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Abstract

This thesis research presents a novel immersed reference map technique for developing
full-Eulerian analytical and computational frameworks of fluid-structure interactions. The reference
map technique is utilized in the proposed frameworks as the analytical kernel of solid mechanics
analysis. Concerning the extensive physics of surrounding fluids, numerics of computational fluid
dynamics serves as a modeling engine of flow fields. The level-set functions are deeply applied to
accurately determine the locations of interfaces between solid and fluid materials. It is important
that mutually interfered deformation distributions of solids and flow fields of fluids obtained by the
reference map technique and the computational fluid dynamics can be integrated with the resolved
fluid-structure interaction force information based on the theory of immersed finite element method.
Consequently, such full-Eulerian frameworks are entirely compatible with the descriptions of fixed
grids commonly adopted by various numerical solvers of fluid mechanics. According to the
continuum mechanics theories aforementioned above, this research implements several
corresponding applied mathematics methods for validation studies, including the evolutions of level
sets coupling with flow fields, the algorithms of fluid dynamics, the interpolations using radial basis
functions, the conjugate gradient method, and the interface area ratio method.

The thesis is organized as follows: The background and research history of the fluid-structure
interactions are thoroughly reviewed in Chapter 1. Chapter 2 introduces the essential concepts of
the reference mapping technique, delineating governing equations of continuum mechanics in
Eulerian descriptions and further solving deformation distributions of solid materials at such fixed
grids. Static and quasi-static equilibrium examples of linear elastic solids are also given for
validation study of numerical accuracy and convergence associated with computation grid sizes.
Chapter 3 is the core of this study, embracing the theoretical derivations of the proposed immersed
reference map technique and the computational integration of related powerful scheme
implementations, including the evolutions of level sets coupling with flow fields, the algorithms of
fluid dynamics, the interpolations using radial basis functions, the conjugate gradient method, and
the interface area ratio method. In Chapter 4, the immersed reference map technique is implemented
in a series of computational examples to systematically investigate the influences of fluid-structure
interaction forces over mutually interfered fluid flows and solid deformations, including
environmental gravity, physical inertia, and material elasticity. Chapter 5 wraps the conclusion and
future work of the thesis.

Keywords: Fluid-structure interaction; Reference map technique; Level-set functions; Continuum

mechanics; Solid mechanics; Fluid mechanics
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HFREAAIRBFERET
£ 1@

# 4 & (Kinematics) 4 7% » ¥ oY

mr

A A o

335 4 Aok B Sk wie

Y Ed BT BRS BRI RZHES

AR HEEZF UL AT f e SRR (S E ok 1l Fl‘i'l_—@\j‘“u K
oo Ad R RN R R - ERH R 2 ngAe T (s LR A E
W ek Ed %*@ﬁ.ﬁdimfﬁ¢?+7 R = ERLE A g
B AR AL PR ke B dE
D¢;  dg; -

Dt
TR - PR &

TR P B RAT P T E R 2
Xy =& (xf,x9) =

LR ul S

Xy = fz(xpxz)
32
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Pitadicr X, 2 X, SN FHERBREEL £ R L FAE 32 &2 kT Ea
BB Y - AMA RS T 2 BT o kT & a3k ¢O(xD, x)) it t =
0 prod 2P B feahix B 2 BT £4 BE TPO(X, X)) = ¢ x9) ;s ¢ >0
Prood SRR 2 S ph b S fiw B

¢t (x?,x2) = °(§1(x7, x2), §2(x7, x2)) (3-40)
¥ GGy t) & Sy t) R FER > MK B ol ¢f(x], 1)) 7T

EER S T RS E S S RL RIS FET SRR S 2

S

N

TR EEE KRG 408 ¥ LT @0 aD) BB H RS A2
B RO EL o R PR T SE R AL BT S i

t
fi #5-%2 £+ (Hamilton-Jacobi) i g4 = #2.5¢ : %+ v-Vpt =0 ¥ t BF3n

Wi RHE v oo el e k@ a- pialz ¢t xd) [17] 2
»~"|‘1‘f’ ’(3 39) =\ b'%? (3 40) )( ‘_*\' }?*i‘%\#} /,\/F‘}"’\/rf’w"‘ %q/r‘] /7:1‘%_]%@;
&R %EerfvPﬁﬁ o ] 2 AR 7\ FF I AR ks ﬁ’;’—%fr;m:,‘ Tz RHA T

e FIME S R e PR AR R R g g

34. in AR AMPF R 2 2
FoROFMRUELERFLEL A AL HER R E RS e 5T

@RS S ORRT L e A A E MG RS 0 2 ASLI S AR R o g

dipd fEE o Tk e BN IR E S 4 u B T OB AR (2

BPR) -

341 HFEPHRIZ
£ $= 1 & ;% (conjugate gradient method) # 4~ d Hesteness f= Stiefel >+ 1952 #
SREAM S e B - BN LD TR R e e BB R o

