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o Hh [1] % 3 & [Ritz-Galerkin i£) ONBZHIT %,

o 10 A 11 H (AWE) » 5. IARAIIEHHIRTEE LN L1 2725,
ZDHBRITL L 1 ORI (BEZE 1 506 =) TIT5, RHARR
R EOEBHTRELZANATIC Zoom 2 —TF 4 VI CBEMET %, %
FHBBRIIRETRLLZXF4 FEHWTITW, 2D PDF 22083 3,

o HMIH® Zoom * 7 4+ A7 v — % KW 12:00-13:00 IZ3%T %, SN
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Ro7a. MHRMZZET 200 LKWV, )
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3 Poisson 72D FEMEII N 3 5 Ritz-Galerkin £

Hi[El DT, Poisson /iR N DIFSYERME Z M IC LT, 551 (598D
JiiE) %%HHL (/N 2257 JRBRAS R D 2D T & 2 TR L 7.

SENE. [ D [HE A EM I, Ritz-Galerkin & £ WO MRERSHIHAT 2, &
Bﬁgiﬁbi Ritz-Galerkin IEO—FTH 3., WX 5,
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3 Poisson A2 DR FYERTEIC R 3 5 Ritz-Galerkin %

HiIE DR T, Poisson R OBFERME R EMIC LT, 59ERL (9D
JR) ZFEHL. (RN 20BN DO 2 BHER L 7.

SENE. ([ L2 EA 0, Ritz-Galerkin 3% W0 50 BfREZ AT 2, B
FREEZIEIX. Ritz-Galerkin EO—FTH 5, W3R 5,

FE-oT, BIPLFFLLFHMAT L ERD L5127 %,
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3 Poisson A2 DR FYERTEIC R 3 5 Ritz-Galerkin %

HiIE DR T, Poisson R OBFERME R EMIC LT, 59ERL (9D
JR) ZFEHL. (RN 20BN DO 2 BHER L 7.

SENE. ([ L2 EA 0, Ritz-Galerkin 3% W0 50 BfREZ AT 2, B
FREEZIEIX. Ritz-Galerkin EO—FTH 5, W3R 5,

FE-T. BIPLFLLLFHHAT 2 RD L1225,

Ritz-Galerkin %1%, HiEIfEH L 72530 EQCHATH 2 L R %,

RO FEL X, MO EXOBFERE (P) 2&85 3579, 2hk
Euler-Lagrange /712 & 5 2 &0 (V) £ h & [AEREE (W) (3B Tidihxh
3) BENTHRT S, LVIBDTHo7,

Ritz-Galerkin i, (V) % (W) 2HERXICEL L 2 HME (V), (W) 0%, & & of
& (P) OiEUfRICERHT 2., 2W0WHbDTH 5,
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3 Poisson A2 DR FYERTEIC R 3 5 Ritz-Galerkin %

HiIE DR T, Poisson R OBFERME R EMIC LT, 59ERL (9D
JR) ZFEHL. (RN 20BN DO 2 BHER L 7.

SENE. ([ L2 EA 0, Ritz-Galerkin 3% W0 50 BfREZ AT 2, B
FREEZIEIX. Ritz-Galerkin EO—FTH 5, W3R 5,

FE-T. BIPLFLLLFHHAT 2 RD L1225,

Ritz-Galerkin %1%, HiEIfEH L 72530 EQCHATH 2 L R %,

RO FEL X, MO EXOBFERE (P) 2&85 3579, 2hk
Euler-Lagrange /712 & 5 2 &0 (V) £ h & [AEREE (W) (3B Tidihxh
3) BENTHRT S, LVIBDTHo7,

Ritz-Galerkin i, (V) % (W) 2HERXICEL L 2 HME (V), (W) 0%, & & of
& (P) OiEUfRICERHT 2., 2W0WHbDTH 5,

4y -
ZoEE DR LRLEE LT, A4k Fli/ayleigh 72 ¥ DRFFE (“Theory of Sound” [2], [3])
bHoTeh, SERL7ZDIE Ritz TH 3 (Ritz DFIE, Ritz [4]).

O Hi% htt S FR R AL § 3 [a] ~Ritz-Galerkin %~



http://nalab.mind.meiji.ac.jp/~mk/ana2021/

3 Poisson A2 DR FYERTEIC R 3 5 Ritz-Galerkin %

HiIE DR T, Poisson R OBFERME R EMIC LT, 59ERL (9D
JR) ZFEHL. (RN 20BN DO 2 BHER L 7.

