Jooood

o

Joooobobotddbood
Joobobottdd

goodbootdod
Juoogdbobogtdd

goodbootdod

Joduog



oo

10 o004
110000000000 ogooooo
1.2000
121 OOO0OOOOQOOO
122 O0O0OOOOOO
123 O00O0OOO
124 0000
125 00O
13000000

020 OO0
210000000000

030 0000
31 O0O0OO
3200000

040 O0O0OO
410000
420000

430000000 bbbbbeoooobobO

gsd ooo
gos.1000d

gooo

o

|

A W N NN P PP

16

23

24

25

26



010 goo
11000000
gobooboooboboodoboooboboobbooobbuooobboooboooboo
gooodoobooobbooboboooboboooooobbooobbooboboo
ggbobogobooobboobboooboboooboboooboooboooobooo
ggobooooooboboobobooobobuooobbooooboobboobboo
gooobooooboobooboooobo@@uooboobo)yoboboobooo
gobobooobobooobbooooboon
ggbobogoboooobobooobooobooobobuooobooobooobobo
oooO0oO0o0O0obOOo0ooO0oO0oOO0obOoOOooObOOobOOobObooDOoboboooDoOobDoo@o
gboO0)yoobobooboobobooooboboboooboboooooboooo
goobooobbooobobbooobobooobooobbooobboooboo
ggbobogooooboboobbooobobooobobooobooobobooooo
ggooooooboobobbobbboodoooouooooooboobobbbbooooooo
ggbobooobooobbooobboobobbooobobbooobobboobobobo
goobooobboobobbooobobbooobooobbooobboooboboo
ggooogooooooon
ugddooooooobbbbbbooooooouooobbbobbbooooooo
gogobooobooooboo

1.2000@

121000000000
uoboboooboodoobobooobbuooobbuooobbobbboobnbbooon

ooobooobobooooboooboboo
gobobooooooooobopbooobooobooobobooobbooooon

ggbobogooboooboobbobooobbooobooobbuooobboobboo

ggobooboobbooobbuoobbuooobbooobbooobbuoobo

goobooobooooobooooo



122000000000
ggooooobooobobbbboodoooouoooooobobbbbooooooo
ggbobodopobooobbuooobboobobboooboboouobbuouobobboo 20
goobooobbooobobtooobbobooobooobbooobboooboo
gogbobogoooooboobooobboboobooobbooobbooobobooooo
uogdHOOOoOoH,Obhooobooobooobbooobbuooobboobboo
ggobooobbHO0 HOOoOooobooboboooboboooboboooboboo
gobobooobooobobo H Oooooboogo

123000000
gdliogdboobdooobbooobboooobooobbooobboobobbooo

01i1po0gooooan

12400000
0000000000@OO0O000@SI0OI00N0N300000@LBO0O0O0000O
00000000000
000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0o
00000000000000000000000000000000(@O00)00
0000000000000000000@O0O00)0000000000000000
0000000000000 000000000000000000000000000
000000000000000000000000



1250000
goboboooooodbobioo 1n7ggb 1sel0gobbooooobonoobooon
000 PAA(p-azoxy-anisole)0 0 D0 0OPAADOOODOO 100000000 1.20

god

010000

Leslie viscosities Elastic constants Susceptibility
% 43 x 107 K, 0.49x 100N | g, -4.4x 10®  Hm
Pa-s K, 0.245x 10™ 1
o, -6.9x 107 K 1.05x 10" X1 -6.0x 10"
O -0.2x 1073
o, 6.8x 107
O 4.7x 107
O -2.3x 1073

CH3\O@§=C@O/CH3

0 120 PAADDOODOO




1300000

ugoooobbbbbooooooooooobobbbboooooooooooon
ggobodobboooboobobuooobbuooobbooobboobobbooobboo
0000®00000000000000000000000000000000O0O0
goboboogoooooobboobbooobboon

