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KIGEHETFE D 1 KIT Poisson AR &k TH 5.
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5 2 RuDAREFEE

55 2 BlDFZHE TR > 72 Poisson TR FUERTE % M 12| 2 Konsigic B 1) 2 HER
WREZ BT 2 (4 [1] 55 5 3E).
(BwT) Q 1k R? oG FERT, 28R T 3RS HaEe»rTHsET 5,
F7 T, Mo 1350 o
Fr=T Ul MNfh=0, [ #0

e dTET5, F Q>R g: M1 =R, g@: T 5> RPBEZoNKEE, XD Poisson
HEXOBEFHERMEZE 2 %,

~ i (P) N

RAZWT v 2R k-

(1) —Au="Ff inQ,

2 u=g only,

3 9u =g only,

on

\_ J
ZITnid T DA EBRAERR 2 FLeRT,
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5 2 RuDAREFEE

5 2 MO TH > 72 Poisson R DB FUBRIE % M 12, 2 ZoTiHIRIC B 1T 5 HIR
WL EHNT 2 (4 [1] 55 5 %),
(Bwi?) Q 1k R? oFFEET, 2088 T BRIWICHIEs0ThE LT 5,
F7 T, Mo 135
F:Flurz, Flﬂrzz(ﬂ, F175®

e dTET5, F Q>R g: M1 =R, g@: T 5> RPBEZoNKEE, XD Poisson
HEXOBEFHERMEZE 2 %,

1 (P) N
RAZWI-T uZRD &
(1) —Au=f inQ,
(2) u=g only,
du
3 & on M,
\_ J

22T nlET O EHEMERR 7 FLEERT,

R 1 Zouoga LR, (i) EEZNOFHBICHRERELZHE) £ 25 L. (i)
TEIERIE DS 2 ROCCTOEHWHETH B Z L 2 BT B L 2 AN E % B,
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5.1 ZMABEEZE~DIE L X0 1 RZIHF
HHQCRICHL, Q 2= e (1< k< Ne) ICH#EIT 5

~ Ne
ﬁ':, Q.= U €.
k=1

2L, B, TEM. HRMEOZ MDA LIcd 2 2 LI3EEIT 2 L1275,

M 1: ZoOMTH E NP Q 2 ZABo A TENT 5

Ne
Q BEAIBTRGIRY . B T2 Tw 2, Q= e BIIRFTE A,

k=1
#HEf e MY (AIR) 256 e k5
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5.1 ZABHEEZEADSHE L X011 REIERA

N, IFEFE DL (the number of elements) T, 7'8 7'F ATl NELMT D X 9
BAMOZHTIES NG 2 EDB 0,
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5.1 ZABHEEZEADSHE L X011 REIERA

N, IFEFE DL (the number of elements) T, 7'8 7'F ATl NELMT D X 9
BAMOZHTIES NG 2 EDB 0,

HIRSEEO T # B (node) EIED, (P)7, Ok 3 KBRS TH L,

m (X DI (the number of nodes) ¢, 7’0 277 A Tli% NNODE D K 9 72
FHTOZERCHIEI NS 2 L%\,
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5.1 ZABHEEZEADSHE L X011 REIERA

N, IFEFE DL (the number of elements) T, 7'8 7'F ATl NELMT D X 9
BAMOZHTIES NG 2 EDB 0,

ARERDOTENZHIR (node) &P, {P;}m, DX ) IHFEZZOITTEL,
m (X DI (the number of nodes) ¢, 7’0 277 A Tli% NNODE D K 9 72
FHTOZERCHIEI NS 2 L%\,
ER 1 X0t0Bh. iR O = EROME + 1 &) I ARBIRAKAL L
T, (KfZ mEFLELE mZHOT, BEE o (1< k< m), fligi%

xk (0< k< m) EFFIT B EDBHK, ) 2X0008G1E, 20 X9 MR
13750,

B #iE htt I, 5 ~2 RJL Poisson AU 2 A RY


http://m-katsurada.sakura.ne.jp/ana2022/

5.1 ZABHEEZEADSHE L X011 REIERA

Q biific, BEREHL ¢ LTx Ly O 1 REHAMMIEL VLD,
X381 REBER LT, Z204k%z X TROT (X 122 IR DR,

{ec}he, & X O ZXT 1 RAMES (piecewise linear finite element) &
P55
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5.1 ZABHEEZEADSHE L X011 REIERA

