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1 AYEa1a—49—-YZa2L—YaryvoEHE

I FXF LWL, BUAc o R0 cREI NS 2 ik, TTICZORIETY,
IS BTRZED TH D, & TAD, Mooz BAARMIZRD 2 2 LiX, HICHTRET
HDEEFRS R, e ZIXE 4 TREOHEBIOEM ) IcBWT, KEORY 2 hA5H
DFEANHE > CEBT 2 DO DREDPEZ KD 5 2 L IFTELD, O EOKE % FIKRC
ERE LG aicid, FAROFETHRZ RO SN n 2 EDREHINT» S (ZARREO A TTHE
M), 2O MgzRD2 I ENTERV] LWIH)DIF, BBFELZVEV) T LETH, L
THEDNEHDF > T 3B DR B AT TH 27D @ T v, LWwIEKRTH &<,
BAHISNTO 22> TRZ2RIHT 2080w, tvw) Il LTHh2,

C DB FEEICGNMN T RBICEEE D T2 2 Lk, —2 i3 iAo e LT, i
WHTL OB ZERTL I ETHo7, TOENDORHR, —MICFRARBIS E JiIdn 5% DY
BOEAIND I LERD, ICHEFOFT—EDMEZ HO TS,

b —DODHANE, BBEIET 20 E )0, PHEELZE L TZEND—F (71— R
2)EI D, IHITEERED X ) REWENLEWEZR >, 2T 52 ETHs, ZD%
HiF, BIEETH AR T O N T TEELRMGNEXH TN T Vw5,

L La23s, Mo iR oRoEWmN 2 E R 72721 ¢, ERNRERS U155
NBOCDOTIE, METELWVIEVLVDL, EEPTH S, I oI TERZ R0
T, FROWEZMBDUZ IR LTI R\, 200, L2 LEMBER T RINS
Ellhot, ZOHICIIBUERRIED H o703, AN TOEMEFHRTTEL I LITIEEDT LR
HndH -7,

aAvEa—F—OMBIC X ), REEZEIEGHESRBIC R >7- 2 LT, 2DH ) DHE
WBRELSEDLZZ LIS, AVE2A—F— Y al—Yarvick->T, EEDEHITK
WIZRYD, EENGERZ AT TEL LIS ko7, ZNEIFICEEEs T, BELka v
Pa—¥F—->3al—arilkoT, 2N LTl ) #irorz, NEDOEMEN R EE
WDHSENZI2 5 Z b %\, BIFEDOIHEEICES>T, avEa—F—->Ial—yaviz
DHEARA R D EoT01 D,

ZDFETIE, My AR FRRs RO REN L BERE TH 2 EREICOWTES
ZEIZT B, EaoikElk

1. #ZE Z TR 332 KT CRY> T, TR ETOMZRD 2 2 &2 HERCT 5,

2. W IR B BT R I 2 2T R CIE S A T (B TR 2 %) A2 ik
Z1E%,

E ) TR CEEBI R (R AR EIEN S — #&id) 2EE, 2Nz BUAEFHR OB
b D (EpMREIENG) 2, JLOMEDERIEE L THRHT 2, &) DBEANLE Z
SiTH Y Mo TR, ZMEDPBUEEDOILFE L L T, IBHBAIRLO S DTH
52 EIFBARTH B, ATEASICOZ OBHOERS | HELICHBFEOTETH 5, K
Wy B T RADOBOIAE, — Bk, BOEIERIEE O 2 ERICL T 380030 7% < 7%
WIZEBHERELTEI ),

VB, DSBS, BOERFHREDOHE 4 EOZ &,
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2 EER

ZITIE, BOFEmICHIEICE S, WD DOEEPAZENTE ),
BIEL f D 2 ICB T B0 RE f/(v) DES

h—0 h
FRIUS, B DS O EE, f(z) OEPMEE L CHIEES T

o (EDENE
ZERHAT S I ERESRICAWD L, THUE f(x) 1T ZRDEEMER L TFiENns, 22T
& f D Taylor BfZH\WT, 6ICtax iz ETAHR K9,

[ Rz DT erET 5L,

(3) fx+h)=f(x)+ f(x)h+ @lﬂ n f”;x) . f<4;'(x) .

B ONLD, h % —h CEIMZ 3L,

f"(x) f" () fO(x)
2 h 3! W+ 4! ht

(4) f@—h) = fx) = f'(x)h+

5) piay = DI o) o)

DEPNDL, THhDLANERZMEPOIREL O(h) TH B Ld¥bh s, T I THNLL Oh)
VbW 5 Landau DFLTTH 5 (flike (1) (p. 16) THHL TH 5), —J7 (4) 613

) fa) = DTN o) o)

oG, TOHADE 1 HEZRBERE LTS, f/(2) ITNT 2BBEMEBORAZIZP
Zh O(h) TH 2%,

RIZ (3) 225 (4) ZHWTHEMHT 2 L
oy J@+h)— flz—h)
7) f'(z) = o
»FoNns :@Eiﬂ%nﬂ% 1 BERDEDTE LWL, f/(2) INT 2 1 BEFRIDEMEUDONE
FEiX 0( ) S, BRIl BRI K D SR DREED G C E3bDr 5,
2(3) L (4) AL MATERT L E, R%2G5:

CORIFE1EE 2 BRIDEDE L L5,

—~

+ O(h?) (h—0)

ﬁﬂl

+O0(h*)  (h—0).

—~

M Loz EBEICEEHE X, Landau OFL5OERICHN 2 EH C 1389 BT L v ?



1: PHSEI [0,1] x [0,00) ZHFTHHEIT 5

i fﬁnx®ﬁ%@cﬂm&gw\ynﬂx+m_2ﬂ@+f@_h):f@»@%%:a%

- —0 h2
A X

R HGET o(+) & “littel-o notation” &\, ZREXNHIE LG O() DITlE “Big-O
notation” &9 5 L3, HFET, REWV, NSV 2RIPEARBLLSADITNE, £
29 OPFHARNITIZZD DT v,

3 BABRADBRNEDZEICKSHEE

Z 2T W6 BT S0 2 BMEE R (BT REA) o4 fE s S R E

9) %(m): %(x,t} (t>0,0<z<1)
(10) w(0,t) =u(l,6) =0 (t>0)
(11) u(2,0) = f(z) (0Sz<1)

mHEZD,
FEEETIE, R u = u(x,t) DEFIE[0,1] x [0,+00) ZK 1 D& I BETFICUD, HBF
B (zi,t,) ICBT 2 u Ol

(12) w = u(, ty)

DEPUE U %2k % 2 L2 HEICT %,
R DX [0,1] 2 N Fo LT, oz x (i=0,---,N) EL &), ThHDE,
I (stepsize) Z h=1/N & LT,

(13) zi=ih (i=0,1,--,N).
EBEL, RICKHIZE ¢ 1B 24A06 7 (> 0) 2 1 2ED T,
(14) th=n1t (n=0,1,2,--+)

I S



2
B2 (ot 180T, 20 2 iR, a— % o BELAEERT B b

TZ+1_ n
(15) ng(xz,t ):%H}(ﬂ (7 — +0),
& u Py — 2uf + uf
(16) GQQMQZHM-;? YL L Oh2) (b = +0)

L%, u FBVEEGER (9) 2T DT, b & T BTN I0EE,

(17) U;H_l B U? . l+1 2u + u’L 1
T o h?
YA A
ZzZ7T

T h?