O00ODODbOOO0O00o0o00oobOOobObDbObOOoOoOoOoooobooDoDbDDbOCclark O
Leslie®0 0000000000000 0OOO0OODOOOOOOOOOOOOOOOOO
gobobooobooobbooobobuoooboboboobobooooboooboboo
oobo0o0o0O0bOo0obO0obOoO0bDOClarkOOOOOODOOOOODOODODODOO
ggboogobooodbobooobuooobbooboboobbuooobboobboo
ggbobooobooobboobobbooobobooobboobobboobobooono
oobobooobobooobooooboon
0000000 Leslie-Ericksend L-EDO0O0®0 00000000000 OOOOOOO
ggobooobogobbuooobooobobooobbuoobobbooobbooonoo
gobobooobbooobboobbbooobbuooobbooo



0200000
2100000000000
gogobooobooobboobbooobboon
gooo
Vv.v=0000000000D000000000000DO00O0000ODO0O0O O (1)
goood

;{%+@VW}$+VL¢H@WDDDDDDDDDDDDDDDDDDD(@

O000vODOO0OO0OO0pODOODOOOOOCOIOOOOOODOOO0OT OO
O0000000FOO000O00O Leslie-Ericksen 00000
6=a1nnn-A-n+a2nN+a3Nn+a4A+a5nn-A+a6A-nn—aalv:n~(Vn)T (3)
F=[(x H+x.(n-H)N) VHODODOOODODOOOODOODOOOOODOOOOODOOO 00(4)
0000000000 On00000000000000D0000000000000O0
00000000000 «(i01,000600000000000A00000O0O0OO0O
00ONDOOODODOODOO0OO00O00000000000

N:@—U.nDDDDDDDDDDDDDDDDDDDDDDDDDDDDD O (5)

Dt

0000QUO0000000000@)0 FOOODOOOOODO0OO00000000000
00000000

2F =K,(V-nf +K,(n-Vxn) +K,nxVvxn°’00000000000000000 (6)
D000000K,OK,0K, 0000000000000 00000000000000
0000000000000000000@O HOOOOOO », 0000000000
0o

X.=x-x,000000000000000000000000000000 (7)
00000000 40, 0000000000000000000000000000
000
0000000000000 0000@O0@EO0OD00000 vOoOOOoooooodo
00000000000000000000000000000000000N0000
0000000000000000



oooooo
nx{G+ﬁ—v-(%}+AlN+izA-n}=0DDDDDDDDDDDDDDD (8)
0000GOO00000000000HOOOOOOOOOO

G={y,(nH)HOODODDODODDODODOODOOOODOO0OD0O000O00000 (9)
000000000A0A000000000000000000000000000
000000000000000000000000

M=0,-a,000000000000000000000000000000  (10)

l,=0,+a,000000000000000000000000000C000 (11)
0000000



Oo3000000
310000
gogobdoo sibooobuoooboooboboooboboovbbooo HOHO O
gbobooboboeoobooon
V=(U,O,W)DDDDDDDDDDDDD O000 ODO0DOO000O0OD000oo0ooo@2

H =(0,H,0) (13)
G =(0.7.H?sin¢0) 00 (14)
00000000000 nODO0O006O00O0DOO0000OOOO

n =(cosp siné,sing,cosp cod) (15)

00000000 zécher 0®0000000000000O0000O000O0O00O0OO0O
00000 Zécher 000D0OO0O0O LOOOOO HOOOOOOODO p,0000000
K,00O00O0O

Z=LH,y,/K, 000000000000 000000000000000  O(16)
DoO0oo0oo

y
A

03.1000gooooagon



3200000
000000000000 L01mmO0000000000000000000000 1
00000000000000000000000000000000000000 nO
0000000000 (y=0mm)d6 ,=0° 00000 (y=1mm)06 wl-90° O000¢ ;0
¢,=0° 00 50° 000 10° 000000000000 O0O00O0O00O000O000O0
00100000000000000000000000000000000000000
00000000000000 t=0s 00000000000000000000000
0000(,=0° )00000000000000000000000000 2202040 0
00000000000000000000000000000000000 10000
0PAAODOOOOOOOOOOp O 1000kg/m*00 00
000000000000000000000000 200000000000000
000020000 Runge-KuttaOOOOOOODOOO yO OO 100 0O (0 y=0.01mm)
0000000000000000000t=10’s0000