Q biific, BEREH e LT x &y O 1 REHEABEMIIHEL WL D%,
X381 REBER LT, Z204k%z X TROT (X 122 IR DR,

{ec}ie, & X D2 1 KA (piecewise linear finite element) &
H¥VS:O

2EBDIKBM z =a+bx+cy DI 7 7RVHTHEPE, X DT 7
1. ZEHIN O AT E RSO % 7 “Priufl” Th B,
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5.1 ZABHEEZEADSHE L X011 REIERA

Q biific, BEREH e LT x &y O 1 REHEABEMIIHEL WL D%,
X381 REBER LT, Z204k%z X TROT (X 122 IR DR,

{ec}he, & X O ZXT 1 RAMES (piecewise linear finite element) &
P55

DEMD IR z=a+bx+cy DZT 73 VHETHEDLE, X DIF7
. ZERINO S ARSI 2 YTl Th B,

AATBIB D] Xy, AR D] X 1R D X 5 1TE S,

(4) Xglz{v“vei

W= onrl}, X:{OGX’o:o onl'l}.

(@1 1% g ISEVRE LR 0B

B #iE htt


http://m-katsurada.sakura.ne.jp/ana2022/

5.1 ZMABEEZE~DIE L X0 1 RZIHF

O biigic, #HMREE ¢ T x &y 01 RSEAMMELLLO%,
K9 1 REERX LR, 2024h% X TEbT (X 12 2 EIF0iE),

{ec}ie, & X D2 1 KA (piecewise linear finite element) &
53,

DEMD IR z=a+bx+cy DZT 73 VHETHEDLE, X DIF7
. ZERINO S ARSI 2 YTl Th B,

AATBIB D2 Xy, iRBBIB DM X 13K D & 5 15ES

(4) Xglz{v“vei

v =g 0nr1}, X:{OGX‘O:O onl'l}.

N (81 13 g1 ICEWVEIE L3 W)
X DR {oi}m, &

(5a) pieX (i=1,2---,m),
(5b) (bi(Pj) :50' (iv.j: 1,2,... ’m)

7z bDEEMT 5 (:0)%1'4E’C“4*T%'n CHEE L n’*?ﬁ’@i“(%% EITHER),
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5.2 =it e LD 1 RBIE L & (L, Li)e (L, L),

5.2.1 =MDk

VR EO=MGHEE e 2525 (AKIF, LTO N, L b&HT, BEHRICK
DT, e, NE LK DX HICHOLIGDBRODH LBV, 9oL LT
k 1EWET 2),

e BT gz, KIGFEODIZN; = (x,y) (i=0,1,2) £33,
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5.2 =it e LD 1 RBIE L & (L, Li)e (L, L),

5.2.1 =MDk

VR EO=MGHEE e 2525 (AKIF, LTO N, L b&HT, BEHRICK
DT, e, NE LK DX HICHOLIGDBRODH LBV, 9oL LT
k 1EWET 2),

e KIBT 2Hidi%, KEEFEHDICT N, = (x,y) (1=0,1,2) £T 3,
BOLIRLIEREICL DT, e DI |e| ZFHLTEI I,
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5.2 =it e LD 1 RBIE L & (L, Li)e (L, L),

5.2.1 =MDk

VR EO=MGHEE e 2525 (AKIF, LTO N, L b&HT, BEHRICK
DT, e, NE LK DX HICHOLIGDBRODH LBV, 9oL LT
k 1EWET 2),

e KIBT 2Hidi%, KEEFEHDICT N, = (x,y) (1=0,1,2) £T 3,
BOLIRLIEREICL DT, e DI |e| ZFHLTEI I,

|e|:1det XX XX
2 Yi—% Y2—Y%

= % [ = x0)(y2 = o) = (11 = y0) (2 — x0)] -
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5.2 =it e LD 1 RBIE L & (L, Li)e (L, L),