EwI)HBEREEZ, CoHBRROMB (U} 2. {u?} OELHE (b & DEVTFE DO W fESE
FUERTEOEER) IR T2 2 LT 5,

ZDXH) %, RABONET 5 AT, Zarat itz ESABRR L Vw2, FE
DI DME Ur %2R E N,

2R = N HBRRXOM = {ur} OELME = b & DA DT PIF
CZTHF n 13 0 DL EOMEOBELUH L TR H 205, i I22WTE Uy, Ul 238

N27Di=0NIZHLT(8) #FZSILIFTEY, 1SiSN-1EHDZEICERL
k9, R ->T A A=7/R? LB L

(19) Urtt — Ul = \Up, =207 + Uy).

BIHL C

(20) Uttt =1 =200+ XU+ U,) (1Si<SN-1;n=0,1,--+)
&5,

—JTEIRSAE (10) 1SR LT

(21) Ur=ut=0 (n=1,2--),
WIS (11) X LT

(22) U= f(z;)) (0Si<N)

EZHDIFEHRTH A,

2 T80y BT ? v BN REERTICR L T, 37'5/\/&@&3‘%0) IAEREEEL W, JARHIC K D E TEH O
D —HOBMHEITTIG L CTREEBD L 2EDFE, EDZ EED, BlZIEF, =F,_ 1+ F,_5 ®X 9 7% Fibonacci
YaEEET S Wb, b2 HEREFEIN S,



Plbzf &5 b BMaETRADWIHEE FHERE (9), (10), (11) ISR LT, RAES
{U0<i < N,n >0} B9 2 E0R

(23) Uttt =1 =200+ AU +U,) (1Si<N-1;n=0,1,--")
(24) Up=Un=0 (n=1,2,---)

(25) U = f(z:) (0Si<N)

Do,

ZOHBROMB (UM i< NnZ20} IFRDEHIICLCEIHET LI LR TE S,
L HBOET-n 280 O {UM0<i <N} IZDWTIE, (25) Ik hiizRked %,
2.n=0,1,--- DIICRDOFMET {U;0<i < N} 2R 35,

(a) 1<i SN —1IZ2wT UM % (23) TR 3,

(b) i =0, N IZ2WTIE (24) Ik b Ut = UL = 0.

ZDOJFEIIERE Euler iJEE XN S, H D0k, ZoARX2 UM Lot R (2
NZRKDH7-DICHBERZ M DBEDR V) IZh>TWwE 2 EZHIHICH LT, BEEE
IERNEDELTRI LS\,

4 BWUERERH

Hfffi CE WG RRICE D W T, ERICa vy B2 —F — TR L TALMEZHMNL & I,

(1) BRHFAR & D LB

s TR OREIC N LT, ZaiETRko7allifiE, I45bbENiRAoMo L zE
FEL LU, ZUIKN L TLOmMa ARRXOMBD 2 L 2 BER L L5, WERIE. 2z g
FriicRom Lz (AR L) SEBIrERE b Xidns,

C ZCRHESISERTE (9)-(11) DR u DRHISK F 25610 D VT, Z DfETfiE
EEDREZHNTH LK), VIO f 2 f(z) = fo(x) =sinmz £ 5L, uld

(26) u(z,t) = e ™ tsinma

E%, SO LI, BOETHRARK
oo 1

(27) u(z,t) = Z bee T sinkrx, by = 2/ f(z)sinkrz de (k=1,2,---)
k=1 0

HORB b, ZRH LT =1, b, =0(k=2,3,---) LR3I EZRLTHIL, (26)
TEFRIND u 2 (9), (10), (11) Wi 9§25 2 L2 EBERAL THEIOTH L\, £ 1 1
(z,t) = (1/2,0.1) IZB %1l u(1/2,0.1) = exp(—0.172) sin(7/2) = 0.372707838 - - - X T %
FPHEZ R TAHRZSDTH L, Inzhls e, BREN N one &b IEd L froTw
2DWEL DD, K2 1320 ZWHNE T 7 7R L72bDTH S (N T 7 Dt
HiZowTE, #idD 2) ILFEOTEWE), 777 ORI N C, Mo H 2% &
T, ZDTT7T706, REE N2 ICHHIL Cnw LR TE S,
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N | u(1/2,0.1) OELME | AHRERZE (%)
10 0.36654433 1.653709
20 0.37118820 0.407728
40 0.37232923 0.101583
80 0.37261327 0.025374
160 0.37268420 0.006342
320 0.37270193 0.001585
640 0.37270636 0.000396

# 1 (x,t) = (1/2,0.1) TEOZAL (A =1/2).

2: (z,t) = (1/2,0.1) TOHXNBEAEDE (A =1/2).

(2) BROIELEE
KLt %2 t — 400 & LA D u(-,t) DIRZ DI L2, ROBHEEEN L L5,

<F 1YY L (Dirichlet) HERFHDIHE >
IS G RIRE (9)-(11) DRDO R

% 1
(28) u(z,t) = Z bee ¥ ™ sin kra, by = 2/ flz)sinkrz de (k=1,2,---)
k=1 0

MH, t—o00 &ETBE, wlTEREIE O IR T 22 L35

(29) lim u(z,t)=0 (0=x<1).

t—o0

(X (29) DEE LRI, #iIE 3) ICF & TEWV, )
DI Lz, S OBE f 23
x (0 < %)

1

ThIEE (77 713K 3) 1T, 20T (9)-(11) 2R T, #ED»OTHAEI, N =50, \=1/2
ELTIROIERZHICZD0DRK 4 ~7T TH S, ZNFNDKIZ, —DODMEE I L7z n DIE