040 0OOOO

41 00O

t=0s 0000000000000000O0¢,=0° 00 50° 0 10° 000000000
00000000 4.1@0()I0000 41@0©00000000000 y0OOOO
0000000000000000000000050000000000000000
0000000000000000000000000000000000000000
0000000000

000000000000000000¢,00000000000000000000
0000000000000000000000000O0O0D0O000000000 100
000000000000000000000000000000000000000
ooooo

0000000000000000000000000 410a000 55500 4.10 b0
00 35s00 4.10c000 3s00 4.10d000 25500 4.10e000 2.3s00 4.10f0
00 2s0000000000000¢,0000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000



-"llllllllllllll-.. & _
-“Illllllllllllll-- L
-‘lllllllllllllllll' @_
-tIIil-l-l-l-I-l-l-l-l-l-l-I-I-I-I-l- @
-il\IIilnlllI-l-l-lniulllll-lllulnl-l- @_
JOP PP P PP PP PP PIPrEEEm® &
10000000 PPPPPPPPOPO® O &
BN Q0000000000000 00 %%
BER AR RRARRA000000D000 %SG
NN NN RNRENEEEERBRERRERRR R &
SR NN NNENNENREEERRRRRR R o
SR RN RN NEEREERERERRRRR N
BEBRRNREIRRRRRRRRNRNNRNN

041000000000 ,00°)



.1'I-I-I-I-I-I-l-l-l-l-l-l-l-l-l-l-.-lt §_
.“'Illlllllll'llll- o
-ivlnl-l-l-lnl-l-l-l-l-l-l-l-l-l-lIII-l o _
-tvlnl-lnl-l-l-lnl-l-l-l-l-l-IlIlII-l- @
o "= S N En S I N S S S R S G O o_
e EanEEEEEEEERE@mE® O
[  © U0 SN S5 N SE N = N S O
[ o 5 S GN S N N N R © -
JOr el RS EEE® -
JOPP PP PP PP PP PP P PPIPS® O
0100000000000 0000000 0 5
BO800000000000000000
SRR RRRRIRRRRRRORRRRN

0410000000009 ,010° )



.i‘lil-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l-l
Q“llllllllllllll--.
Q‘llllllllllllllll-'
."Illlllllllllllll-
§© " S S5 R N I = N SN S A A S G
g "= = En R &R I = 5 I - e o
§©> ™ S5 S N = = = = I I
S == S5 E= S5 == = = I = e o

~“_‘|Illlllllllllll'

I Ld dd R E L L L L X
L4444 4 22 4 2 2 X 2 X L X 1 X X

0000000000000 0000000
F8000000000000000000

041000000000 ,020°)



Q“'lllllllllllll'-..l
Q“lllllllllllllll--.-
Q‘l‘llllllllllll-l--.l
Q"lllllllllllllll--.-
Q‘llllllllllllllllliil
§® " 5 R 5 = = R N I S O
e EaEEEEEEEEEEEEEE® ©
T EEEEEEEEEEEEEEm@mES O -
O S EEEEEEEEEEREEEEE O -
eSS EEEEE § -
Vid d d d d Jd 4 & X 2 X X T 1 1 1 1 J¥ J Es
'L L L L Z XXX XXX XXX X X X W B

§0000000000000000000 0

041d)000000000 @ ,030°)



‘.‘Illlllllllllllll--‘l
Q‘llllllllllllll'l-- ®
~“lllllll|ll|'ll---‘.l
& " 5 Uh IR IR IR I I In W I I & S S S e G ®
S EEEEEEEEEEEEEEE®® ®
& * "5 Eh = En SN SR N B B BN N e G ©
& " " SN ER N S e ©
S EEEEEEEEEE N EEEEES O -
S EEEEEEEEEEEEERE @ —
SN NN RS @ -

s“““‘l“lilil"" ® —
POPOPP PP PP PP PP P PP POPPOP® O -
P OOPOOPOOOOOOSOOOOOOGOOIOO-

041e)000000000(e,040° )