SFEHREOPCIE S EFE PR BT LT R R Tar BR R
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EE e bn HREATELFAAEZRY 42 R Ra gt 282 NP0
R HRET U A GRS E SR R EPRABKED 2T o
FAGZnxnF L AT =A ~vx#0 xTAx>0) b it EwE -
P=[p1-pnls - EfH>T AL i & AP A = b FEfEx™ 7 11 4 77
ax*=A"hL x5
x" = aipy + - +a,p, = P (3-41)
B a=[ag, o)t @S fEeAx=bE ALk pT s AT ER:
PTAPa = PTh (3-42)

d 3P LA ATRESL > P EF LB L

PTAP al] ) (3-43)
PTAP, | Lan PTh
= AP =N
PTh
al: 'Il‘ , i:ll...,n (3_44)
PTAP,

Bk X A4 B 2 Xo(F M3TXo s ERB) 4%k BRI * B A3 2 H IT 0L F B

(3-41)icy %

X" —Xg = aoppo + a1p1 + - +0u_1Pn_1 (3-45)
Xj —Xo = QoPo + a1py + - +Qj_1Pj_1 ,J > 0 (3-46)
Xj+1 = X]' + (X]p] (3- 47)

BRM S REAX=bnEgEA gL f pTE s AT uE

PTA(x" — x;) = BTA(oyp; + -+ +tn_1Pp—1) = oyRBT Ap; (3- 48)
o M E A
T * T T
a_=Pl' Alx _XJ')=P]' (b_AXi)= B (3- 49)
] P'AP, P'AP, B'AR

—,)E—! ¢ = b —Ax] EERERE TF;»;QP].HL? R ,Fég EY To,"',n+1éﬁéﬂ‘fi,§f'_€ v 4
Pii1 =T1j41 + Bjpj (3-50)
Wb AR ef L Ap T @
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P11AP = 0 =1} | AP + B;p] AP, (3-51)
—11AD  Taryg (3-52)

T T TAp, . Ty
pj AR U

PR P HE S S A A EESET S

3-1 X et Ris Mg 2 2

s

Bk X A7 dp i 5 X » F A tol = x — X7

1)

ro =b — Ax,
Po = To
j=0
(2)
T
0(-=—Pj b
] P]TAP]

Xj+1 = Xj + o4p;

Ti+1 =7 — 05 Ap;

heBer g [ tol 0 PR B H R S B i (R B ST R G Xy 0 X B

T

_ T+l
j T,
RS

Pjt1 = 1j41 + Bjp;
k=k+1

ORT UL E

AP 2 R IR AR R AR PR F s F o e
BEMAE (AR B A F kT f SRR E S 4 R AR (R
3w B4 F kT L SUESA ST R }%'d LEEFREEDHEH
v H

FRhAF(CFRFAMOMER T AR F g & 4 L RCL R SRS i Ay
SERAE R AR B 342 % 59 BT
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gt % - B H g ]k R 0 o 3-6)7T 0 B2 ¢ AP R AF S
SEARLE £ ULERS PRI S AR EE E S S L
WA Z 2 FAMAHER > AL FPRZRIZZ S FHM~F L s

f(x,y) =sin(x)cos(y) ~ indg~ %  chdi 5 f(x,y) =0~ Bk AL R ~
FLAHELE-(R3-7) SHBEFEHFRZJIL2ZE > VUFRHFAMAZ 5
A E R R o A ) KR DY T G D AR

Ak b5 ISR (R 3-8)

3.4.2. & FkW o] i3

B B R R KT RS e L (R F RS B AR T f o
BT L E PR B R FR A R R S AR R chpedt o 4
Jﬁf?‘ﬁ’fﬁ@ TS ET UG E N EREEY LB ARG o H
AREAMAEAE Y Efpag F o) ATR A A~ 3P (g 1 6] A5

TEFM AR 2R '&%mmﬁ“ Plifed JE 5 - o

FALHAFETE S BR AT BRAEZ A x 2 ey 2o EREA
Wi dx ~ dy PAFefs dedy cd B3-9FEAE x 3w s T
BT LR S