[IA

(30) file) =

A
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heat equation, Dirichlet B.C.
theta=0, N=50, lambda=0.5

heat equation, Dirichlet B.C.

theta=0, N=50, lambda=0.5
t=10.01

heat equation, Dirichlet B.C.
theta=0, N=50, lambda=0.5
t=0.02

3: IS f = £

X 4: t = 0.01

X 5: ¢t =0.02

heat equation, Dirichlet B.C. heat equation, Dirichlet B.C. heat equation, Dirichlet B.C.
theta=0, N=50, lambda=0.5 theta=0, N=50, lambda=0.5 theta=0, N=50, lambda=0.5
t=0.03 t=0.04 Tmax = 0.3, interval = 0.01
X 6: t = 0.03 X 7: ¢t =0.04 X 8 T4V 7 VEMNE t =

0~ 0.3, At = 0.01

T2 {U0<Si SNy Ofizd eicLTiirniTns, bbb, t=nr =0.01, 0.02,
0.03,0.04 £ L7 ZD 2 DBIB u(a,t) DT T 7ICHIBTHHDTH S, 77 7 DEHilid L
B, MREEZ L L TR I EE2EZ D L, BRI ONT, HEDEWLE Z A0 5K
WEZANBDHN T DD 5, K8 IZt=026t=03 £7T0.01 ZADKZIZ
BII57572F L0 THWTALLLDTH S, FEDEDICONT, REDY 0 12 fhnwT
WL DD 5,

</A4YY (Neumann) REFRFHDIES >
CCTRESREEZRAXRT 4V 7 VERSEM (10) 26, FXR/ A < v EHRSM

(31) U (0,8) = up(1,8) =0 (¢ > 0)
ICEZTWMEZEZ L) B 6 FEEFARDFRICLD,

1
(32)  wu(z,t)=—ao+ > are ¥ tcoskrr, ap = 2/ f(z)coskmx de (k=0,1,---)

0
ZESIENTED, 2ORADPS, t—o00 ETDE, uldd2EBBIBICPERT 2 2 &8
D D:

(33) nmw%w:% 0<z<1).



heat equation, Neumann B.C. heat equation, Neumann B.C. heat equation, Neumann B.C.
theta=0, N=50, lambda=0.5 thet(;ag?, N=50, lambda=0.5 theta=0, N=50, lambda=0.5
t=0. t=0.02

Nl T

X 9:t=0 X 10: t = 0.01 X 11: ¢t = 0.02
heat equation, Neumann B.C. heat equation, Neumann B.C. heat equation, Neumann B.C.
theta=0, N=50, lambda=0.5 theta=0, N=50, lambda=0.5 theta=0, N=50, lambda=0.5
t=0.03 t=0.04 Tmax = 0.2, interval = 0.01

/\/—\

X 12: t = 0.04 X 13: t = 0.05 X 14: t =0~ 0.2

B 9~13 TlE, #HISEEE 1 OF F T, BERASKMEZERX ) A < VERSEMAIC L 72REz
N =50, A =1/2 DAENETHROCIGEDOHERR LR L7 bDTH 5, MEPICKHIFEDIC
DNTu(,t) FEBBIBICIHR L T RT3 %, S HICZEDEICDOVWTHFXRTA L
Jo f=hHINLT,

1
(34) “_ / fila) de =30 757 & o WO =IO = |
0

Th DD, BUEROMEIZFERE 2 DX H 2> ToT, TR L ARRIC 1/4 = 0.25 ~NR L T
CRRICARZ %, (FTEPRTRZ O T, KEDOEEITOMEDOAZRLTH S, )

(3) BMEEAERNDOTBLER. ¢ — co DIRDFHAR

iz fafalds, TEUIIREDOEWE 25000 E ZAAFND | DT, BEOEWE Z A%
B, MEOERWEZAIZES S, 2EZ2RTERTHED, KDL TSI EIC
L&,

WMoTREM & 7 — ) TERORE

56 HCBH f o7 —V K

+ Z (ay cos kmx + by sin k),
k=1

%
2



t

0

0.1

0.2

0.3

0.4

0.5

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40

0.000000
0.221849
0.246121
0.249466
0.249926
0.249990
0.249999
0.250000
0.250000

0.100000
0.227225
0.246862
0.249568
0.249940
0.249992
0.249999
0.250000
0.250000

0.200000
0.241301
0.248801
0.249835
0.249977
0.249997
0.250000
0.250000
0.250000

0.300000
0.258699
0.251199
0.250165
0.250023
0.250003
0.250000
0.250000
0.250000

0.400000
0.272775
0.253138
0.250432
0.250060
0.250008
0.250001
0.250000
0.250000

0.500000
0.278151
0.253879
0.250534
0.250074
0.250010
0.250001
0.250000
0.250000

% 2 EBEHMBANDOICR (2 4 < v BIREM, 0 =0, N =40, A = 0.5)

DIRIZIZ, [ DS S (Morrlfetk) 23BR 2 2 LIcE ML 7, IS f 238 o074k
Z2E. 7=V R a, b, DHEME |ar], [be] 1& k DEMT 2 ICONTEDHEET L 2 &
DbhpoTn3, & 21X, BEENICIZRD L) HHE1D 5.

(35) 03 CF B (0 ERERIOT FIRE) = ar b =o(k™Y) (K — +00).
e, LS, fO7 =) BB LVECEET 24 61F, fld XD EeoT e

Hzdbo (=L DLVREEMITES) 2LbbhoTn5s, FEEE

S K (lal +|bel) <00 = f1EC' R

k=1

(36)

2T, A 15 DEI A, ESADRDH DS 7 2 OB f, OBEICIRE
BRETHAID?2ZDEEIF. Lo TWEET f IO TERVLDT, k— 400 DE X
D |ag|, |bx| DIWHEIZD > D TH B3, D f=f ZPHEL L72E ZD (9)-(11) DfiFzEHE
ZE9, oORK (27) BB L, Bk EFICIE, REICBIR T 2T exp (—k2n2t) 230225 T
WT, ZHNEt>0DEE, kDN ONZABITNS s, fE>T, PSS f=Ff D
RO ATREE L 22> T TH AL THIRFMDFEE T 2 L | u O neeEz
O (TR THEIC 2 %) 2 L3 EDN D,

EBRIC f = fo 2O T—% L L7 Z Z5ETHROZREEDK 15 ~20 TH5E, i
X3 E, TTIZE=0.001 &) FOLEBETHNHEBEL T3 I ERbh b,

M DHER

S5 ICHREREE T 2 120, MIMDBL\WE ZAIFESHICE L THBL, 77 705
WHRIBIGEDC ZEBRTENS, MM L » (ZU23R2) R 22D HDIE, RELE
T EICNT B sinkrr DHPKEZEZEEZ 5D T0E06THS EHMTES, L2L k2
KREWIFE, KEICBRT 2T exp (—k*n2t) 13, ¢t DN O TR NSRS, 2D
72D, MMOZEE L VWE ZAIFZERCHEET S, LEZ6N5,

AR

SRS, an, b = 0(1) (k= 00) TH B > k(lak| + [bk]) = 00 TH 2.
k=1

10



KA 2T ICBWT, t BIEFICRES RS E. k=23, - QHIZ, k=1 I1THNIGT 2H
by exp(—7?t) sinmx ICHRN T TE LI ENIKBEILEBDY D, Thbb t BREVE
ZAHTIE,

(37) w(z,t) = be ™ tsinra.

