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FEB1E Turban DEFE =R

1.1 Turban &&?

RV ZF LV ZIADE LREEEZ Z OMBIEICE T 280 THENZ, Z OBREHE DY A4 X7
WEEIZK 5> TARRIGEHTH 2 13T OMEIDS, Wo ) RBEHICZR 72D T 5, 20 DHGILERNEZ TRk
SNDHBTH 2 UIEMBEICCOWEEZ R OET TR 2 EH T IR EREE L k503, Bk L 23
B HPE D TN XN 22 BRI S DTS K > TRIB L TE D, IEMEREHED PHlE 22 STz,

AR LI TP 2 7 PRI L 2R ) 2F L o PEFHOBEED B E LT, ZOBEEFINCE
M%Z® T, Muffin O—# & L CREREMEICE T 2 6EBETHOoDy T2 —var7urs 0 (=
¥ V) %ZBFE L. Turban(TURBIdity ANalyzer) &£ 61T 72,

1.2 HEBEVI2L—YDER
1.2.1 BEADONDER

n, medium 2 medium 1
o 7 sturbidity | 1Ry -
medium 1 . e (I-R? Iyexp(-Tv L)
RI, Rl
Reflectivity, - 9
R=(ny-mp)¥(ny+m,)? L

B 1.1 BEE A~ DGR

b HYEIE (BIGK) HEE 2, OB, BEEL. WINDSEE 2 5, T ny DEVE D 5 ny DBYE A~
BESUFIAICEEIS G A, T T 5K, RATORITEZIC L KR 5, ZOKOKEEK R IZ.
_(n1 —ng)?
— 7(711 ) (1.1)

TEREND, TR, KEDERIEE o £ T 5 & BRI 2 1T 2 DI L)
=

4ning
(n1 +n2)2 "
TRIND, KA L TP L L-OBR, SEEREENEZ SN D,
BRI 2 3000 U C E 7RG IR 2 2T B i, RN ORELIC K o TS T 5, S T O
e DS dL 72 \FHEAT U 72K, —dI 72\ EREBREDBA§ 5 & LT, JBA L 2T L7 & & A TOERLEM
€ Tyyini—oy (7, L) BBV F DA TEKE 5, (Lambert D)

Iint(l—»?) = (1 - R)IO = (12)
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Ibulk(1—>2) (r,L) = int(1—2) exp(—7L) (1.3)
ZORD r OFEE Y E (Turbidity) &N, BELWEERTH 5,
B DY 9 —ha DB RUCE L 72 F;, R CORITHFRLMIC XV HOEREO KR 5, ZORDK
HRIF 1> 2 \APIRORKFLRLFE L TH D, X>TIDRMZ @B L TL 5 EHEHDOHEI,

16n2n2
I = Lint2—1) = (1 = R) lpuik(1—2)(7, L) = mfo exp(—TL) (1.4)
THb, INhoEEEE®ECRE=1,/1) X,
I, 16n2n3
E = m[{) exp( TL) (15)
Th 5,
1.2.2 FHhHE

WIEBIC ABDE DR D Z2MIINIC A — i 2 R OWE 25 2 5, 2 ClRfffifbo7olcry) =51
v OREREEDAZEET 5, OGO AR D 72 OB BEREGBEMICAE —I127 A I3 R D6
PPEEICE L WL MU T, NRYEDRR Y 25 L VERDOEE . 2 ORED A — 3 FEHIZ KR D%
BbkUc iR L, 2 ORITIB U TR D 22540 & 3 A XM OMRITEE DR 5, F 7l o Bk i
ko THEl S, BRENFIEAS A & IR 6 % 5 ERET 5,

DX RWEICAEL D & BIEOET LT SR, (1) RIANS X 2 58, (2) FHENECOEBIED (a)
BLELIERJS, (b) WRINEE R, (3) B> & 225t 2 RO RN X 2 54T, FOBIREZ %, (1) & (3) 1[H
KOFHDIRITHED & 2 O NHEEZ KD 2 FBTE L, MEIEEOEIEZ 2) Itk b, 2L, RY
F L v DAL S T2 6 DA I N T LD, FHRIMROBEEIC KT 2 BRI OWIULTE EfEv L
EZZTRL, TOY I aL—FIZBWTIZEEL WL,

