169> 1r.0.9)==05

AW S(6, 6 JREREREH, SRTHER,

, RASDLISE R
? 7
- = Pty

AR F( 6, ¢ ) = F(B’qo):i(zi"@)

Hep Cgeq MR, BAHBRNEN
#24t, ZERE, RIBGAITE Cgea Cext Cabs: |
Coeq XM L4 EETT i LMV SGHE LI S0, T AR AAETR A
CgealtIiEHT, M

IC.. = L](r, 8, p)ds  ds=r'do=r’sin &6y

~sca
]0

IC  =— ,L‘S(B,Q)rzda)

0™ sca k 2t

1

C,. = F-L.-.S(g’ qo)d(o

L F(8,9)do =1
FRULF( @, ¢ ) BV —AL A B U R E 2 A R B
IR TR, AP AR HE T LAE ORI Cans RSN iDB=2:E 4]
Coext , Cext = Csca + Cabs
R R, el TR eSS L, ﬁiJﬁﬁUE’-Wl)\ﬂTi’tﬁﬂ{JféﬂﬁﬂﬂﬁWj

'gﬁﬁjE}EJZHI. ‘?‘?’?ﬁil’l"JiI%?ﬁ?ﬁj%’-—}‘,’?)’[@?—"(k5?&‘%&?@1‘:%%%ﬁﬁﬁ)figzﬁ‘%&ﬁ%
FORBE, WA B TR E 1R Qext . Qsca, Qabs
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HOAFELFMNRX

a——

Q=C/G,GHJUTER, MFBETE, G=n al R FRIPR.
Ek%ﬁ%%i-l-‘%: q:[; i@ﬁ%éﬁﬂj Qext R Qsca , Qabs ,Rﬁiﬂﬁ"ﬁﬂ'] 5
C_ext,Csca,Cabs ZI‘ETJ ﬁ%ﬂ@%ﬁ%%ﬂﬁﬁ{ﬁ

§2.  /MNRLTOLHOHERRIAIRE

) R T S R TR BRI Y.

o 1 E/ E"s
B ~——

E TR, IR T FAASER E™ I EEHA V 3R R R 2 B
FEE KRR 1 PR By MK 2 T E, , EHE| =E~+ES , ES 3k
B EROES .

A BRI R E(r,r) = E(r)e™ , JER E(r) %2

region 1. VxVxE[(r)- FueE (r)=0

A
region 2. VxVxE:(r)—»afyzngz(r):o ()

nx(E,—E,)=0 _ _
fim E,(r)=E™

(o, ng)=0 BT

RS E Y (30 FL G s 327 o TS 4R AL AR B 1 — AN AR ARRTIE, A4
BR R MEER R LSRR [ 2k 56 2 F AR AR 4 B O A HE B BCR R IR T,
R FIESF IR T — A~ 25, MRFRED T EAERE BN EZHRET
M5 (AR RETEIFS B BT HE NS

— R TR B F R HU T &, AT DL e A T RAL R AR A T REME S, SR Ja
MBIk i AT R ELETH DL R BT RZ AN
B H R AT ERIEPEIFE AL, (R iob bR
HOL TR AN B e T R, B R AR R, FESCIR 118 — IR 7
FTREERX.

AT B oo

R




ML AKFERLEENIEX

WIEUHESM BN E(e) =E™(r) +E°(r) HRTEBIOEKSE

]E(r')e““R
R

dr!

r , | dr)-1
E(r) = E* +EV X ijy[

R=r'-r rel
EEEMNE, X E r £ V2O MRASTH E@) £V ZRTESD R
B8V ARG ZE, 48R AR gIM RN AU .

vV AR L THNRS TR

[g(r) — I]E(r')e"k-k - _(5{’_) _ I)E(r)

ik-r 1
E(r)=Eze +:1;V X ij-y R
R=r'-r reV
XE B BEVZA. .
i T APy i B XA FREER S, B LR IR E. 5 FE H58) Green £
R LS ML TR A8, U A T RERA TRE RINTBEUENE
T

§3.  EEIE/NBLTIH Mie U #

FE 648 T 00 T 3 A SHE T R Mie XTSRS th T /™45 S0/ H7 18,
&3k Debye #5THES BRI FER, BT UMELVE AR ERR 55, RITES
% H] Debye (fitiE, BIRFREIFZ A Mie BUTE.

R AT B SAEE, E, E,, SEREHE, E,EF Ur 25,
i E, WK 12 358, Ll —ACRRiT E, 48N, BB S SR R 1
HIRT

MABEPTRA, WHRBHXEAE ks SA
EYSCAEIETT ) ki MR IR i S 5
AR REA N ERER ¢,
ks Skl e, WA

i .
E =— ¢ cospS.( 6
A ¢5.(6)

i k, r—iodt
L= —e sing$ (9)
E e P
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MIK¥FRBREZENEX

5,(6)=3 22t {anﬂn(cos 0)+5T (cos)}
Hep: -

{b I1,(cos 6) +aT (cos B)}

a SHRTIIEAR, mOBRITROE ST AR

o (cos 6 - dR,(cos(?)
dcos@
F(cosf)) cos 011 (cosﬁ’) sin’ BM
dcost

P (cos6) H n B Legendre B

06)=5.09= %, (5
£ )=+, () = {2, [E (0

H ju(x) , np(x) FER Bessel f13% Neumann FE I 01200, Npe1/2(3) AFTRZ
5L Bessel F14E Neumann $E%L, B b 5 e B S5 EATEK Bessel B EIHY
8, 5k Neumann HFEHELFEMN.

DU R E R — S8R




MILAZFEETEMR X

Fo.0)=i(Ocos ptif(sin’p - "
i(6)=]s.(8]  i(0)=|s,(af

Q.= :—22(211 + 1) Re(an + bn)

n=1

|2

= 5Re{s(0}

oy

$(0)=5,(0)=5,(0) = 23" (2n1+1)(a, +3,)

dr ﬂ=1
2 2
a | +b, }

0..= 23 (an+1)

R ASHER 522 TARIRIN(E AL, BB4 cos’ p=sin® g = %

F(6.0)=51(0)+4(6)

75 E I G AR BUE T B TSN ERA R SR AT B 1, ISR 41 3
my TR T TN my |, MU m BSR4, Bl m= my/my, x, A
AR A=A, /m x=2mmli,,

HE R, B RO BB, T LALER B N R R B B

¥%Fag by T n WE LA, AU FHERAR:

x+4x" +1 002<x<8

n=<x+4.05x7+2 8 < x <4200
x+4x"?+2 4200 < x £20000

~

IR n {F13 |an(x,m) + bn(x,m)l: <1.0x107"

84, Mie BUFHIITE

BIES R, AN EIB R T EE R MAELL T E RS
F(O, ¢) , Cext, Csca,Cabs




AN i v R AT

TN TR THRNEZE a,m 2+ REH, AXATHTRE m H35,
¢ Ha, NWWRERZZHMAR 2ra/h , —fm KEECERD, BRI £ 5
Bt Fi R SHTFLEAEMHE. Db m LR KAER '
RIERLT AR R ST BN R R, B s B EA T A
L X FRF RN, TTLAH Rayleigh SR M, IRER T
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