T T T 7TV E, BT A v e A =T DORFESIE DL T EEERT S, FEEE. X 20
TlEZIH) %> Tn5,

heat equation, Dirichlet B.C. heat equation, Dirichlet B.C. heat equation, Dirichlet B.C.
theta=0,N=100, lambda=0.25 theta=0, N=100, lambda=0.25 theta=0, N=100, lambda=0.25
t=0.001 t=0.002
15:t=0 16: t = 0.001 17: t =0.002
heat equation, Dirichlet B.C. heat equation, Dirichlet B.C. heat equation, Dirichlet B.C.
the%a(:)g,SNﬂOO, lambda=0.25 thet(%ghN:mO' lambda=0.25 theta=0, N=100, lambda=0.25
t=0. t=0.

Tmax =|.2, interval = 0.01

18: t = 0.003 19: t = 0.004 200 t =0 ~ 0.2,At =
0.01

5 EBEE
(1) BEMH

HIEC/n L 72 GHRARS R FAMNCHET L 72 1IG8E 2 wd, ootk s o Tth-
oo 2B, IELTPBOEALDHLIELERTARAL T,

HIffiCld, WINOFIEBS N =7/ 2 1/2H50IEN=1/4 ELTGHHELZDTH %
23, A=051 & LT, f=fi DEEOYNHESEFERTE (9)-(11) Z @72 D3 21~24 TH
%5, 9 & LT3 ERE T A OWIESE FUARTE BRI A~7 ERLC S DD 72h3,
FHEREREIMUTORO2 R WEBRLDICR > TwE, 20X hEREZFEERR L L35,

CHUTH LT, EOMRORE S WIIHE, FEFECTE £ 28 (N ICHIKFLaw) THZS
NDEE, APAF—LIERETHS, L\,

11



FI3E 3 ficH W EZ HRERXDMD, REIWCHATE 27000 B+ 05k, N D
0<AS 12247 TIETHSE, EWVI)IEPDOP->T0S, EE 0<IS1/20L &

(33) U7 < max [f@)] (0ZiSNim=0.1--)
ze|0,

DL Y LD (i (5) BB 3 ),
IolT, TOFEMFE0< NS 12 973N 2551, ERICHEEL7ZZIEB T 12 LT
(39) lim max |u(x;,t,) — U =0

N—oo O0SisSN
0Sn<T/T

DD IO L, ThbOLEDBOBEBADIR HIIHTE 2 (Z1U2WTH, HliE (5)
EHL 2 22, FFE0<i<N,0<n<T/7 13, (25,t,) ¥ [0,1] x [0,T] ICEENDL L%
%ﬁ%?%o

heat equation, Dirichlet B.C. heat equation, Dirichlet B.C. heat equation, Dirichlet B.C.
theta=0, N=50, lambda=0.51 theta=0, N=50, lambda=0.51 theta=0, N=50, lambda=0.51

t = 0.009996 t=0.019992 t = 0.029988

21: t = 0.009996 22: t = 0.019992 23: t = 0.029988

heat equation, Dirichlet B.C.
theta=0, N=50, lambda=0.51
t =0.039984

I I

ST T

24: t = 0.039984

(2) #i1B Euler /&

I ClE, 5 3 MM N HRAORELIEOLBHITE 0 < A < 1/2 BHIUETH
THH BRI, CORMEMEIL LD LT 5 L, FERAAE ¢ (=TT 3 S
B ROBbTHE, CHEBNT 200, BEATEEEALTEII,

%3%?M\%%K%?%ﬁﬁﬁﬁ%%%%ﬁﬁﬁﬁwbkﬁ\:m%%ﬁ%ﬁﬁwmﬁ
SRATHON
Up—UpTt _ Up, 208+ U,

(40) T h?

12



Z2EZL), FEonz—oFo6TE (n—1%2n tHFZET L), 0L

e o R i
T N h?

tss, BELT, “HHOBTDR n THHHDE n+1 THHLDLEZITHET S &

(41) (1<i<N-—1,n2>0)

(42) (L4 20U =AU+ U) =0 1<iSN-1,n2>0)

D& ) ENTTIRAPIE S NS, TOESTRCH LD TESRE ED 5 171:% iR Euler
‘XS,

(42) 1355 3 fiD i (23) LI3RA D, EAEHRFR n+1 OHPERD 5 2 LITHER
£, (23) 1F, BEAUOMEZEIEL T, 202 /IcRAT 2 v ) FIET, #50 Ut!
(i=1,2,---,N —1) DIMERRKE o7, (42) 2@ IZiE, T RXTD i (1<i<N—-1) KD
WTONBEAZELOTERA L, @ 1 RIGBAZELEDRD S, T E2KHT 57k
O, (23) %8B (M) AKX, (42) = B @) 2K & L5,

FIENEDFENIZRIAR T 503, RIBESITUANCRIE & R U MEZ, 213D A= 0.51 icxt
L TIRW7= DD 25~28 TH b, NEEBIRVPEI > TRV Obr s, FiZIDrK
(42) TIiE, A (> 0) DEZMIZLTH, KETH S I EBbhr>Tw5b, FHEE K29 ~32 T
ZFICRIEZ A\ =5 TRV TH B0, oK AREHRHRIIL > Tk,

heat equation, Dirichlet B.C. heat equation, Dirichlet B.C. heat equation, Dirichlet B.C.
theta=1, N=50, lambda=0.51 theta=1, N=50, lambda=0.51 theta=1, N=50, lambda=0.51

t = 0.009996 t=0.019992 t=0.029988

25: t = 0.009996 26: t = 0.019992 27 t = 0.029988

heat equation, Dirichlet B.C.
theta=1, N=50, lambda=0.51
t = 0.039984

28: t =0.039984
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heat equation, Dirichlet B.C. heat equation, Dirichlet B.C. heat equation, Dirichlet B.C.
theta=1, N=50, lambda=5 theta=1, N=50, lambda=5 theta=1, N=50, lambda=5
t=0.01 t=0.02 t=0.03

29: t =0.01 30: ¢ =0.02 31: t =0.03

heat equation, Dirichlet B.C.
theta=1, N=50, lambda=5
t=0.04

X 32: t =0.04

(3) 0 &, 22>0-=IJViE
T 2 TIRBRIBAEMERUCHED K ER T RADMORD T2 FIAT 203, o0 ZhrodL
—ALL T, (41) DO YT, (18) & (41) ZVwbiE 1 —0: 0 DEATEHLROGDY AN

Ut = Up g g U =207 Uy U = 207 4 01

T h? h?