Incident ray
Eyexpf i (k'r - wi)}

Transmitted ray
Eexplilkr- whH}

X 1.2: R TFLrzEET 5T 5 EAX

X 1.20D X912, BREETHD 5 N OEREITE L5 LGBV D & Ik OV b h 2 Bl s s
BOETL, O TIT OB E2E 2 2, MM AL 2 OWEZ 2B A2 27012, 2 2 TIRFImICE T 3T
RIS, LA TORINEEZ VY ET 5, BRETEHD S 722 AW ERLE Eq expli(k-r—wt))]
DT T2 L, WEPIOIIBRTE—X > bSFER L, 2 OIRENC X ) BRI S 1, Bl S B
P OBRTE— X v b 2R LBELZ & DIRT, DLED k9 L EEELIC X 2 EkERE oM %2



1.2. BBV I2AL—YDER 3

R Bk, WHPTHEEROEMDA c(r) 2352 5N KE, ZOWEYh%HETT 2 2 TOH MO BRI
VT Maxwell HEERZ A WTHEE, BEOE{LZROIUTR, —BNRTIROEETOY T 2L —=F1F2D
HEZFHL Cu39h% v, L L, ZOHFETIIRELFHEBEERZHELE L, FVZFL YD k) R%
fili M RH N UCEM T 2 D I3WEECH 5, 22T 2 TIEN 1.2 DEMDZ & Eili il L% 5 2 5 —HRIUE
D% (L) OEFEARFEERE RO HHEE LTEZ 5,

G WETOEEDONE r IZBWTHEEET VY IVDY cop(r) DIED TP > T2 LT 5, (eap(r)) %2
P L 72228 e0dop & L, BRZ IERIZFTI & LT D X9 = ua kG ERT vy Ve T 2 €A%
52,

1 1 k
or = [lear) + gz [ EaGsla. = F )Tk~ ) (1.6
Z 2T,
G (g, w) = fM (1.7)
v q,w) = q2 — k2 .
7 Topp(q) BAEERT vV LOMBEEED 7 — ) 2EH1TH D,
11

Tam/ﬁ(q) = V:Oweau(qwev,@(_Q» (1.8)

A 1.6 DAAOHPEZEAIEITICNIG L, BFOFIISICREIEIT, EIRIZPR 2 afEicyind 2, 20
5o, WHE U TOX)IcGA6Nn5,

k
200

2 2T (Oap — kokp) 1BETEY & MEARIZWY T 720125 3.

RV ZF Ly OBEIEICE W TZOERDIE ZMBERIOH SIS > TRIN2ENHo N TR, L
Las, ZORMMHMIDOBERDL L ZML7rX 2128 2B METH D, ML ZoPte LT
T 2 HIIREREHTH 5, 2T T TRMBERIICE T 2 HELIC 3 it g, NEBOREE IS < Bl
X2 BHEIZOWTORGT B,

o~

T dap — /%aic,g)lm[éaﬁ} (1.9)

1.2.3 ¥HmBRYZal—%

RY ZF L vk EOBRMMEE 2 RO T B O RSB~ 2 Bl 3 2 & KGR 2 —E 1tk > 754,
BREMEERRIT NS TR L, BREL A 32 L C ik % 2, IRREAD & BRE % R S ¢ 2 568 0kt
BEE, BREGDS @ 2 RREI G I CIBRERS L EE & | BIRETT ORE%2 5 2 - B ORLED S 5, b 2 IR
2B 2SRRI B O TR 2R 5 0 2 BB X 3RO DE N, B r DBREDFK
EHE G(r=Gt), BLXORMELOEEL EE2EZETIHICL>TRDL2ENTES, 2L ARXDHZE
777 IDXEFOUTD LI ICHIT 5,

X =1—exp{—kt"} (1.10)

2T, kIFHEEER, n &7 77 SHEEEWIN, 3 RITTMICHET 2 REOHITIE, FiHE e TtaT
DEBERT 2R ERDGE, n=3, k= (4n/3)NG> DfEZID | %23 N = It DG TR L £ b
WY 2 AERDEA. n=4. k= (7/3)IG® DfEZHL5,