SENE. ([ L2 EA 0, Ritz-Galerkin 3% W0 50 BfREZ AT 2, B
FREEZIEIX. Ritz-Galerkin EO—FTH 5, W3R 5,

FE-oT, BIPLFFLLFHMAT L ERD L5127 %,

Ritz-Galerkin %1%, HiEIfEH L 72530 EQCHATH 2 L R %,

SROFIELIE. MO AEXOREFEME (P) 2ERT 5720, £k
Euler-Lagrange /712 & 5 2 &0 (V) £ h & [AEREE (W) (3B Tidihxh
3) BENTHRT S, LVIBDTHo7,

Ritz-Galerkin i, (V) % (W) 2HERXICEL L 2 HME (V), (W) 0%, & & of
& (P) OiEUfRICERHT 2., 2W0WHbDTH 5,

ZoEE DR LRLEE LT, A4k Fli/a;/le)igh 72 ¥ DRFFE (“Theory of Sound” [2], [3])
bHoTeh, SERL7ZDIE Ritz TH 3 (Ritz DFIE, Ritz [4]).

DR LIX U D DX, Rayleigh-Ritz OFiE ¥ 2>, Rayleigh OADAHIHDOWD LTV,
Rayleigh J (John William Strutt, “third Baron Rayleigh”, “Lord Rayleigh”, 1842-1919) (&£
= L2 KRPH%#E . Ritz (Walter Ritz, 1878-1909) 3% L TR Bo7z WHEED H - T,
Ritz OHANIBA L S, £ LTENDRGIZF STV &S RAEIET 5N 5,
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3.1 Galerkin ik 3.1.1 X,,, X OHERKITIEML

FIRDOBRITTELIRE U TP HREROELMEEZRD XS5, 205 DH
Galerkin 5 TH %,
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3.1 Galerkin ik 3.1.1 X,,, X OHERKITIEML

FIRDOBRITTELIRE U TP HREROELMEEZRD XS5, 205 DH
Galerkin 5 TH %,

WL ODDBEESR, 2D 1 KEEET v v OB EES,

O Hi% htt JEFEEMAT RS 25 3 [ ~Ritz-Galerkin i~


http://nalab.mind.meiji.ac.jp/~mk/ana2021/

3.1 Galerkin ik 3.1.1 X,,, X OHERKITIEML

FIRDOBRITTELIRE U TP HREROELMEEZRD XS5, 205 DH
Galerkin 5 TH %,

VW OBOBIEER, 20 1 XEAT u % v OB EES, XD AE
IR X,,, X DBERITLEM K, X £ 1F 5 720

(1) g&i=g only
(2) ;=0 only (i=12,---,m)

LHB g by LI e X (i= 1, , m) BREMISEE,

(3) Xg = {g’l +) a;
i=1

@ %= {z -
i=1

B BT {¢i} @2 & 2RI (basis functions) & LS,

(31)"'aam)€Rm}a

(a1, ,am) €R"’}
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3.1 Galerkin 7% 3.1.2 [HI7 (W)

Poisson 2D HFUAERE (P) Ot u % X, OEFE 0 THELT 2L %%
2% §9 (W) ZEWIFENRT,

F3%E (W)

Find & € )?gl s.t.

(5) (@,0) = (f,0) +[g2,9] (v €X).

EWVWSHEEEZ B,
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3.1 Galerkin 7% 3.1.2 [HI7 (W)

Poisson 2D HFUAERE (P) Ot u % X, OEFE 0 THELT 2L %%
Z %, 3 (W) &2 BWFELXT,

FARE (W)

Find i € X, stt.

A

(5) (0,0) = (f,0) + [&2, 0] (V€ X).

EWSHEEZEZ 2, BRAIC. ZONHOFEEWTIE, 0 ZEITEH (trial
function), 0 % 5HERBI%K (test function) ¥ L5,
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3.1 Galerkin 7% 3.1.2 [EIRE (W)

Poisson 2R DEFUEE (P) O u % X, OEFE 0 TEMT 2L %%
25, PR (W) ZEWFELAT,

FARE (W)

Find & € )?gl s.t.

(5) (@,0) = (f,0) +[g2,9] (v €X).

EWSHEEZEZ S, BbRAIC. ZONFHOFEEWCTIE, 0 ZEITEE (trial
function), 0 % 5HERBI%K (test function) ¥ L5,

Rk 1 (BN =R
T ZCIRRBEROZRM X v LT, RTEROZEM X, & (21T o
TIRONTWS) ZERAL72A, ZAUTMME L WS DI TldRWV, ERRICE LR D
PEDNTVDS (bokd, ZDFEIE. Galerkin £ TR, EHMITEFREE (method
of weighted residuals, weighted residual methods) &FHEN2 Z £ 3% W), T DEKT

Galerkin #£iZ, #THHT % Ritz ELX D BEWHIETH S, 55 I etk s,
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3.1 Galerkin . 3.1.3 FiI58 (W)

RIRE (W) O (5) 28 0 € X WO EIBT. X 5 {¢}ic12. .m THRONSZ T LD
5. (W) ix. XORE (W) LAETH 25 2 LHDD 5.