EZEXI), TITOHERNTIRA=——T 02601 B3I ER DETS, ZOR
ik, 0=0&,72L(18) 12, d=1L,F2LX (41) e, Z2NZFN—HT 25, TNEFTLH
BElo, BIEIC k> T, EHIEES n+1 O, A Z0UNOELEH 2 L H 1T
5 &

(43)

(44) (L4200 =N (U + UPE) = {1 =201 = 0N U + (1 = )X (U, + Ul'y)
(1<i<N-1,n>0)

E%%, 2HUE (U0 < i SNYDBHChDoT03 & L) N+ 1 HoAAE {Ur0 <
i SNYICBT 2 N -1 floAflths, BEREHLD

(45) Ugtt = Ut =0

14



THZD6, 2MHORMB U, UV ZHET LI EBTETC, RDOLH % N -1 HOAKH
BAUME1<i SN -1} BT 2% N -1 o 1 RABRKXZ2E%,

1+20N —6A 0 Ut

—OX 1420\ —6) Uyt

(46) —OX 1+20\ —0X urtt
—ON 1+20)  —0A Ut

O Un+1

—OX 1420 N-1

{1-20—-0N U + (1-0OANUF+US)
{1-20-0)AU7 + (1 -0AUT +Ug)

= {1-20-0)X}U" + (A-6)NU, +U",)

{1-20-0MUF 5, + (1-0O)AUR 5+ Ux_y)
{1-20-0MUF, + (1-0)AUx_,+UR)

COHBRBBRBT 2HIADERER EDFTEIZE > THEL ZENTE S,
CORARZM BTz 0 ELE L85, Fico=1/2 0) %613 Crank-Nicolson (7 2>7-
ZAVY) AR E kT, kL flibis OV — Y IFELEIYER S Crank-Nicolson [2]).

6 BMEEHFEALANDME

CZETIMEE RO A S TELD, ZNEDORMZ DS DIE, K IAWHIPHDREIC
WHTEAZLIFHODLTH A ), BMEFEAZBL 72D 6 ETHARL 77—V ZOE
BOTHEDITEITH I TH 503, HLRGHOEDFEMHIRLT S L) tiF“ﬁ%a\ ThbLEIEERXD
RIEIC L2 CE vy, 2D %I:J)’Z’I‘iﬁlei I, AL 2 K THOHD ) TTED R W Th %%
W, BB OERE IIARENTH B, 72 & ZIX
ou 0%u
ot = g

(47) u.(,0) = -1, w(t,1)=0 (t>0)
u(0,z) = f(z) (0Zx<1)

—(z,t) + ku(z,t)(1 —u(z,t)) (t>0,0<z<1)

D &) BIYBOREE 7 — ) TOTFETHC 2 EIIAARETH 203, AEZAWT, &1
B2 TR 2 813 S LTREETIE R, 728 21T,

ot -ur Ui, =208 + Ui,
(48) - = (1-10) 2
Ui 207 v o n n
+ = 5 R
D &9 B TERE L L v, BRI EAOEICEa Yy Ea—Y— 23 a

L= a VORLETREDKREL 2 BUTH 5,
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7T R
(1) % (Landau) DS O(-), o(-) IK2WT

ZDFEDOPTHED, Oh) (h—0) £ o(n*) (n — 00) D& ) %HiEE MWL, T4
v DEE EMEEN, KL TWAED, RDTDITHEIHLTEBI I,

KER OG) TARZVIEDER C ZH5 L, a lIZHTEVERD 2 1T LT
(49) |f(2)] = Clg(a)]

DD IDOEEL T E RS

(50) flx) =0(g(x)) (z—a)

TELY, allBWT f2 g THEZ6NS, v,

INETR o) S

T

) I 7 =0
DA RYAS NP -1 e~

(52) f(x) =o(9(z)) (z— )

TERT,

Bl f D a lTBWTHITHRET, MR A TH 5 LI,
fla+h) = f(a)
h

(53) A = lim

h—0
DD NDZ ETH DD, ZDEMEIR
(54) fla+h) — f(a) — Ah = o(h) (h—0)
DEHITHEET I EVBHRS, FHBEK fF B CFRTHEEE, 74 7—DEMDIS

f"(a) R2 4 ...+ f¥D(a) RF1 4 f®)(a +6n) X

(55) fla+h) = fla) + fa)h +—; k—1)! !

E%%0(0<0<1)DEETDLIERINDED, ZOX»6ELND

KOOI L)

= (k_D!MA+IXW)(h%O)

(56) fla+h) = fla)+ f'(a)h +

FLIXFLIXEDNS,

D% foEREETSLEE, WHATHCL, 3C>0)(3e>0) (VzeD:|z—al<e)|f(z)] < Clg(z)|
SEERE: HFEIE L WElE TH B0, ARME f(x) € O(g(x)) DL I ICEHLITHBHE->T0E, L) Abw
%, O(g(x)) F12DA4FTT7NE, L, 2095 20D FIE THYL) s bHni e,
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ER NS DRFIE o PEBETR ERK oo DEEICLEDNS, HIZIRE

x2+x+1_
. —

O(x) (x— ).

(2) WIS 7 DHE&H

B4 (1) ©, BLEOMRCEHEETFRTH L, ZHONBEHEY ICN-%7T 7 —
WEI 57— 2RV, ZHUCOWTHEBICHLTE 2 9,

TODEB x, y DENC y=ax+b (a, b 1FER) DL 7% 1 ROBARDH 25613, 2D
CERMERTHDITNZT 7 72FBOTERIIRL I L2ANUI L, V779 7DHED a0 &2
5. L) DIEFHERLEDHERTH %,

ZNTIE y=ba® (a, b 3EBL b >0) DL RBRDH 28613, £ TUIkwiEsr)
D22 2H)WIGEIENIODDNE T T 7 ThH D, y = br® DHBLDNEAES & |

(57) logy = log bz® = alog x + log b.
ZZTY =logy, B=logh, X =logzx £EX &,
Y =aX + B.