5.2.1 =MDk

Pl EO=MAIBEEE e 2B A5 (AKRIE, LTO N, L; & T, HHEIC
DT, e, NE LK DX H IOV RVDD LAnss, 55E5 Lm@'c
k 1303 %),

e KIBT 2Hidi%, KEEFEHDICT N, = (x,y) (1=0,1,2) £T 3,
BOLIRLIEREICL DT, e DI |e| ZFHLTEI I,

1 _ _
le| = = det XX XX
2 Yi—% Y2—Y%

= % [ = x0)(y2 = o) = (11 = y0) (2 — x0)] -

1 XEHAeEE P ERT:
Pt ={a| (30407011,042 € R)i(x,y) = ap + arx + azy}.

5D 6 e P I, 3 i N; | 7‘%{lﬁu = G(N)) (i =0,1,2) ZfEETH
EEE D (0 = 0(P;) é:{bal_lbttblcli') TR T RO ).
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5.2 =it e LD 1 RBIE L & (L, Li)e (L, L),

5.2.1 =M OmHE

Pl EO=MAIBEEE e 2B A5 (AKRIE, LTO N, L; & T, HHEIC
DT, e, NE LK DX H IOV RVDD LAnss, 55E5 Lm@'c
k 1303 %),

e KIBT 2Hidi%, KEEFEHDICT N, = (x,y) (1=0,1,2) £T 3,
BOLIRLIEREICL DT, e DI |e| ZFHLTEI I,

le| = 1det< X170 X2 0 )
2 Yn—Y Y2—%
1
= > [(X1 - Xo)(Yz - )/o) - (}/1 - )/o)(Xz - Xo)] .

I REEAERZ Pt ERT:
P = {0 (Elozo,al,ozg € R)i(x,y) = ap + a1x + apy}.
ERD de P %, 3His N; T%flﬁu =0(N;) (i=0,1,2) ZfEETn
EEZE S (v = u(P)) k{ml_JLtCWJZ IR T 2D ), Zud, EBIIC

WS 0Th 208 (FiHid, 20 Eicdh D 3 (T LE—ER RIS Z2nw e 2)
ZHETIWIEE S), TR TIHENT 5,
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5.2.2 ZAMER DML L

it N, 1 ofiic 0 £42 LKESE L 295 (i=0,1,2), 2%
(6a) L€ P,
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5.2.2 =AIBEF DI L,
Himi N; T 1, fhoffisic0 &2 1 RB#Z L; £§5% (i=0,1,2), %0

(6a) L € P,
(Lo, Ly, Lo) 1& P* OIEIRICAR B, HEEL 1 ZHIMHET <0 D ., dimPL =3

ThBH5, ALED Ge P,
2

(7) d(x,y) =Y u'Li(x,y) ((x,y) €e)
i=0

tRIN%,
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5.2.2 ZAMER DML L

Hidi N; T 1, ofisico £4% 1 KM% L 95 (i=0,1,2), 2%
(6a) L€ P,

(Lo, Ly, Lo) 1& P* OIEIRICAR B, HEEL 1 ZHIMHET <0 D ., dimPL =3
THLHIDH, LED 1€ P,

(7) d(xy) = u'Lilxy) ((xy)<e)
i=0

tRIN%,

EED P eelci LT, 3 FEH (Lo(P), Li(P),L ())’EPO)EFEF(area
coordinate) & %\ IZFEDEERE (barycentric coordinate) &WES, (tax E23H %
Fi &S ENIENT R TIHED, )
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5.2.2 ZAMER DML L

fiisi N; T 1, fltofifisico 42 1 X% L, £32% (i=0,1,2), 2FD
(6a) L; € P,
(6b) Li(Nj) = Li(xj, ;) = 65 (j=0,1,2).