RS (W)

Find 0 € X,, s.t.

(6) <ﬁ,1/},'> = (fﬂ/h) + [g27'¢)i] (’ = 1727' o ’m)'
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3.1 Galerkin . 3.1.3 FiI58 (W)

RIRE (W) O (5) 28 0 € X WO EIBT. X 5 {¢}ic12. .m THRONSZ T LD
5. (W) ix. XORE (W) LAETH 25 2 LHDD 5.

RS (W)

Find 0 € X,, s.t.

(6) <ﬁ,1/},'> = (fﬂ/h) + [g27'¢)i] (’ = 1727' o ’m)'

KBS i € X THBPH, € Xy, . (5) ZiMirzTRBI1E, (6) Zififz T,
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3.1 Galerkin i 3.1.3 il (W

IR (W) D4R (5) 73) Ve X iToEfpT. X 7b> {Y}iz12,...m THROHND Z &
5. (W) & ROHE (W )Xﬂfﬁ’c‘bé &3y

RS (W)

Find 0 € X,, s.t.

(6) <ﬁ,1/},'> = (fﬂ/}:) + [g27'¢)i] (’ = 1727' o ’m)'

EE e X THBDE, D€ X, 25, (5) 2l THEIZ, (6) &illiZz T
T b€ Xg, B (6) B/, AFED o 2T i IOWTHIAZZET

Z a,-(ﬁ, 1/),> = Z a,-(f, ¢1) + Z a;[gz, ’d):]
i=1 i=1 i=1
WD D &

(@ ija,z/» <fZ ,w,>

i=1

g2, Z 3:‘1/);:| .

i=1

ZHIE (5) B D D ¥ AT 5, O
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3.1 Galerkinix  3.1.4 H 7 1 XAGERDEH

FER (6) E. H2E 1 XRABERLFAETHZ Z L 2RE D,
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3.1 Galerkinix  3.1.4 H 7 1 XAGERDEH

FER (6) 1Z. HBHN 1 XSFBERLFETHE L ERED, G€ Xy THEDD,
H3a(j=1,--,m) PEFELT

m
b=&+) a;
j=1

LRE B,
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3.1 Galerkinix  3.1.4 H 7 1 XAGERDEH

FER (6) 1Z. HBHN 1 XSFBERLFETHE L ERED, G€ Xy THEDD,
H3a(j=1,--,m) PEFELT

b=&+) a;
j=1
rERED, ThE (6) KRATZE

@+ ay, ) = (F,) + e, (i=1,2,--,m).

Jj=1
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3.1 Galerkinix  3.1.4 H 7 1 XAGERDEH

FER (6) 1Z. HBHN 1 XSFBERLFETHE L ERED, G€ Xy THEDD,
H3a(j=1,--,m) PEFELT

b=&+) a;
j=1
rERED, ThE (6) KRATZE

@+ ay, ) = (F,) + e, (i=1,2,--,m).

=
Tibb
(7) (@00 + Y a3y, ) = (F,40) + e, ] (i=1,2,---,m).
j=1

O Hi% htt S FR R AL § 3 [a] ~Ritz-Galerkin %~


http://nalab.mind.meiji.ac.jp/~mk/ana2021/

3.1 Galerkinix  3.1.4 H 7 1 XAGERDEH

FER (6) 1Z. HBHN 1 XSFBERLFETHE L ERED, G€ Xy THEDD,
H3a(j=1,--,m) PEFELT

0=81+) 2
j=1
rERED, ThE (6) KRATZE

@+ ay, ) = (F,) + e, (i=1,2,--,m).

Jj=1
ERAS 925}
(7) +Zaj %7 f w')+[g2aw'] (I:1727’m)

D (7) BATHIE N2 PATEET S Y

( (W, 1) - (Ymy 1) ) ( a ) ( (f 1) + [g2, Y] — (81, 1) )
W tm) o Wmtm) )\ am (F, fm) + @2, ] — (&1, %om)
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A 1 KRG RERDEH

(8) Aa=Ff,
772 L
(WY1,01) -+ (Ym, Y1)
A= - (<¢j’¢i>)a
<7/}1,¢m> <wmawm>

(f,91) + [g2,¥1] — (&1, %¢1)
f.= : = ((f, i) + [g2. ¥i] — (&1, 9i)) -
(fa'd)m) + [g2a wm] - <§1,¢m>
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A 1 KRG RERDEH

(8) Aa=Ff,
772 L
(WY1,01) - (Ym,Y1)
A= - (<¢j’¢i>)a
<7/}1,¢m> <wmawm>

(f,91) + [g2,¥1] — (&1, %¢1)
f.= : = ((f, i) + [g2. ¥i] — (&1, 9i)) -
(fa'd)m) + [g2a wm] - <§1,¢m>