WBWMES 2 2L —FTERINEHDIZ, HBL IaL—YarRy 7 ANRICEB T 3RGEOFTEMETH
7, 2TITIE7 77 TORDEMEICHI T 3RIGE Y 7 ANICERELZ R S, Z OER LD 100
% & 7o OISR HIEHR 2S5,

FEEDT T 2L =2 avDFIHEE LTiE, A HERDEGA,
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 BUEDEET T VT LMD 2 A SR B,

—_

B S —E DRUKRE L TR Z R S 2,

[\

DB EERL GG, 2 I THEZIED S,

w

W~

- BETOMEEPRETHOR SN D kT,

nE, WHEROGEIIRHNE &£ DI ~EDHETELHMLL TRl I 2R E IS, BIZAY
—MERDGEEELCTH D, K13 ICZDHREA A=A T, BRI 3 KU AICHERE T3,

DY Ial—yavilkoTHEHONBBMIMTEDOEEIZBELWTEHO TL BRI LMEDHEIETH 3,
CHUT K-> T, ZOBEREICE T 2B TORMZAS2HNTE S, Z LTI DERE W TRISER 2
DR 21T,

0.8

< Simulation
AvramiEg. |7
< Simulation
AvramiEg.

Crystallinity

Time

X 1.3: BRERES S 2L — Y 0EfFA A -

1.2.4 FERTVYVILDZERS

B EAGET 2 0IEFFEERT v Y VOREMI % RO 208035 5, ZDTDITIFRFEMES T 21—
SofRons T =IO EMIAE EDX I ICHBEL 200EHELE 2 S, L2LLAaMS, XY ZF L VERE
NI DOREE D FENIC D W TIFEBRIC S BRSO RS TH B L IFE A Vo, RHEFE LT IT L
TIEH2BREORERZIRET 2HET 2, RUIZFL VEREORMEE L THEBIICRLASNT W 3HIZ, &%
ZHDE L TED ST A 7DBEHRICKELTE D, 42200~ EDE Y FTRALNTVE EFEHHET
Hb, 2O LS, RYIFLVERFBNTETIE,

1. 9 X5 OHEERTAIZBIRGRICEETH 5,
2. ZAZBERAMICEDE Yy FThLNLTnS,

EV) T ETHD, 7 X7 DIERTIEEFFRAEE—HL T30 LRET 2,
b BERFHNERD— 11 (P ALEARZ Fob r) IZB W T, BEDREERLEZ ¢ & L, fMTOFEET Vv
% 500 (r), FRIBOFEELT VYN E €Do,5 T2 L. ZORKOFEBRET VY VBN TO LI 2% 2,



1.2. BB 2L—5DER 5

€ap(T) = Gee 3 (1) + (1 — 9e)e Ddng (1.11)

twiste# famellar

Dielectric constant tensor at point r.

(hi: lEsy FORSIRAEEE. AL

[—] 14 szﬁﬁlj\‘lig@; % ,:71\ y}l/@*ELL‘\

Wor D3 i HHOKRENERICH 2 &5, Bk i DKDIE v, Eiir EOHNGARMNZ MLz e, &7
RN

(r—mr;)
|r — 7]

2D ey, DIANIFERED bl —3T 5, alill, clllZ bllIcEETH 2, N FEEFAICET I, b
fii 2 fuDICIREHE D Ich CnTwb o, 20 1 AlooN#E L, £ 32 &, @A AR » T a0
Mz TFORLNDRTRET 2,

eo(r) = cos ("' . ”') €q(0) — sin ("’ - ”') e.(0) (1.13)

t t

BZWTH 2 cliliifho "o & D, DTO X ) ICHBNICRES LS,

ey = (1.12)

ec(r) = eq(r) x ey(r) (1.14)

RV T L RO ST D BITHRIL (na, np, n.) = (1.514,1.519,1.575) & % W id (1.517,1.520,1.582) T
HDDT, KGO TR %R ICH > 7B EDFEERT v VLR,

n2 0 0
€aB = 0 ni 0 (1.15)
0 0 n?