SN X, Y ORNC 1 XROBRPILD IO 2R L Twd, koTa, y OB X, Y 27
Oy F¥5E, HE o DERICEZIETTH S,

B Z ML TR A, e N L Lk SORGE E IE, EMNCE =
C/N? (C IFEE) DIWOBFRZ2I 7T DT, Zo%G, iz log N, fitiiz logE & LT,
F=FE7ay bT5E, HE 2 DEMREICESZLICKS,

(3) BMEEAEROROISMERIRE
T4V 7 VERFMEDOGEDM u 12DV T,

(58) lim u(x,t) =0,

t—o00

) A2 VEBREZEDOBE DR u 2DV T,

(59) lim u(z,t) = —= [ f(z)dx

t—oo 2 0

Th B EBREN, HHELTEIS, EE5TLAMTH NS, (58) BT E
WEE (0 ~NIURT 2 2 ) 13, AR

Y
N
=
S

(60) u(z,t) = Z bpe™™ ™t sin nara

n=1

CERERHATE L, (30> 0)3R > 0)(Vr > B) £ <0t S rlhB. O =3, R=1 L7
TS, 2> R Z7 THERED o 100 L THEAC RS AR b 7o,
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WCBWT, lime ™™ =0 THBI 0. HE»D LI TH 2.

t—o00

o0

. 2.2 . . _m2.2 .
(61) lim be " ™ tsinnrr = E lim b,e”™ ™ tsinnrx
t—oo 1 t—oo
n=

D& MR Z I BB 0E Y & MR Z I 2 A lim DNEFE D AP — IS I3 D V27

n=1
BN ETHENG, AHHZET 2L TH D, 7 0WINHT 2 E2RTRETRLIE, &
BB RRIR L Tw 2 2 EZEHTIE L0, o006, KDFELVLERZED 9,

e ™
WEE 1 RISt >0 ZEET L&,

(62) lu(z, 1) S Ce™™t (t 21, 0< 2 <1)

Ziire T E C BHEET %,
\_ )

BI%C £(t) 5. HBIER C, 7 ITHiL,
(63) IfO)] £ CeT (FHREOTED 1)

DX I 2B Ce/™ T L oiHlis N g & &, Tf(t) 3FEBBIEININET 2
}- 2 3)0

iz RO t — oo DEFL w(z,t) 28 0 IINH T 27211 T, ZDMEBBIBIIIC I
HLTWB I B0 5

BN |f| 3EFETHED 6. M = max |f(z)| EE S, b, DEEN

z€[0,1]
1
(64) b, = 2/ f(z)sinnrx dx
0
»5
1 1 1
(65) b, | < 2/ |f(z) sinnrz|de < 2/ M-1dx= 2M/ dx = 2M.
0 0 0

L7230 Ty [bo] 1 0 IS X B AVER 2M TEP SIS ZASNE 2 EDhot, Kl

(66) u(x,t) = Z bpe™™ ™t sin nara
n=1
ThHbH15
(67) |u(z,t)| bpe ™ ™ sin mm:) < Z <2M —ntrt 1) = QMZ i
n=1

||/\
/_\ I ME%

—(n2—1)7r2t> w3t
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WRIZt=t) &T5E

(68) u(z, t)| < <2A4§£: —(n?=T)m 2“) -t

ZZ7T

(69) z: ~(n* -t

DINRT % 2 L 2agid kv, ik

(70) e~ (=Dt L o=(n—lmPto _ pn—l . om0 o

Y

£ 0. KT 2 FE kK Zr”‘l, 0<r<1ZBEREIF>ILroW6rTHS, u

(,\59*2 =0 &“C??Zcb)ip'? EREMNCIRT 2 NI, B2 EWIHIME f 23 C foB4,
C:Ej&J&%(k\C<+mﬁv)|MLM§CkWt@emJLﬁﬂDﬁﬁbjozk
n=1
BWAH B, )

(4) 3L 1 RAER (46) BBRIFB &

5 fii (3) DEEfREZFEITT 5 720Iid, #7 1 KGR (46) 2 EWT {UM) 2RO %1
WER S 0H, THUHRETH 5 2 & (IR, X DR —ZnlfiEth) 2o k), Jhiz
N — 1 HOFRMEIEIT 2 N -1 D 1 XIGHEKXTH 206, REATIINEAITHSE I L%
A L,

—fIT, n RDIESTITH] A = (a;5) 1TRLT

(71) |au| > Z |aij| (i: 1’27"' 7n)
1<jSn,j#i
DO EE, Thbb, [THDOBITICE VT, WA OHaHE DM D 54y D faaHiE o fl
EDHREVEEZ, A RBEEEWNATHI L),
5.3 fiDMANT 1 RGBRRDBEATHNIILEBER A TH 5, FEX. RPIDIT & REDITIZOWN
TIRHSD»TH B, T, ZRUHNDOBITICOWLTIZ, WNAKTIE 1420\ T, DS
THEWVWHDIZ -0\, =0\ D DT TH D,

(72) 14200 — | — 0N — | — 0N =1+ 20\ —2(60) =1 >0

L6, ZNWA, ROEMZVS & RBATHIO LA, O TiEE 1 X5
D W RED 737> 5

[Eiﬂ 1 AEEDREENATINIIERTH 5, ]
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REEA HHEEIC K 5, PREEXNAITI A = (a;) DIERITR W ERET 5 L. Ar =0 Zii/
FTRY MLz (£0) Db 2,

(73) r =

Tn

EL. #NMERRDE DT Z v £T %, A Ar =0 DOF k RgzFH L

(74) > agz; = 0.
j=1
COERDILDHE k HOARRL T, &Y 3HLICBIHT % &
(75) Al — — Zakj:cj.
J#k
foHiE 2 B - T
(76) ||| zn| = ‘—Zaijj <Y awgllay| < (Z \%‘\) |-
J#k J#k J#k

WA % |zg| (> 0) CHIFLL T

(77) k] £ lagi|.