Oxx (X + dx)dy — 0y (X)dy + Ty (y + dy)dx — 7, (y)dx + pgrdxdy (3-53)

_ Dvdd
_th xay

#1(3-53) 2+ 4 dxdy T E ]

Oxx (X + dx) — 0 (x) n Tyx(y +dy) — Tyx()’) + pgy pD_v (3- 54)
dx dy Dt
PAfL T BRI A G by G b T RN T R L
o. +dy)—o T +dx) —1,,(x Dv
yy(y Y) yy(y) + xy( ) yx( ) + pgy _ p_y (3_ 55)
dy dx Dt

BE(3-54)~(3-55) iRl A A A a5 At (3- 14)4p o
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AATHITEBES DT RL I AFHWMETHE Y Sp e B 0 FF RS
MRz R o P ARBE B HF2MBEE LR Am~ ANE
BANERIES U FANAFE AR A G RENEABE Y B TR EE A

FPMEAMEIMHELRFELE VIR ABES Hod B 3-107 A

at-

B s AR A ke b A5 2 A AR LR R B S AR
PR B MR AR R E DT Ao d S BRI LT B2 1 Rl
Pz )3 FFGRBFELIRTUERZAFLINABES S d o a b

c ~d tufrEEREER(a+b=dy ~ c+d=dx)-

d3-53)vEHHEE x > tad T VG
Jxx(x +dx) — Uxx(x) n Tyx(y + dy) - Tyx(y) +pSg. = stx (3-56)
dx dy P 9x =P "y

ZPRE 3-10 A ERAEA LA BIAS > 4B 3-11 %77 - H? " FLid 2 ke
2_08% 4 o T £AHB 2 x 3w b i I A5

Opx (X + dx)dy — 0y (X)b + Ty (y + dy)d — 7y, (y)dx + pS g, Al dxdy (3-57)

Fo=ps 20 ar dxd
=p Dt xay
ZANERF2Z x Pt ihd TS NG
Dv -
F — oy (x)a+1,,(y + dy)c + p°g,A°dxdy = pSEAdedy (3-58)

Af

#-(3- 58)%{111 — FLG-57)F uE T
F = A50,,(x + dx)dy + AT 0, (x)a — A50,,, (X)b + A%T, (v + dy)d (3- 59)

- Anyx(y +dy)c — A%ty (y)dx

B(3- 59) 1k A (3-58)F L EF| G R A A = A FE L x S 9t s T 2N
A% (0xx(x + dx)dy — 0y (X)dy + 1, (y + dy)dx — 7., (y + dy)dx) (3- 60)

Dv
+ p3g,dxdy) =p D—Asdxdy
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dx dy

23 <(Fxx(x + dx) — Oy (%) + Ty (y +dy) — Tyx(y) ) & (3-61)
Lbi‘ﬁ#&?.'llgfd—juﬁi'] RCR=E R ‘3'-11/ T B DA B

< ,}%ﬂsﬁi;\‘ Bt

Dv
ASpS — m = A%p®g; + ASa}} (3-62)
FAFNIELBZ-I0F 2R AN RRPRFETE SRS PR S NI ET Y
ERLRA AR £ BB OREE T E S AN L

Dv:

FEv_ f f (3-63
Asp Dt A*pl g; + Aoy ; )
FEL A HURER LA FT & L(B-61)2G-6QF i E £ R

Dv; )
FFSI = s (_(ps _ pf)D_tl voi—al, +(p°— pf)gl_> (3- 64)
AR UL B gt R kb 3% B e i B48 & 4 fFSTe he(B) 3-12)%5 % o

25 FIB AT S EU~G F FIB AT SR AV 26 RIBpASae Bo ¢ FEE
- BFAE o AFEY LRSI A P A F T xS e R EEE 4 0 & T
PRSIk & Y

@“=AS((p—4ﬁ}——+awy oy +6° = pNg) (69

T kA e R KT B S BT RAeAl o A IeATR e B A - B A
g

s

AP R BRAMSHEREAEC GRS ER T R AR S G2
- P A F(R3-13) ARG A FEAVRT RS fids  R H
FF A TSR Y T AR S E A E TG 0 G ASR TR S

- ARG GIATR R Z R

AS =1 (3-66)
Af =0 (3-67)
FofEAE LB AE(B3-14) A E T Ak T § adis

S A AR T R TR N RS SRR o B SR A R e GIASHE

X
P
RESFCARRES -
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(3- 68)
(3- 69)
PO FMOAMER A E > 2R ARG R T R Sk 2N EL 3 )

v

WE o FMGIAE R A AR T A8 BN A - 3 FMIALE R A A i

(B 3-15) 25 a1 6> F4eT o BRP, <00 2 dy 3~y >0d = 47

CREALI ARk

sl <2l =c - d (3-70)
|1l sl =a b (3-71)