Fo g &1, (0} BEZBNIUE A FIEEE S0 u ZRHIRY FLTH S,
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A 1 KRG RERDEH

(8) Aa=Ff,
772 L
(WY1,01) - (Ym,Y1)
A= - (<d)j’¢i>)a
<7/}1,¢m> <7pmawm>

(f,91) + [g2,¥1] — (&1, %¢1)
f.= : = ((f, i) + [g2. ¥i] — (&1, 9i)) -
(fa'd)m) + [g2a wm] - <§1,¢m>

Fleo g, () PEABNAUT A, FIZEE 50 u ZRHINZ MLTH S,
= DE L RAER (8) DIREHONY S b, ROAET NIRRT 5,
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3.1 Galerkinix  3.1.5 H 1 XABERO—Z Al i@t

3.1 (Galerkin ED—E Al 1)
£0 T, {Y} E1XHWILE T2, 2O E AREMBRNHTH S, DRI
/mﬁaﬁ( ) G—EAfETH 3,

KP:‘

i

O Hi% htt JEFEEMAT RS 25 3 [ ~Ritz-Galerkin i~


http://nalab.mind.meiji.ac.jp/~mk/ana2021/

3.1 Galerkinix  3.1.5 H 1 XABERO—Z Al i@t

i 3.1 (Galerkin KD —E AT R M)

M #0 T, {Y} Z1IXM T3, 2O E AREENHTH S, ©®ZIC
HAL 1 XA (8) IZ—EAMETH 5,

18 FRERTH A IS LT, A DIEM L A OEHMEDSFACTE (<
(Vx € R™\ {0}) x T Ax > 0). RHCIEEHHFRTINZIERI TS 3,
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3.1 Galerkin 7% 3.1.5 3837 1 XA ER O —E Al i@

i 3.1 (Galerkin £ D —E A ERM)

M #0 T, {Y} Z1IXM T3, 2O E AREENHTH S, ©®ZIC
HAL 1 XA (8) IZ—EAMETH 5,

18 FRERTH A IS LT, A DIEM L A OEHMEDSFACTE (<
(Vx € R™\ {0}) x T Ax > 0). RHCIEEHHFRTINZIERI TS 3,

() % L SIS D, B L T3 7004k TH D, —H. [ £ 0 13
L ORI — O DI BETH B H b, b EARENTSH S, )

H H  #i8 htt JEFEEMAT RS 25 3 [ ~Ritz-Galerkin i~



http://nalab.mind.meiji.ac.jp/~mk/ana2021/

3.1 Galerkin 7% 3.1.5 3837 1 XA ER O —E Al i@

i 3.1 (Galerkin £ D —E A ERM)

M #0 T, {Y} Z1IXM T3, 2O E AREENHTH S, ©®ZIC
HAL 1 XA (8) IZ—EAMETH 5,

18 FRERTH A IS LT, A DIEM L A OEHMEDSFACTE (<
(Vx € R™\ {0}) x T Ax > 0). RHCIEEHHFRTINZIERI TS 3,

() % L SIS D, B L T3 7004k TH D, —H. [ £ 0 13
L ORI — O DI BETH B H b, b EARENTSH S, )

SERR A OXIFE (i, 9) = (g, i) B TH %,
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3.1 Galerkin 7% 3.1.5 3837 1 XA ER O —E Al i@

i 3.1 (Galerkin £ D —E A ERM)

M #0 T, {Y} Z1IXM T3, 2O E AREENHTH S, ©®ZIC
HAL 1 XA (8) IZ—EAMETH 5,

8 ERFBATH A LT, ADEE S ADBEGHENSTATE (&

(vx € R™\ {0}) xT Ax > 0). BHCIEMEFRTINIERTSH 2.,

({v;} % 1B ICH B DI, BIEE T340 RTH B, —H. T #1013
b L OREDRDO—BIDDICRETH 505, b HRREETH S, )

SR A ORI (0, 4) = (0, 90) BB TH 2, A DEMEEZRT, EED
b=(b- bm)" €R™\ {0} ITHLT

0= b
j=1

YHEL. g O 1XIMIMDS 0 £0 THD, Eik |0 >0 TH 3.
C-bLD [0 =0 BoIE. | OEE,S. 0 FEBEHTHEH, T £0 2. 0 1F
Db 1A (M OEEDA) TOIELL, =0 »EAh, FEIEL S, )

H H  #i8 htt JEFEEMAT RS 25 3 [ ~Ritz-Galerkin i~
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3.1 Galerkinix  3.1.5 H 1 XABERO—Z Al i@t