“llllllllllllllll--'l
“'Illllllllllllll-'. 1
“'IIIIIII-II-III---.I
“'lllllllllllll-l"' i
& " R EN En U N N N BN N A e e ©
& "> "5 N En En S S B BN N BN S e
& "SI ER ER N 55 UN N 5N SN SN SN SN D S GG @
& " S5 SN N I En B N N S R S
& "5 N N D 5 I N N W S &
SO EEEE NN P -

pr L L L LT T Y ¥ 1 e
'ddd d 4 d 2 2 X2 2 2 2 1 X 1 T T Y ¥ I W
LLLLLELZZZZZ XXX XXX X XX B

041000000000 (@ ,O50° )



420000

0 42@0@M00 41(0@M00000000000000000000O000000
0000000000000 xO0O0O00 w00MOO00 20000 wdO ydOO0OOO
0000000 42@0¢,00° 000000000000000000000Xx000
D w00 y0DOOOO0O0OOO0O0O0O0O00z0000000 yODOOOODOOOOOOOO
00000000 w0 wODOOOODOOOOyD05SmmOO00O00000000000
0000000000000000000000000000000000000000
0000000000 w00000000000000000000000000000
00000000000000000000000000000000 6s0000

0 420b000f000000¢,010° ,20° ,30° ,40° ,50° 00000000000
0000000000000000 wOO0000 420a00000000 yOOOOOO
0000000000000 000000000000000000000000000
00 w00000000000000000000 40a000 6s00000000 4.2
Ob0OO 4s00 4.20c000 3s00 420d000 3s00 4.20e000 3s00 4.20 0
00 2s0000¢,000000000000000¢,00000000000000
00000000000000 420a00000000000000000000000
0000000000 4200b000d00000000000000000000000
00000000 420e00f0000000000000¢,000000000000
000000000000000000000000000000000000000
000000000000



1.0

A a
\I\|.w4|\l\\ \\-.
‘l\l\l -1 0w un n umn \\... o))
Pt ol . O N < © /i 13
-~ - nonon -
R 7 ]
s\ /7 = ) i
K4 / ! N - i [ee]
1 T ] N N
! [ i i1 /7 o©
\ [ ! rl Y/
—- | i | \ / i 1 P~
\ | i i i o
Y \ 1 v/ [

\ i / / 1

[y \ H 3 1

\ \ ! /7 ©

Ay 1 - 4 1 — .
\ i /7 i o
A ) ’ - 4 -
\ \ ! / / 1
. i ’ ] i
\ \ 1 / i
A i T ;o] ] 13
. \ i ’ l i o
\ i F4 | i ]
Y / - H
\ ! / ] 1
¢/ / ! i \ ] ! 4 <
1 1
L\ 1 \ | [ ©
\ d / / :
\ \ 1 i / I 1 1 ™M
‘\ i ] | 1 o
\ \ i I l 1
\ i i \ i
n n non // 1 v \ 1 N
O N < © N 7 AN \ H 1o
[T T i // N
— o 4 ) < //
[ ~ ~ h —
C Wi . Tseo S~ h 4 =
" _ H /4.—. Sr——— Ilywl o
H ] \ S~k
O I i TS,

] 1 é 1 ] y - O
l90) o — o — ™ o - o —©
o o o o o o o o o o
o o o o o o o o o o

s/w n s M

mm

042@0000000000 (@ ,=0°)



0.03
— t=0s
--------- t=1s
-------- t=2s PRt
0.02 -=rer t=3s /4;§"‘ R
® ——— t=4s A X
& ({»(' -------------- s ~
& /,«“ ‘‘‘‘‘‘‘‘‘‘ '\,\
S 0.01f sl ‘“
// """""""""""""""""""""""""""""""""" |
5 T e &
0.00 &5 L om
\‘c
_001 1 1 1 1 1 1 1 1 1
0.03
— t=0s
--------- t=1s
2EmINeT e t=2s
/“o ..:~
002 B — t=3s
Q [ .~.§§.\ _—== t = 4 S
E I ’,f ---------------------- § N
A »
S ST 5\\
2001/ RN
O “\\\
" """" ~%,,*
0.00 k¥
_0'01 L | L | L | L | L | L | L 1 L | L | L
00 01 02 03 04 05 06 07 08 09 1.0
Y mm

ggobooon

0 4200000000000 (e ,=10° )