i#k
CAUITH] A DIREERATH L EVHRECFIET S, =

(5) EHROBERANDIR DI

o CRBMEAERR O PIEE FUERIE (0)-(11) 13542 BT 2 & O 4P % {7
AEY B EEE G A B, BRI 2 RO BB RN DU & 5 R0 e 2 R T

TTEED n ROFEIEHFTIH A &, AREIDEFLIHHUESR f: R*" > 2~ Av ¢ R» LT, BT
S HCICFAETH 2, (1) A ZIERITH 2 (A7 BEAET ), (ii) f IZBHEHTH 2, (i) f IZHEHTH 2,
(iv) f I32HTH 5, (v) ker f = {0}, (vi) rank f = n, (vii) det A # 0., — T DOEHDIHDOH L, KouE
'n —dimker f =rank f; T®H % (ZHUIHERALEH DR TTH),
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-~
T 2 (EDBOBREBAOPER) EICIEHR T 2BEL T, 9-11)% 0 < o < 1,
0St<T CTEZS, BRuldtoICBerTHN, EBNTA—=F—0 L XDV
DEHED TN ZT- T ERET 5,

1
2(1—06)

() 0S0<1,0<A<

(i) 6 =1, A > 0.
ZDEE, BTk BESR {Ul"Yo<isnnzo I2DWT, RADIL D 3LO:

(78) max U —ul] = O(r + h*) (N — o0).
OEEEJ

722U ul = u(w,t,) Ty J 3 T/r OBEETTHZET S, WAIT N — oo &THUL

(79) max \U" —u}| — 0.
OEJEJ

\_ J
FE(719) DT Lz, EOROBEMRNDIKR & X 55,
BB, EOMROLEEEZ, ROEHED 5505,

-
EIE 3 (BBERKERE) U {UH0<i< N,0=Sn< J} . 20k

(80) (1+ 200U = ONUA + U
=[1-2(1-0)NU"+ (1 -NU", +Uj",)
1<i<N-1,0=n<J-1)

DIETH Y, IHICERRTI A=Y — 0, X\ BIRD 2 DODEMFD T Nh 2§ & ARE
¥ 5,
1

i) 0 < 1 < )
i) 0=6< ,0<)\_2(1_0)

(ii) =1, A > 0.

ZDLE, ROEADKDY ED:

(81) max U" = max<{ max Up, max US, max U§ ¢ .
0SiSN 0SkEN 7 O0SIST 0<=J
0SnsJ
\_ /

T2 OFEA F 2 HilORREZZ ERS
uttt —

(82) " =z, t,) + O(7),

-
n n n
ui g — 2w +udy
2

ST R D WIHHES SHERTED IR I DT HROREREE ) &SN 2 EBDSKAZ S 525, S OEBIZZ D
HERAUIR E B IRNE DI > T 5,

(83) = Uy (T4, 1) + O(h?).
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(34) up _ wi g = 2ui +udy
T h?
= (2, t;) — Uge (i, t5) + O(T + h2)
= O(1 + h?).

2T u 3B SRR v = uye 22T EZH W, FHERIZL T

n+l
(85) &

n n+1 n+1 n+1
ui wpy = 2up T Uy
T h?

PLEDS {ur} 3202 E RIS 72 9 2 L2305

= O(1 + h?).

(86) (14200 u; ' — O (ui™! + “ZT‘:T)
=[1—2(1 = OA\u! + (1 — OANufy +uly) + O(T° + Th?).

(ZORF1ZiSN-1,05nSJ—-1%2% (i,n) I LT D, BUFBN S A, A
FEXCOHLHERTH LD, ~AW6RWI LTS, ) bBAAEDMR UM 1Z (ZDERICL-S
) 2o/t

(87) (1+ 200U — ONUM + U = [1 = 2(1 — ONU! + (1 — O)NU, + UL)
ZREICT 72T 0, e =Ur —ulr EB L, e 13

(88) (1+200)ef ™ = OX(ef ) + e
= [L =201 = O)Nel + (1= )A€l + €ly) + O(7% + 7h?)

BT, NRIA=F— 0, NITHETBRED S, FRET+20), 00, 1-2(1-0)\, (1-0)\ IZ
WIS O L RIcR3Z EicEELEY, T5E.

(89) (L4 200)|er | = OA(Je ™ + [er])

< [1=2(1 = 0)A]lef |+ (1 — O)A(leiy] + lef,|) + C(77 + 7h?).
ZITORBTARELERLTH S,
WX E":= max || B &,

0<i<N

(L+20X)[€f ] — 20AE™ < (14 26M)[€f ] = OA(ef| + [ef)
(90) < [1=2(1 = O)A][ef| + (1 = OA(|efy| + lefy1]) + C(7° + 7h?)
<

[1—2(1 = 0)NE™ +2(1 — ONE" + C(7* + 7h?)

et =e =0 ICHFERLT, i 2 15i S N-1OfPHATE?» LT, ADoKz &5 L

(91) (14200 E™ — 20AE™ T < E™ + O(7% + Th?).
Thbb
(92) E"TN S EM + C(r* + Th?).

22



CORZDIBELHVS &
(93) E" E" 14+ C(1* + Th?)

E" 2 4+ 20(7’2 + Th2)

VARVAN

IN

E° +nC(1* + 7h?) = nC(1* + Th?).

ZITC fEED I LT =0 —u) = f(x;) — f(2;)) =0 TH 596 E°=0Lt4%5T ¢
Z M7,
WZIZ nr < Jr ST IHEET UL

(94) E" < OT (1 + h?).
s
(95) max UM —ul| £ CT(T+ h?). =

0snsJ

EIE 3 OFEA  (81) ICB VT, EHIETRTD U DIRAET, AHAiE—BoORAETH 5
D26, FEA>HHFHS D TH 5, DT, FEA<EAZRZE D, ZDTdDIZ, £T0Sn<J-1
5T RTD n XL T

(96) max UM < max{ max U, uptt U”H}
0SiSN 0=k
DY INLDZ ERRT, ZDIDIC
(97) max U < max U}
1SiEN—1 ~ 0=kEN

DD DZ ERRT, EADRKED i =iy TERINS, T4bE max UMM = Uin0+1

1<iSN-1
THLEREL L), TDLEZE (80) Z i=ip I LTEZ%:
(98) (L4 20\ UPT — ONUPT + U = (1 =21 = ONUE + (1= ONUE_, + UL L)
NI A= —0, NMCBTBRED S, FREL+20), 00, 1 —-2(1 -0\, (1 -0\ IFTd 0
MEICR2ZEICERELEY, T35,
<k<N 0<k<N

(99) (98) DA < {1—2(1— 0)\)}0%331(\] Up + (1 — H)A(Omax Up + max U})
= {[1-2(1-0XN)]+2(1—-0)\} max Uy

= max U
0SksN
—%
(100) (98) DIEL > (14 20\ UL — oMU + Uy = Ut
(99), (100) K X2 TUGH £ max U, $5b5 (97) #3515
(101) max U < max Uy
1SiSN-—1 0<kEIN
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IND 5 (96) DIV DT ED3ITH 5, (96) Z n=0 & LTHEMTS &,

1o ot L
(102) Jnax U; < max {og}fgv Uk,UO,UN}
IH6I2(96) Zn=1&LTHEHMTS L,

2 1772 772
(103) [nax U7 < max {0151}5?1(\7 Uk,UO,UN}.