0< ”|V”|2 Z bﬂﬁj,z bivi) Z (Z@%, )b ) =b"Ab

ktéo ?}‘:EOVCALiIE'fﬁVC‘\@éo O

R 32 (25 b'a)
ZZT b iE MENZ PL b BHE L THRZHERT L TH B,

H H  #i8 htt S FR R AL § 3 [a] ~Ritz-Galerkin %~
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3.1 Galerkinix  3.1.5 H 1 XABERO—Z Al i@t

Wz AT

0< ol = Z bﬂﬁj,z bivi) Z (Z@%, ivb ) =b"Ab

Jj=1

ktéo ?}‘:EOVCALiIE'fﬁVC‘\@éo O

R 32 (25 b'a)

ZZThT E, HERZ ML b REELTHEKLZEERZ ML THB, BRI
bTalx. X7 FL a, beR™ ORI M 570,
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3.1 Galerkinix  3.1.5 H 1 XABERO—Z Al i@t

0< ”|V”|2 Z bﬂﬂj,z bivi) Z (Z@%, )b ) =b"Ab

ktéo ?}‘:EOVCALiIE'fﬁVC‘\%éo O

N 32 (RLE b'a)
ZZThT iF. MERZ L b ZERE L THKRAIMRYZ ML TH B, BRI
bTalx. XZ FL a, beR™ ONFEICMZ S0, TOXETIE, OLRNE
PEGT DT, 206 ZHMEICKXAT 37512, 52V Tw3, [

W C™icBWT, b*ald a, b ODNETH 3,
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3.1 Galerkinit  EHH — ZARIZRR I LWVEE TR WL

WRTHZ (AR SNV DEEENTRETH LTI, F—LRT3),

f & (W)

\
Find u € Xg s.t.
(AME 10) (u,vy = (f,v) + g2, v] (veX).
J
/-FI:ETEEE (W) \
Find & € X, s.t.
(718 5) (0,0) = (£,0) + g, 0] (v €X).
N\ J
-~ P (W) ~
Find 0 € X,, s.t.
(E?g 6) <ﬁ7wi> = (f7wi)+[g27wi] (’: 1,2,--- ’m)'
. J
(F546 8) Aa=f.
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32 Ritz i 3.2.1 i (V)

Z B DO HRITTE LR DEZ KD, ZhZTORME DL L THRA
LES. EWVWH DA Ritz ZTH 5, BAENCIIROMELZE Z 5,

RSRE (V)

Find 0 € X, s.t. 1[d] = min I[W].
WweXg
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32 Ritz % 3.2.1 5 (V)

ZMEOBERIGTE LR DR Z R, Fhz tORIEDTLE Y U THRA
L&, EWSDHRitz ZTH 3, BRI ROMEEZEZ %,

RSRE (V)

Find 0 € X, s.t. 1[d] = min I[W].

WEXg,

RIERERA L 72 (W) & (V) OFEME A, (W) & (V) RETH %, 2
D, 9EZTW5 Poisson SFEAROHFHEME (O X 5 Lttt H ) ME
TlX. Galerkin ¥ Ritz 5, ZHZHUC & 200LR%Z € % HA7 1 X5
FLCbDTHB, %I T. Ritz-Galerkin ZE N3,
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32 Ritz % 3.2.1 5 (V)

HRAZ (Y RHEEEAEOMCH T, L 0S FETEAF L)

1 Z 1
Ia] = §|\|§1|\|2 + ailg, i) + 5 > aiai(vi vy) — (F, 1)
i=1

ij=1
- Z ai(f7¢i) - [g27g1] - Z ai[g27¢i]
i=1 i=1

L%,

E -
g =0y B, —IC A= (a;) €R™, b= (b)) ER", cER,

83,—
f(x) = %(Ax,x)+(b,x)+c (xER") LFHLE, VF(x) = %(A+AT)x+b LB, FHT A

DR HIE VF(x) = Ax + b. 1 BRD (%ax2 + bx + c)/ = ax + b DL,
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32 Ritz % 3.2.1 5 (V)

Braz (X REIEHNEOIMCHT, LS HEHTAKLT)

1 Z 1
Ia] = §|\|§1|\|2 + ailg, i) + 5 > aiai(vi vy) — (F, 1)
i=1

ij=1
- Z ai(f7¢i) - [g27g1] - Z ai[g27¢i]
i=1 i=1

Yib, INhSRREOSMET

olli m
0= aLU] = A +Zaj ’l/)h f /(/)I) [gz,’(f),'] (l = ]_,27. .. ,m)_
i =

ZHUE. BB AA Galerkin IETHRL (7) LFRILTH %,

188 =0 WCHER, —fiZ A= (a;) e R™" b= (b)) €R", c €R,

Flx) = HAxm+4b@+m(xethﬁétg VF(x) = A{A+Aﬂx+bttéoﬁﬁA
ﬁ‘*ﬂ’fﬂi’%bi Vf(x) = Ax+b. 17 %5(0)( ax +bx+c) 7ax+b0)il?f\§;§o
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ROTALD VAWM x)+ (bx)+c)=LAT +A)x+b

WHRE T DIZZEIR E TN Z e DD 200D LARWA, ZDHZ DI
T, ZEBL2 REBOWM D 2o THDB I Z2E#D 2,

%(Ax,x) Z ajjxixj + Z bixi + ¢

I,_[].