0.03
— t=0s .
""""" t = 1 S “:('6-‘ ’..\\
s s, Y
"""""" t = 2 S “"‘“ - Pl - S\l\
002f ... =38 e "\
» ——— t=4s et A
I= /4«’-" ‘3‘
= e
S i A |
0.01 / ......... . \
/g”% “““ 2\
0.00 W ¥
_001 s | s | s 1 s | s 1 s | s 1 s | |
0.03
0.02
Y
=
£
2 0.01
0.00 k=
_0.01 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L
00 01 02 03 04 05 06 07 08 09
Y mm

0420000000000 (e,020°)

1.0



t=0s
t=1s
-t=2s
- t=3s

0.03
0.02

s/ww

0.00 =

-0.01

t=0s
t=1s
-t=2s
- t=3s

“"‘U“

0.03

-0.01

02 03 04 05 06 07 08 09 10
mm

0.1

0.0

042(d)0000000000(e,030°)



02 03 04 05 06 07 08 09 10
mm
0420000000000 ,040° )

0.1

ll\“ M
L n nnon 7
—_—rn J
. O-H N M 7
T mn ,%w
e e .,u.\
H \.
1 »
i i hv.\
! e,.s
] \\
Vi
g
: Fa
~v\ ...,,
3 A
3 s
- | KA
&
- KA
vav .... \Ms N
S ] d
N> At
N g
/.. 00\
< A
/ - ~~.\,
Y Yy
\ S
nnonon > i 3
O™ EN - i :
| O | I 1| £ ! :
e e e .M MY -
A s, -
[ 5 &I
B . N
.yr el
}’ ".brtlfrlll."l
.".ll’
1 1 1 1
™ N — o - ™ o -
Qo Qo Qo o o Q o o
o o o o o o o o
s/ww n S/l m

-0.01
0.0



=0s
1s
2S

t
t
-t
-t

=3s

0.03

0.02}

-0.01

0.03

-0.01

1.0

0.9

0.8

05 06 0.7
mm

02 03 04

0.1

0.0

0420000000000 (9 ,050°)



43 0000000000000 0OOOOO

00 43 00000(Oo5mmO0OD00O0O00OD0O0OO0OO0O0OO0eO0DOODOOODOODOO
udtbbe 0000000000 ,0O° DOOOODDODOODLODOOODDOOO
goobogsssddobooooboboddtbe OODbOoOooobooooboooboo
gogooooooooooon

100

10

043000000 0OnDOOO



as0 goo
51000
Leslie-Ericksen D 0000000000 DO0O0ODOO0ODOOO0DOO0ODOO0ODOODOO
oobobooobobooobboobobbooooo

(LHoOo0O00D000000000000OxO00000 zOOOOOOOOOOOO
(2000000000000 00000O0DO00D0OooOO00
U000 0D0D0DoDooooooooon
4e,.000000000000000O00O0O0DO0OO0OOOOOOOO



oooo
QUOD0DDLOO000DOO00O0DDOO00oDDOOoOooooO190MmnOoogn
0000000 DbOOoOoOooOIi1989mOnononm
(3) TsengO H.C.O O O 20 0O Phys.FluidsO 15(1972)0 1213.

4 DO0D0D0D000DbODOODmz00OO00DOODOO

(5) Chandrasekher0 S.O000 00001995 00O OO

(6) Clarkd M.G.O and Leslied F.M.[O0 Proc.Roy.Soc.[]1 A361(1978)0 463.

(7) LeslieO F.M.O Arch.Ration.Mech.Anal.[0 28(1968)[0 255.

@oLo0o0bo0obo0oo0ooO0o0ooDO0oooDOoooDOooOoOOoDbOOoDOoDOOoOoDO@Ooon)
(1996)



goo
gobooodobobooobbooobboodbbuooobbooobboobnbooon
goboboooooobbooboboobboooobuooobbooobboooboo
gogbobooooooobobooooboboooo