C

Thd, 5. Kr TOMEGEIO TR (FEE 3 DT {e,(r), en(r), e.(r)}) Bbh>TWw B DT, HKE
{es, ey, e} DEBEEEERNDLHUIRD T v VL,

(ez-ea(r)) (ey-ea(r)) (ez-eq(r))
R=| (ex-en(r)) (ey-en(r)) (ez-ep(r)) (1.16)
(ex ec(r)) (ey-ec(r)) (e: c(T))
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€ap(T) = Raa(T)eas(r)("R(r))us

(1.17)

TEZo6N%, ZNUCLDEHRTOEBRBRT VY VOEBITPZDT, FBERT VI NVGD 7 —) 285 %

(FAEN

cas(q) = / dire= T e, ()

ZDE Tops = (cap(@)evs(—q)) ZRDAUZ, 1.9 KDWY E 25K E 5,

(1.18)
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2.1 XZERBMY I 2 L—4% Turban OILFRE

ZOiTIZEEENES £ 2 L —F Turban DIGHBIZ R, 06 DIGHBNTNIET 2 A7 740, 1D
7 7 A )V Muffin DECART 4 L 2 b Y MUFFIN/sample/Turban DA T IZHI® 51T 5,

2.1.1 AR RUIFLY T IVLDEEANRY MLOERE, AIRERBRICETSE
&R

AR VBEDRE
LAVY7v—yavBlE3niR) ZF Ly 74 VA0NERETHIZ T 5,
2. ¥ alb—a i 128x128x128 DALk )V (—HDEZ % 4um) TIT I,
3. AR DR % 400 — 7T00nm £ T %,
4. BREED — TG EBGE LI BRI R IE X O oy (=R AER) &1 5,
5. RV ZFLVIBL T RINE Db Yt E R~ T 5,

ANT 71 IVDIERL

TURBAN O ¥ 7 )V A7 7 A )V441% MUFFIN/sample/Turban/sample.inp T&H %,

A7 7 ANEBEZT 4 TTXAN 7 7ANVEERT 5, 77— OXY) D IZEATTEBRIC AT 2 DI il
DEFDIDHRTH D, WTFDRICH Y TIVANT7 7 A NDET L ZDF%ERT,

Bl | 284 ER

128 razris 1AD3EE, Ay 28I oED 3 F
1.514 | na fili it a Bl 77 170 O JE AT
1.519 | nb fitiih b 5 17 O TR
1.575 | nc filiih c Bl A o R TR

1.510 | n_amorphous | FEMED EITH
1.0 nejireshuki | BREEHFD 7 X 7 R CAI (um)
300 nucle_num YIialb—Yavihy 7 AHoE (H)

500.0 | max_time BRERES T 2 L — % OFCK step $ (Il)
1.0 dt 1step DIKFH (sec)
0.03 | dr BREH DR RHE (pm/ sec)

0.3 crystallinity | #ifH{LEE (0.0 — 1.0)
4.0 cell length ial—YaviRy I AADEZ (um)




8 £ 2EF Turban OIGHIEE

Y2al—vavoxET

UNIX(True64, Cygwin, Linux) Dav>» F7ar 7 k), DToavy F2%ETT 5, ZOR, Ei777
AV (turban) DH 25T 4 L 7 b VI SADMES> T LREDH %, 5IBO—FHBIAN 7 74 V4, ZFHED
BREEEY S 2L —v a VBRI 7 7 A V44, ZFENEEA X PVEHERRE ) 7 74 V4, WEEHD
TEDERE Ry L 2 BIERE R I 7 7 A VA, VAL bogBu s 7 v ANVETHL, 77 ANVKDE
B TELv, 774 VL BETIEETH %,

% turban sample.inp outl.txt out2.txt out3.txt>sample.log&

TER DR

DITFIZZ® Turban iIC & > THAZI NS 7 7 A VDOFAZHER S, T—FI3RBHICE>TRYI6NTWw3,
W7 7AN T GREEEY S 20— a VR BREREY S 2L —v a VoS E LTE S N i ISy
BEHROESI 7 7 AN, B2 (2,y,2) DIET 2ERBOFZTZRT,

EA | 2 | B3 | B4l
o JERE | oy EEE | 2 PERE | BREES

N7 AN2 (BEARY FVEIERER) CREREY 2 2L — 8 OfRICE DL B ASDEREICE T S

TR ORI 7 7 A L,
5151 552 %1
ANFEWEE (um) | BEE (um 1)