= Z AkiXkXj + Z bixk + c.

k,Jl

\.h% Xi -’C{ﬁﬁl& ?689
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V(3(Ax,x) + (b,x)+c)=3(AT + A)x+ b

WRE T DFZHER TN 223D 208 LKW, FOHEIDNK
FAUE, 22 REEOWMD ERe-> TAD I EHD S,

1
E(Ax,x) Z ajjxixj + Z bix; + ¢
I,_[ 1
= Z aijkxj Z kak + c.
k,J 1
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3.3 AR/ HM

EH 3.3 (RAZ /DD )

Ritz—Galerkin fi 0 1% X,, O T (HZEKT) &d v ITHV, TS

I = ull = min [|# — u].
we g1

(FETIE. FHORNS, v 2 HFE X, ~OHE o ORERET 5, )
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3.3 AR

B FF 013 ubs X, CTALEEROR (E5) TH2 I ERT.
55913k

25 (X C X ITHEELT)
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3.3 AR

B FF 013 ubs X, CTALEEROR (E5) TH2 I ERT.
55913k
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3.3 AR

B FF 013 ubs X, CTALEEROR (E5) TH2 I ERT.
55913k

FEDO we X, LT, 0-weX WX, 0DOLIACd-—w 2RALT
(0 FERDOE) (00— u,0— W) =0.
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3 A R/ND R

SR 25013 ub Ry TS LAERORE (EHE) TH2 2 L ERT,
TNz

TEDO We X, WHLT. 6-weXWX, 0 O IAi—w ZRALT
(0 FERDOE) (00— u,0— W) =0.
WZICERITT ZDEHEDHEN
I —ull® = W — &+ — ul® = |% — & + |2 — ul?

DK D 3D,
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3 A R/ND R

SR 25013 ub Ry TS LAERORE (EHE) TH2 2 L ERT,
TNz

TEDO We X, WHLT. 6-weXWX, 0 O IAi—w ZRALT
(0 FERDOE) (00— u,0— W) =0.
WZICERITT ZDEHEDHEN
I —ull® = W — &+ — ul® = |% — & + |2 — ul?

DD LD, Thno

& = ull < [} —

2185, O]

O Hi% htt JEFEUE TR 3 [a] ~Ritz-Galerkin %~



http://nalab.mind.meiji.ac.jp/~mk/ana2021/

3.4 HHLEY Ritz-Galerkin 7%

KRB E R v &, {1} ZEHISEIRITUIER SRV, HHY7 Ritz-Galerkin
ETE. HEBRE LT, B R0 ZEMoMERROBEEREER 2 HHT 5,
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3.4 HHLEY Ritz-Galerkin 7%

FERICHER R L &, {) BEHIGEIRF IR S0, Y Ritz-Galerkin
HETIE. BEREEE LT, MOARROFEHOMIERROEE-B R 2 #HT 5,

B 3.4 (HEHr TR OB FYEEICN T % Ritz-Galerkin 1K)

ROEWDFHFER (1 XIT Poisson AIER ? ) OBAEREZE R X 5,

{—u”:f (0<x<1)

©) u(0) = u(1) = 0

ZZ°T fEBAKE (0,1) EERS BB TS 5,
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3.4 HHLEY Ritz-Galerkin 7%

FERICHER R L &, {) BEHIGEIRF IR S0, Y Ritz-Galerkin
HETIE. BEREEE LT, MOARROFEHOMIERROEE-B R 2 #HT 5,

B 3.4 (HEHr TR OB FYEEICN T % Ritz-Galerkin 1K)

ROEWDFHFER (1 XIT Poisson AIER ? ) OBAEREZE R X 5,

—u'=f (0<x<1)
©) { u(0)=u(l)=0
Z 2T f IR (0,1) REFRINI-BEABERTDH 5,
Q=(0,1), I =T={0,1}, T2 =0, &8 =0 TH %,
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3.4 HHLEY Ritz-Galerkin 7%

EIRICHEZ R & &, {¢i} ZEMSGEIRTIUITR SRV, HHLHYZ Ritz-Galerkin
ETIE, HEEREEE LT, Mo AEXo X EHROMIMERROEERB L 2T %,

Bl 3.4 (HEMo0 TR DG FYEREIZ NS % Ritz-Galerkin %)