BRAFAKTERE LI AR - Her2dafs - 0 (B 3-157 =

TS BRI TR T E S

ac

s___a 3-72
A 2(45 + AN) -7
Af=1-4As (3-73)
At #E L - d(3-70)~ 3-71)F B F|
_leal (3- 74)
|¢1| + |3
_eal (3-75)
|¢1| + |p,|

H(3-74)~ (3-T5)F » (3-72)F 7 (F 1l & A1 GIAS~ Al e B = 5 FAR AR R B Es AR

HHeiF (R 3- 16) > 358 & it e F4e™ o Bakdy <02 3 2y >0 o

Z AR AL T U E
|1l sl =e - f (3-76)
|d2| < |dal =g R (3-77)
d 3t dy Py < OB 3- 16)° 2B enyea) 5 B4 > L F A, 5 il A s
o fFblv i

(e+g)

AS=—— 22
2(45 + AN

(3- 78)
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_ (f+h) (3-79)
T 2(45 4+ AN)

4 (3-76) ~ (3-77)F 183

__ ¢ (3- 80)
gl + s
N 1 (3- 81)
el + |
__ 19 (3- 82)
2l + |l
¢4l (3- 83)
ol + |l

#-(3- 80) ~ (3-81) ~ (3-82) ~ (3-83)%F » (3-78) ~ (3-79) T ¥ @ F| & i1+ HIAS ~ Af

35. #iE 3

AEHET 2328974 5t g R rJL 05T ph st EcE > 2 - RBF
&Fﬁil’f‘i:}lﬁi‘”ﬁ WAL A EE ”}; KE\I;L‘%/Z‘L iz 27— IB‘«E? o r]%ﬁl, F\:E{EE’;"/%/EEE\‘
FH LR PERE S F oS Y AR L REREL EOREET o AdE

2 LA T B R SRR G D AR v S ST e T

351 L #

B S PO W F S p R S R B R
iR BATHSCR T F S B R R 4 ) o 4o(R 3-17)01 0 iRk (U} 2{V}

FeBhE R KT B Sdkpy dy 0 P Ry p R AR 4 R £ o] et

BiR s {UY #adkk (V) fgd -

352. A*HZ:
AEJR D - RRREN AT RN IS E B RS AR
ﬁgtnﬂféﬁvn ,fn ‘PS ¢n » pb 3 ok %L — ,;g ;,J m%’\‘j—l*}’;‘;ﬁ;lj"% fii\ ; v
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FRLAMIT - BREFHAEM+1) B B F 2RI § T BREE AR

7~

LAT % 3-2 707 ZEBN ST PRSI AT B RAME Ry B P Ay

FAORRBEHREE SR ¢ e LA Q3254 BE)RY -

F 3-2 BN S pa i R & i S 2 Pk

ey S EM L pS v pf st
) ’F‘%—: pntl ‘€n+1 . n+1 ¢n+1
iy

(1) 5 54 Rt R o JFd B4 R R T F SR GRS

F= (fi,j)_l (3-84)
(2) ;J_ar‘]t‘rl{:/;‘ ,ﬁ%" -
® Iirkgp"(x)<O0

o=0%5=05F) (3-8%)
® Iirk¢p"(x)>0

o= 0 ,u(v” + v, i) (3- 86)
() nFmEd EF R T

0 x €07/05  (3-87)
fiFSI — f

(p—pﬁ——+m“ o5, +*=pNg: x €0 (3gg)
(3-87)~ (3- 8Q) W FIME = F ~ WURRE A F L R A E 4 0 3.4 &4
G2 inRE L PR R KT 2 v @RISR g L 4 o

(4) T 37 B3

vn+1 "
pf( re vfn”ir,lf) = ol + 15+ 07 (-89
(5) #ARIFHIE

430G AL Z A E s ERBEFINFERSET I 2 ifgf’%ﬁé RBF #& &

I T SETER
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(7) LATRT Sk

¢t = \,/((En+1 Xcenter)® + (’531} - ycent”)z) -
(8) LATHAF

B ir¥k¢p"(x) <0

pn+1 — ps

B ik ep"(x)>0

n+1

pntl = pf

(3- 90)

(3-91)

(3-92)

(3-93)

3.5.3. /f“"?’%\ﬁ’l&

JZ % 35 S0 #icdE @ (Radial Base Functions Interpolation) & — & ## # & ¥ @ fo gL

Bh 0 2L 1 e 4R o 5w B 2 [4] 0 A3 % 7§ 2 MATLAB (Mathworks, Inc.)