(102), (103) 725

(104)  max U} < max{ max Up, Uy, U3, Uy, U]%,} = max{ max U}, max U, max U]{,}
0Sk=N

0<i<N < 0<k<N 1<6<2 1<0<2

DN ZoEEZMEDIETE, n=1,2,--- , JIZXL T

(105) max U]" < max{ max U2, max U, max Uﬁ,}

0<iSN 0SksN 1slsn 1slsn

DIRIND, DI EDS (81) DA< AT %, =

(6) AV R (Gauss) DEEFEDZ IV XL
A7 1 RAGBADME E LT, MERBOERFICIE ¥F—X)b (Cramer) DAz

EHUE (Jordan OREHEL H9) DB INTLB 2 EBSGLA, A7 ADWEER, i
SHLEZEERL72bDTH B,
Bl LTROFBEAZID HIFTHIIL & 5.

2.1'1 + 3$2 — xr3 = 5
(106) 4[)31 + 41‘2 - 35(]3 =
—2r7 + 3x9 — z3 =1.

& LB CRBRBATII E AAD R bV EWGRTATHERED, 20U
1. & 21712 0 TROWERZ T %,
2. 20DITR ATURZ B,
3. & BITIHDITOERLE 2 INA 5,

DX BEME — TIREAT3ERTR LTS — 21382 LT, EH R OBREITHICAHY
T 55890 % A TN T 5D TH - 72,

2 3 -1 5 1 & -1 ¢ T SR
4 4 -3 3 | — 4 4 -3 3| =10 -2 -1 -7 1|—
-2 3 -1 1 -2 3 -1 1 0 6 -2 6

IRITIC K o Tid, A ZADMRFZHAETE ) ME (RO TEIHE!) ZDHDTHH, KFADFIB
BolE ) kI, EAETIRIBLL TR 2 524 bhw (?),
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1353 I S
-]l01 3 I )J=>]l01 1 I —-101 5 % —
06 —2 6 00 -5 -% 00 1 3
1 0 01 T 1
010 2 WZIZ| 2o | =1 2
001 3 T3 3

A ADHEEED, HREOBRE X Z OFHEICIT LT, FROZE 2 LTS L 21774
IDED, LT D L) ITAfo Mz % 012§ 5%,

2 3 -1 5 2 3 -1 5 2 3 -1 5
4 4 33 |—-10 -2 -1 -7|—=10 -2 -1 -7
-2 3 -1 1 0 6 -2 6 0 0 -5 —-15

B DOITIIIE
201 +3x2 — w3 =5, —2x9 —w3=—-7, —dxrz=—15
EWVHTLERELTVBEDT, BDOHH»HIEIC

—15 -7+ x3 5—3z9+x3 OH—3%x2+4+3
a’,’3:—:3’ x2: :27 1‘1: —= :1
-5 -2 2 2

ERC 2 DMK S, BN MAO THZ 0 12T 25 E ML OBREZIERSE (forward
elimination), DAL K D REDOMEZ KO 2 /2 HRBRA (backward substitution) &
LR

DU 3 2D GEED K Z L X 9,

7 7= 2ANDRAZEH T 51213 n+ 1 MO Z KD 2 WD % 7, FHEOTFH
D35 (RELFITHRBEVPBNEICLR 5, L)), EHEX 752 — “)*’%?%7‘_&)@??3
ﬁiﬁﬁf%—o%<%wwimk$ UCHFTH 2 2 LT TVEDT, 77— X
DRAZfE) T EITHT 2 & ARDELEHERD n SREOHEZ T2 PNHICED, K
B2 T2 L2k d (ZEMEOHT28AICIE, n DYIEFICRE LIRS 2 EITER
L&9)e 2D, FEEDHEFETII, f‘(ﬁ?ﬁkﬁ%%%blf 75— AN DINRHF]H
INB Z Eidhv, 77 =X ot BN LMEZIk ) 6 IC, BEifindHIns o
TH 5,

DT 77— ANDIEIHARNLE, FEHLEE, %) 0FEHMEZEF > Tw 523, 5 5 i
DIBEAD X )12, REATIID=ZBEXNAITIIDLGEITIZ, A7 ADEREDTT KRG TH
5, ZiUT, AV ADHELEZRHT S L, h?ﬁb@ EHICHN BTN ZENADE £ T
HHI L5, FHEAEPILTTLLOTH S,

B %5 fMioRAT, n2d5,6 BEONIWEGEIC, OO oA =1 £ LT, W&
Lik & A0 ADiHEEZ FRtH 37 L GHRO FHRIC O W THIKE &,

(7) (35) DFEEA
(L)

25



R D 722 R 2 0 FIIBE%L f 1T/ L T

ap(f) = %/W f(x)coskx dr, bp(f)= %/W f(x)sin kz dz

EEL,
[ O e HIUL, AR &5
1wl ) (¢ pms L[ o) (o
a“ﬁ_iﬁ{bmwh(éﬁﬁﬁh WV = 55 ) @ pstis

DEPIN D,
FOIXERETH 55> 5, Riemann-Lebesgue OEIIC X D

Mnadfw)zggabew):O

k—o00

HIR D LD, W R
MHH%szgmk%mﬂ:O.
—00

k—o0

8 MNEKEN

1. FERIE RS, Neumann R D56 D 2453 171
S TEERICT B ESEL [3)

2. B AX— LD, 75zl 7 BZEMEDENT, von Neumann D% E AT
— TREIOEMEMENTOMEZs (4], TEGERRISHT 225 [3]

3. LU OB, Gauss DIH R LD IR
— TRERZROPMEMT O E s (4], TEN 1RGN 15 [5)

4. PRI B A5k
— OEE RN 2 207k (6]

5 ZOXEZELICHTEZHS>TEIISEIILEZDLD
i - A, Ty R L EHREREE (7]

6. PRI § 2 25RO W T, Ric#ionwb o
g H—, TR - RSB R R D 2 ik & ndifl (8]

7. By (7) SRR
Richtmyer-Morton [9], 7 # —# A A + 7 — [10], Smith [11], 1T - ¥R [12]
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