ROEWDFHFER (1 XIT Poisson AIER ? ) OBAEREZE R X 5,

—u'=f (0<x<1)
©) { u(0) = u(1) = 0
ZZT f B (0,1) EERXNBHBEKTH 3,
Q= (0 1), F1 == {071}, rz :A @, g1A= 0 T@éo
5i=02T3DPHARTH S, X, = X :=Span{e1,--- ,¥m} L7435,

Pi(x) :==sin(jrx) (1 <j<m)

B Yi(0)=9j(1)=0F&bbE p=0o0nT; (1<j<m) THhH, 1 KM TH
% (IEA lﬁz‘%ﬁ%c AEFHT & %),
ie

Xg 1E. XD K S5 12RE 5,

m

(10) a(x) =Y aith(x)-

j=1
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B 3.4 (X[EIZBT % Ritz-Galerkin ¥ (L %))
=0 TH2050. [g,] LWVWIHIFFTET, 55FEZ
4,0y = (f,0) (v e X).
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B 3.4 (X[EIZBT % Ritz-Galerkin ¥ (L %))
=0 TH2305. g, ] EWVHIEHIIAFET, 5HERE

4,0y = (f,0) (v e X).
X T
8 1
(Wi, vi) = (¥j,97) = ij7r2/ cos(jmx) cos(imx)dx = 5ij7r26,-j
0
THHNH
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B 3.4 (X[EIZBT % Ritz-Galerkin ¥ (L %))
=0 TH23H75. g, ] £WVWIHINET, 55FRT
(G,0) = (f,0) (Ve X).

=T

! 1

(W, i) = (%), 97) = jjn® / cos(jmx) cos(imx)dx = - ij*j

0

THBHH
1
2 “ O
A= (W) = 5 ?

0  w
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B 3.4 (X[EIZBT % Ritz-Galerkin ¥ (L %))
=0 TH23H75. g, ] £WVWIHINET, 55FRT
(G,0) = (f,0) (Ve X).

=T

! 1

(W, i) = (%), 97) = jjn® / cos(jmx) cos(imx)dx = - ij*j

0

THBHH
1
2 “ O
A= (W) = 5 ?

0  w

CHEINATITH 2025, HTHIE—HT

1
1/4 0

O | 1/m?
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f5il 3.4 (XEIZB % Ritz-Galerkin 7% (Fi %))

1/4 O

(f,42)
a=A"f= % 1/9 (f, %)
O l/m2 (f,%m)
1
fi) = f in(imx)dx.
(f, i) /0 (x) sin(imx)dx
W2
11 =21 e sin(im)dx (1= 1,2
(11) o= % [ fOosinGimax (=12, ,m)

ROHDH S —EHNTEL,
(718 10) i(x) =Y asin(jmx).
j=1

(10), (11) TEE 2 i HRE (9) D Ritz-Galerkin f#TH 3,
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{5l 3.4 (XRI2BF % Ritz-Galerkin 7% ($t %))
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{5l 3.4 (XRI2BF % Ritz-Galerkin 7% ($t %))
P EZIRD RS T

@ Fourier fREUCENTOWIUR, (Ritz-Galerkin IJEZF1572 { T®) (10), (11) 2EL
DFFEHHETH S (o THLI),
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{5l 3.4 (XRI2BF % Ritz-Galerkin 7% ($t %))
P EZIRD RS T

@ Fourier fREUCENTOWIUR, (Ritz-Galerkin IJEZF1572 { T®) (10), (11) 2EL
DFFEHHETH S (o THLI),

@ ; I&. [FIX Dirichlet S %R L 7MW ElE — (%)2 OEGERTH 2, Ziu
SRIERZE" Th 2720, BN

i#ji = @in¢)=0

B DD, X HIT
i#j = (i) =0
DD LD, RBATIH] A BxHfTHI 72 - T, GHREDHHICR > Tw 2,
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3.4 HHLEY Ritz-Galerkin 7%

LUFIE 2 KIEA—S 3 v, BEBHE (AL L D),
il 3.5 (IEFTEHEBUC BT % Ritz-Galerkin 7%)

IEAEHER Q = (0,1) x (0,1) IZBWT. Poisson FFE —Au = f IZ[AXK Dirichlet 5%
A& R URBEFEREEZE 22 (M =T, g =07T»3), 2O E {Yi} LT

@ij(x,y) = sin(inx)sin(jmy) (1 <i,j<m)
ERAT2O0MERTH 2 (Z 2T meN), 33 Eofl e FHikic
(G,9) = (f,9) (Ve X :=Span{g;}).
ThHb, HROIDOEfFL LT

2
(e, 0ij) = %(kf + 4)okide; (1 <i,j, k, & < m)

2T

eBLle,
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{5l 3.5 (IE/TTEREIIC BT % Ritz-Galerkin %)

(@,05) = (Fpy) A<ij<m) eSS awlpues) = (Fpy) (1<ij<m)
k=1 ¢=1

& aji(pi, pi) = (f,05) (1<10,j < m)

4 ..
3= m(ﬂ%’) (I<ij<m).
Bz f =1 (EHBIR) TH 254,

[(=1)" + 1] [(=1y" +1]

ijm?