EZT R TN o Hd RE L I E §a (Curve fitting toolbox) » 4 * B3k

(Biharmonic) # > 3t 4&zz22 B = ;% (Marker-and-cell » f§ 3o

ARG AL EE NS TR TF#FBEL 57

(U} ~ v} =@ -

354, F "AA 3

=

bk 35580 5 Bau i

3 MAC)ci fe 8
Ph b T2 kR S Bk

TR gt Binad FRRER S UL

ARt R B RER o pAAT ARG R AR BT LB L

vij =0

p (vjvij) = —p;+u(vy;) + f;

(3- 94)

(3-95)

P (3-94)E A AT RAE (-95) A AMB R T ES 2N o5 il FY o &
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Fl it B - F g R F g T LB ER R ] Sl kR AT
1o s T KGR AHG-95)E 7 R T FEd E 8 B AR RS g R

T T R B R S (% 3-3)

% 3-3 @& F]S i Sl

—_*1 —_ X2
1_l* 2_l*
— " — _V2
1_1]* Z_U*
= Al =l
1= %2 fZ_ %2
pv pv

_ 4

b= )

pv

Vi =0 (3- 96)

1 3-97
Vivij = Pt o (vijj) + fi (3-97
#? s Re= T ke

G VAR AR B AR R A BRI AR R &

TAF Y R BRI MEFERLS BV v A BB RA A K e B AT

P
4e(B] 3- 18)#777 » 7 & )k Sn et fy IRk AR & (8, 85) # 1 0 @ K IR AR K (8, E3)
BRI AR K (X, Xy) 2 B ek 4o

2(x; — x{)
li

= (3-98)

HY 0 Gx§) R A AR AT Bl LR A AE Ax oy Bk A o (F 3-18)
g‘!:'l'VSFh}\jﬂ %‘K@-%/E'L" :‘%" (_11 _1)' (O, _1)' (1) _1)1 (1'0)) (1'1)) (Oll)J (_1;1)r (_1;0) ° %%
d A5k S B A P e BB AR Sl N B BL R Ak S B TR S

M(E1,82) ~ N(§p, &) kmp o (% 3-4) ¢
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% 3-4 & 7= Sk

M &) = (1~ & — & + Ea6)

M5y 8) =3 (L+ 6 + 6+ 6)

N'(e,8) = 3 (1~ £ - &)1
+$1+$2)

NG B) = — 3 (14 £)(1 — &)
6 +8)

NS (g B) = —3 (L4 E)(L+ &)1
~6-&)

NGB = —3 (- £+ £)(1
+6 )

1

M2(&;, ;) = Z(l + & =& —46182)
1

M4(E1' Ez) = Z(l =&+ & —4182)

1
N2(51,8) = 5 (1 —§D (1~ &)
1
N4(E1' Ez) = 5(1 - 522)(1 + 51)
1
NoGE,E) =5 (1 - D1 +&)

1
N6(E1' Ez) = 5(1 - 522)(1 —¢1)

b ST o BRESE T MO S R4 B R

v oM Z SRR E S BHNAR S R HAT

T, hA BB ?;rzg»}; Lt BRI EEVEA B ope B):

4
p= Z Mapa
a=1

[e¢]

(3- 99)

(3- 100)

Wi ESB AN 2N R AN EA B I BRIy, X) ~ g(Xy,Xg) B

ZREZEY s BHESE h(x,xy) 5 REB Y e B3

V- (fvg) = fV?g + Vf - Vg

JV-h dA=¢ h-n dS
R R

(3- 101)

(3- 102)
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EE .Y N R R TER FUETE S SIS S R