-7 7 A3 (AIGDEHIR OB ER TR H) © RRLCR O MR R Y b L2 ADEH (R 400~
700nm) TR L7 GHRAS R, 2z b o CHEDEEOME L 55,

171 251

Number Total_Turbidity

BRI () | BRI W R 1 ()

YO TIWANT 71 ILDFERR

VY TWVANT 7 ANZRHOIBEARY FVEIREERD 77 7 2R,

2.1 &0, BREDTIGY A X (] 0.8um) IS T 2RO FIAISHEO E— 7 3/l o s, Hil213, Bk
DFH A A, My 22— arvRy 7 AhOMOK% 2 & TR A 2 & alEDEEIS o 8 R i
ZHE L, R A R EBEOBIRERS Z LB TE 5,

Ric, EROEMEON, v Talb—varyRy 7 ZAhooR, I FERaERE %2t E ¢ T TURBAN
DEtREZ2ITH> 7R 23T, 2.2 X0, FPEREER & —BT 2 AREDBRANE TR 2 BED € —
I3RS, i EEORRIC OV T, FEEA XY ML AEDEREE (R 400 — 700nm) R E . &
SPEREERRICH LT ry P 5 E (X2.3), AIEDERHIBICEERMEO ©— 7 RS 1, BRE O THER
DR OWE & T 2N CROBEI T Z L3bh» %, Zho OMEMIFFEBRERE KT 2,



2.1. XEBMEY S 2 L—% Turban OIGFIRE

0.000125

0.00010

goooorsl AL b

Turbidity

0.00005 |- -

0.000025--

0.2 04 0.6 0.8 1 1.2 1.4

Wave length (um)

[ 2.1: sample.inp IZ X Z#EA T FOVEFRRER (out2.txt)

- (u Hla
—e—d=0741 |
——d=0.625
—&—d=04896
J=—E—d=0344 ).
——d=0.290
—A—=0.230

0.00025

Turbidity

0.000125 ¢ ¥

02 0.3 0.4 05 0.6 0.7 08 0.¢
Wave length (um!

2.2: IREERZ LI ROBEA LY F L
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%2 2E Turban OLEARME

Turbidity

0.00075 | : |

00005 i A

0 i \
0.1 0.z 03 0.4 0.5 06 07

Average diameter of spherulites (uml

2.3: FEREMEREIC 5\ 2 T BDEAER O MR

0.8



EIE

Turban V7 7L >V A

3.1 Turban DANINFAX—%5
T | 284 HR &R
1 | zaxis LADAy a2k, BA Y2 BUZTOMHED 3R, 2DNSEICL ZFNUE%
57\, HESEfH= 128
2 | na filith a fT A O IRITR, (RY TF L VI3 1.514.)
3 | nb Fih b ORI, (XY F L iE 1.519.)
4 | nc fiith c WO HHTE, (Y F L 1d 1.575.)
5 | namorphous | IERFBDJEITH, (FV TF L i3 1.510.)
6 | nejireshuki | B 7 A Z BRI (um). (RY ZF L 23 1 —4um. )
7 | nucle-num YIial—yaviRy 7 ANORERE, ZOEOHFIZ 102 - 10" A —5—,
8 | maw_time BREEEY 2 2L —% —DiR KIKHEA T v 7 (I0)), EEOKREZHOME (B2 iF
500)
9 | dt 1 27 v 7Ok (sec). BIZIE 1,
10 | dr BREE DR HREE (um/sec), HIZ1F 0.03,
11 | erystallinity | fEEfEEE (0.0 — 1.0)s AV ZF L VIEKRE 0.3,
12 | cell_length PIial—yaviAv I RALADOEEZ (um), FIEDEHISOBE D 2 {5 a3
WETH 5,
3.2 Z0ft
TIGRBERDKD T

PIial—yavARy 7 2AORMZRGEBTHY, Zn2REEL THEEREZRD %,

(CTAIERGHIFR) — 2 x {3

(¥Ralb—varyRy 7R 1UORE) 5
4 (A 183K

11

(3.1)