(Lo, L1, Lp) 1% P OREEICR %, FERE, 1 XMSIEIE T Cap D, dimPL =3
ThH06, LED Ue P,

(7) d(xy) = u'Lilxy) ((xy)<e)
i=0

tRIN%,

EED P eelci LT, 3 FEH (Lo(P), Li(P),L ())’EPO)EFEF(area
coordinate) & %\ IZFEDEERE (barycentric coordinate) &WES, (tax E23H %
Fi &S ENIENT R TIHED, )

ERD P € e I8 L TRADIL DY 32D,

Lo(P) + Ly(P) + L(P) = 1.
(PY DK E L TIE 3 D BEZEDS, EEELE L Tld 2 DTt vw) 2Lk 5, )
DL L@777®%ml&%mﬁ%%_oo
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Mathematica @ 2 — R4l & EiTHEHR

xs = {0, 3, 1}; ys = {0, 1, 2};
{a, b, c} = Inverse[Transpose[{{1, 1, 1}, xs, ys}]];
Lli_, x_, y_1 := allil] + b[[ill*x + c[[ill*y
xmin = Min[xs]; xmax = Max[xs]; ymin = Min[ys]; ymax = Max[ys];
gbase = RegionPlot[L[1, x, y] > O && L[2, x, y] > 0 & L[3, x, y] > 0,
{x, xmin, xmax},{y, ymin, ymax}]
gb=Table[Plot3D[L[i, x, y], {x, xmin, xmax}, {y, ymin, ymax},
RegionFunction -> Function[{x, y, z},
L1, x, y] > 0 && L2, x, y] > 0 & LI[3, x, yl > 011, {i, 3}]
gc=Table[ContourPlot[L[i, x, y], {x, xmin, xmax}, {y, ymin, ymax},
RegionFunction -> Function[{x, y, z},
L[1, x, y] > 0 && L[2, x, y] > 0 & L[3, x, yl > 011, {i, 3}]

20
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Mathematica @ 2 — F#l & FEiThE

—3IF L TATFLTHAL

curl -0 https://m-katsurada.sakura.ne.jp/ana/20221024.nb
open 20221024.nb
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Mathematica @ 2 — F#l & FEiThE
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5.2.3 MEEEDOBEDE T & (L), Li)e

AR DR DRI O W TIE, 2D 3,
0 A EDIEEDREE i, j, k \axf LT

i1kl

© [ [ Loy Lty Late ) dedy = 2lefm e
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5.2.3 MEEEDOBEDE T & (L), Li)e

SEEA  Po = (0,0), Py = (1,0), P, = (0,1) CHHEN 2 =MK% A £ L. 1 X
Bop:R2 R %

©(Po) =No, ¢(P1) =Ni1, ¢(P2) =N
TED 5,
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5.2.3 MEEEDOBEDE T & (L), Li)e

SR P, = (0,0), Py = (1,0), P, = (0,1) THZ N2 =M% A L. 1 X
Bop:R2 R %

¢©(Po) = No,  (P1) =Ni1, ¢(P2) =N,
TEDDL, ZDLZ
o(A) =e,
_[X1—X0 X2 —Xo u X0
wlu,v) = <)/1 —Yo ¥ —)/o) <V> * ()/o) ’

det ¢'(u, v) = det <X1_X0 )/1—yo> =2le|.
X2 =X Y2—Yo
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5.2.3 MDD & (L, L)e

SR P, = (0,0), Py = (1,0), P, = (0,1) THZ N2 =M% A L. 1 X
Bop:R2 R %

¢©(Po) = No,  (P1) =Ni1, ¢(P2) =N,
TEDDL, ZDLZ
o(A) =e,
_[X1—X0 X2 —Xo u X0
wlu,v) = <)/1 —Yo ¥ —)/o) <V> * ()/o) ’

det ¢'(u, v) = det <X1_X0 )/1—yo> =2le|.
X2 =X Y2—Yo

W Z A (x,y) = o(u,v) 21779 &
// L(")L{L’z‘ dxdy = //A Lo(p(u, v)) Ly(o(u, v)Y La(p(u, v))* |det ¢ (u, v)| du dv.
= 2lel [ [ Lot ) Lol )Y Lalip(u,v)) du .
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5.2.3 MEEEDOBEDE T & (L), Li)e