Franfg e

fa A Ry
R n ox? = 0x3

== f6a1 V2v1 d
R

== f V * ((5a1V171) dA - fv5a1 . VU1 dA
R R

== f V5a1 . VU1d5 - fV6a1 * Vvl dA
OR R

== _fVSal -Vvl dA
R

HoSa, =0 Flav, edRY 5 ¢ dro fpIL

0%v, 0%v,
f(saz —2+— dA=_jV6a2'VU2 dA
R R

ox? = 0x3
pagbd gf of, »3-9N)F B

v, v, ap 1
5(11171 +6a1v2 +6 aq +_V6a1 Vvl dA = O
9%, ox, ox,

v, ov 0 1
J(Sazvla +6a2v26 z+6 Zapz V6a2 Vv, dA=0

BB HR Y BRI BHB A Y (3-90)T 1B &

f@ (6171 + 6172) dA =0
P\ox, " ox, B

(3- 105) ~ (3- 106) ~ (3- 107)7 14 12 2%k & He s & Bhenfic e £ 2 B

8

6a1 = Z NaSala

a=1
8
6a2 = Z Na5a2a
a=1
4
op = Z M35p?
a=1

45

(3-103)

(3- 104)

(3- 105)

(3- 106)

(3- 107)

'—:,. .

(3- 108)

(3- 109)

(3- 110)
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ONP oM?
U Nz o A VD + N ——p¢ (3- I
X1 X2

L1 ON? NP b+aNaaNb o) aalsar = o0
Re \ 0x, 0x; Vi dx, 0x, Vi %=

oNP oMm4
N2 a a d (3- 112)
U 1aalw+NvH7;@+Nahp

L1 ON? NP b+6NaaNb b) aal saa = o0
Re \ 0x, 0x; v dx, 0x, v %2 =

aNP
[f M€ — MCa V3 dAl(Sp =0 (-113)
X2

Ay = Nbvl\v = NPvhsd 2+ A iz & eh8a? ~ 6ad ~ SpC i imT (3- 111)~(3- 112)-

(3-113)55 & » g~ ¥ L ff i+ % ¢

dNP NP oMd i
f Nav; 6_1V1 + N3v, — oxs v + N2 ox pd (- 114)

1 (ON?ONP  ON3ONP |
—( 5= — VP |dA=0

axl axl Vi + axZ axZ

oNP ONP omd i
f I\ 0_1V2 + Ny —— - vh + N2 o, pd (3-115)
1 (ON2ONP b+6Na6Nb b 44 = o
axl axl V2 axZ axZ v N

dNP dNP
fM WP+ MC—vPdA=0 (3-116)

dx ox
R X1 X2

4 (3-114)~ (3-115)~(3-116) » ¥ 12 2. & d1— {F ~ 4 eh%h B 4L A(20 * 20) 2 7% &_:

hisdpd Rapdd 30— BA3 L4 20Bpd BRorth eh4 ] 5 (20%1) b 1 £ #
4GB B vk b4 R T h 5 (20%1) R aBAE o

%’ﬁ“r} BEPAFHT BT BREELE S - BB D REERL IR
ek 4 B T T R A R AR 0 0 N s Y o et Y
BERFEN &3 UAF2 ot B R RABER R R LR RN R

% BT 6 i PR AT -
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355. 4 'TLA

B UL A R S RN T R S

Vii = 0 (3- 117)
1 3-118

Vit + D1 = —V1V11 — V2Vy2 + Re (V1,11 + 171,22) + f1 ( )
1 3-119

Uyt T P2 = —ViVpq — VpVp + Re (172,11 + Vz,zz) + 12 ( )

Ho > B-117) R 2@ FR 2N ~B-118)~3-119) R 2 RFE T |53 425 259 3.54

“x o 3 s : . VSN b v
G AR E -k N ZED RN BN iER T le/@E—’_(Rezp# )
BRUM VA s A a R H BN v ERFE y I v R 7 Y

;ﬁri U BAEGE EF A+ 1yt YL 3-5)

303-5F VLA Bl 2

1. 2t

d 3 A BT 2L M eh ks &E;\” RS NP ﬁs?ﬁg’;f; » Bl AR B jE
PR RS R RAJEAMUEI o R YRS 0 FREF CFL g
At - bl 3 L g e s o
(ES DA BES 2R o4 PP EEPpAE TR BEFRF

HIFALR > G- B3 B S e e Ax

ur-un _ _UnaU"_VnaU” (3- 120)
At d0x dy

yr—vn __yn avn" _yn ovn (3-121)
At 0x ay

2. AbiFIE

ARAF AR BN RS BT R - B 4c§(+§ﬁvxﬂﬁvj(AAx—zs 1) & i
NS BF R 2 AEBETAPN S AITA BRP LI HASF RIS ERE

R
Nk
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At 0x? dy?

yrovr 1 (9T ot (3:123)
At 0x? 0y?

3. R4

o R4 B R > KD RSV RRS TR G

Un+1 _ U** _ a(pn+1) (3_ 124)
At ox

v 9™ (3- 125)
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