(f,05) = /01/01 sin(imx) sin(jmy)dxdy =

% (i, j DHICHR)
0 (ZhUL).

16 [ ] = . ..
2= FErpm A=LBET)
0 (ZHLUN).
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3.4 HHAY Ritz-Galerkin £

Z Z TP Ritz-Galerkin IJEOFHEZFNELTBZ 5,
Q@ HIEE%Y UCHEIBEMEEZMES =0, BRIV,
@ Neumann 55 DU DAL,
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3.4 HHAY Ritz-Galerkin £

Z Z TP Ritz-Galerkin IJEOFHEZFNELTBZ 5,
Q@ HIEE%Y UCHEIBEMEEZMES =0, BRIV,
@ Neumann 55 DU DAL,

L RIZERBERIEDO T F A b (G [1]) KBV TH 722 THZD, XD

CEHEOEMLTEZ W0,

@ HEHATEZMEICHLT, PRVFH (Zh Z2F5EHE) T BALEHE
RIREGD Z e kRS,
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3.4 LY Ritz-Galerkin £

Z Z TP Ritz-Galerkin IEORMEZFNZE L TB Z 9,
Q@ HIEE%Y UCHEIBEMEEZMES =0, BRIV,
@ Neumann 55 DU DAL,

L RIZERBERIEDO T F A b (G [1]) KBV TH 722 THZD, XD

CEHEOEMLTEZ W0,

@ HEHATEZMEICHLT, PRVFH (Zh Z2F5EHE) T BALEHE
RIREGD Z e kRS,

S 2 (Mo [ (1)

3o ¥ LT, D EIDiRDE, K E DML EDEDNNEE [5] O OFIRE (FEoiRE)
DEFERE) ZBUERIE T 2 Z e 2HEMEDT - LTHERZ LN T, 2 &
BolZBdb, ZDL ZDitkk.

NEBEoOEHMEME]  (1992/11)
ZAKE S XVEE, E9EEHoT, 2V ¥ a—&X—CRINIHER? » RELEHE >
Y A3 E o720, HEYZE Ritz-Galerkin EI1XEFH T, £ L TZN%E Mathematica (Z#E
Y- W0WIEh, TorRICRo T, 20D 2 Xuthl (RO EHERE) 2BbH 2 ik -
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3.5 # L\ Ritz-Galerkin £ L TOHREZEG:

£ IR RED SHRERIEDFHICEANT %,
BIREREIZ. XD X 5 2R % FD Ritz-Galerkin 15 TH %,
o fHIZ%E
120t 0¥E XKHE
2 0t DE =ZAE, MAak
3XTTOYE =M, U

R OHRLNE — BRER (finite element) X MR — IZ5EIF %:

1>
S

SRR

APPSR
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3.5 # L\ Ritz-Galerkin £ L TOHREZEG:

o ERIRXHILIER (Q T, SARESR L TLERICHE LV 0) 2 EEMK
AT %,

7Rl ROR1D LS, Bhbe, T, HABPBO=AFKOLLIIHZ ZLid
Jﬁ_b‘é LI 5, B=MAFe (AR) ZRL L5

/B NPT

X 1: ERD, T5H, HAPMMOBERZDOALIIH S, RATDIEX X

(ARZEZ 2w &=k, ST HBRERE LT, 250 5aLBEEE V32 %T
BRB5E0D5, ZTOHDXANIOVWTERTNEDD, )
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Lo ThA LD DFRE

aa (xkx) = axk xj+xkaxxjf5,-kxj+x;<5,-j THE»H
d (1
% E(AX7 X) (b X +c) = Z akja kaj) + Zbk

k.j=1

5 Z Z ay; (dixj + xdij) + Z bdi +0

k=1 j=1

(ZXJZ«% lk+ZXkZakj u> + bi
Jj=1 =
(Za,,)g+Zak,Xk> + bi

(Axo)ﬁé:;ﬂz LA X O i )+b®%i;ﬂ‘zéj‘

N =

=Z(A+AT)x + b D i B

r\)\r—ll\J\n—\ I\J\»—\

v (%(Ax,x) + (b, x) + c> = %(A-i—AT)x—i— b.
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