Li(p(u, v)) 1& (1 XBI% E 1 RBID AR TH 252 5), u, v IZDWTD 1 XBIHKT,
Li(N;j) = Li(¢(P))) = b;

2T LS

LO(QD(U, V)) =l-u—v, LI(QD(U7 V)) =u, L2(§0(uv V)) =V
(HFEAXoMIE 1 KBS T, N; TOMEP T 206, £FT—HT3).
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5.2.3 MEEEDOBEDE T & (L), Li)e

Li(p(u, v)) & (1 RBEI%E 1 REABOEKTH 2 025), v, v IZD0TD 1 REIET,
Li(N;j) = Li(¢(P))) = b;

2T LS

LO(QD(U, V)) =l-u—v, LI(QD(U7 V)) =u, L2(§0(uv V)) =V
(BERDWLE 1 X% T, N; COEP—KT 290, 2FT—HT 3).

W Z 1T
//LE;L{Lé dxdy=2\e|//(1— b= V) dudy
e A

1 1—u
=2\e|/ 174 (/ (1—u—v)ivkdv> du.
0 0
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5.2.3 MDD & (L, L)e

Li(p(u, v)) & (1 REAEE 1 REBOBRTH 250 6), u, v IZDWTD 1 XK T,
Li(N;j) = Li(¢(P))) = b;

2T LS

LO(QD(U, V)) =l-u—v, Ll(QO(U, V)) =u, L2(§0(uv V)) =V
(BERDWLE 1 X% T, N; COEP—KT 290, 2FT—HT 3).

W Z 1T
//LE;L{Lé dxdy=2\e|//(1— b= V) dudy
e A

1 1—u
=2\e|/ 174 (/ (1—u—v)ivkdv> du.
0 0

FAOAMOES T, v=>1—-u)t (0<t<1) LEBEMRT S L
dv=01—-u)dt, 1-u—v)=(Q-uv)—(Q—-u)t)=1-uv)(1-1t)
THDHNP5

/l_u(1 U= v)vRdv = /1(1 — ) (1= ) (1= u)t - (1 — u)dt
= (1—u)rt /1(1 —t)'t* dt.
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5.2.3 MR DEDORIT & (L), Lj)e

// Lol L5 dx dy = 2|e|/ (1— )™y du/ (1—t)t"dt
e 0 0

=2le|B(i+ k+2,j+1)B(i+1,k+1).

EH #8 htd I, 5 ~2 RJL Poisson HAICH T 24
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5.2.3 MEEEDOBEDE T & (L), Li)e

=
i

// Lol L5 dx dy = 2|e|/ (1— )™y du/ (1—t)t"dt
e 0 0
=2le|B(i+ k+2,j+1)B(i+1,k+1).

727 L BIERATCEEINIR—FVEHKTH %:
1
B(p. q) = / (1— P dt (p.q>0).
0
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5.2.3 MEEEDOBEDE T & (L), Li)e

l//LUé@ckdy:2kL/(1—uYM“Mdu/(1—tY#m
e 0 0
=2le|B(i+ k+2,j+1)B(i+1,k+1).

7L B IERATERSNERN—SBMTH 5:
Blp.a)= [ (-0 at (g > 0)
IDOR—FHKL, AV <B% 0 _
I'(x) ::/ e tdt (x>0)
tomf\ﬁ@ﬁﬂ&@ﬁﬁﬁbﬁg(ﬂ%uﬂzﬁﬁﬁp]§E2®ﬁ%E2MO

B@ﬂ)=§%¥g%,‘ﬂn+nzn!(neN)
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