TEZDEHDORMD AER
BIBMEDCSEICL 2R

Ver. 1.0
2024 7TH25H

ap

RAKRFHEZER /MHERS

~
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ZIZTIRCEFEDEANF Z TR 35, CEREDOEANHG L IXROFWHZF .,

ZHOUD B\ - B, ERE, ROA, EE (IERER - #BR (RD) )
B S

o TUJI LD (KIE, EHR)

el

B (B#osi#e LTislzHW5Z L)

CEETIKHVWONERA v RIFZ ZTIREBEZ W,

oo T=REAFUTEHOOY 7 NBHHT S, 22T, T XA T Y —Y 7 b gnuplot #fl& UTHWS
TIRIAVYa—XOEAKKNEBIESAELE UTEIZUNI XY XF A (Mac OS X 248) 2HIELTWS, DO S %
e

BENFNaTV REBEBESHMITHRATIELY (R 1BR),

Ht HHU

-
—

i

Qv (N

Mac/Unix Windows
CavnNaiv gcc -1m file.c fcc file.c
C %17 a.out > data file.exe > data
Z7AIVY A B 1s -rtl dir /od
7 7 A VIR diff filel.c file2.c | fc filel.c file2.c
77 A INVDER more file more file
T77ANaAE— cp filel file2 copy filel file2
7 7 1IIVEH) mv filel file2 move filel file2
7 7 A VHIBR rm filel file2 del filel file2
T4 V27 MUBH | cd directry cd directry
T4 L2 MUMERK | mkdir directry mkdir directry
T4 V27 MUHEZE | rmdir directry rmdir directry
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FUEREDCEFEICK BE

ZITR IIER0OHDOFEEIARR] UMNEEREE, 2006, Fibdiik) O 6 FTRULBIEEFIEDIEE 2175,
fli L 22 (R 5 13 U o THRARIT IR D AR R & R D2 AR E M £ TEH D, 6 BOEMDHIHE HA
FEBIZ T 0T T LEMARPSFEEEZIToTIRL V. REFATVWDIRETITEILS RV LI NDETTHS,
CCHEEVWRTWE ZAIZDOWTIE [FR] CHEZEL, a2 I A2MEEOM» NIV [T V] IcE W,

Al FR1 . AR OBUERE

AU 1 CIIEENE E BERIC RN T AL S, T, TITHROIBRFETVERT B1EFIL. 9, H2H
2. 3z,

i
(o))
=
=
[

BFEETIL :

(i) Mo AR (‘lu:@ D<x<l1l, 0<t<o0)
ot Ox? ’

(i) BEstaett uw(0,t) =u(l,t) =0 (0<t<o0)

(iii) #ISHSA: u(x,0) = sinmx (0<z<1)

ZOWFET NV EBEHBECH AF—LEBMRD L5125, HEOE®RRYIIFE6EDEDEZTOE TG Sk, ZZ

TIIEBEAL 25 Z 232V DT, AvyadBFBESLLTi2HWEILIZT5, £/2, Avyvafz ] Lidd,
BUEET L :

(1) 5 fHifE "H—uf—i—ﬁ( T = 2ul 4 ult ) (n=0,1,2,...,i=1,2,...,] —1)
(ii) BEst sl ug=ut=0 (n=1,2,..)
(iil) #IHASA: ul = sinx; (1=0,1,2,...,1)

ZDAF— MZH DV THBREEZ BERICES 2212250, Zho oz R-ZCREFEO 7S5 4 (13—
Kl &WS) 2D LIF2DRALEITIZEL L, LU, R26mRT &5 RFIEE A T EIZ 3 — NHME

KTE 5,
FIR1T <Kz ORE>

B x, IR T AR x[1] 2EH - RELRRT S, Thik ﬁ@ﬁﬁz, RIS, KEEMR, Bl CEFED
HAZMEZIXTCII TSI L2 EERZIENTES, 22 C1IFinax &@&EL, #2453 C 7TussL6%2R7T,

#include <stdio.h>
#define imax 20
int main(){

double x[imax+1],dx;

int i;
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dx = (double) 1.0/imax;

for (i=0;i<=imax;i++)
x[i]=(double) dx*i;
for(i=0;i<=imax;i++)
printf ("%f \n",x[i]);
}

Zo7ur 7 M diffie WS AFTEMNIT S, ZOTUT T LE TN - FTT L L2 VITOBEDWM TS h
51T ThHE, ZOT—RXEHTHOTHERTSILETEEN, T2 E512LTEL L BOEDBEHER LU % ]
SLEILNE, ZITH, T—X%2 VXA VLI MTdata LI 7 70D, ThaETF—XXBLE 7Y -V 7
b gnuplot 2 HWT TR Y hF5, TZTgec WD C AV FTEFAT S,

% gcc diffu.c

% a.out > data

% gnuplot

gnuplot> plot "data" with line

INTTF—EHMEBE L TERINDIZTTH S, gnuplot 28T 951213,
gnuplot> exit
EInEEv, £554, MOT—XEBLEY 7 S E2FANTH LW,

FIE2 <u} OFEREDHRE>
W, ul OUHRMNZ2RET D, ZITIOLEE wuli] L UTEHT S, £7, wli]l 2E57 5.

double x[imax+1],uul[imax+1],dx;

uuli] OFMEIX x[1] DIEZ BT L 7ZRITIRDXE AN S,

for(i=0;i<=imax;i++)

uulil = sin(x[i]*3.14159265);
2T, MARZT DEZXOFIZANEZL BRITNIETe 7S 4D 0O TERPIZ2EESLTBEVWTH LWV :

#define pi 3.14159265

ZRuuli] OEZHENIT 5,

for(i=0;i<=imax;i++)

printf ("%f %f \n",x[i],uulil);

ZO7AT I LEAVNRANTEEEILERITAREZLIEC EEBEARRII=ABEKL Y DM AABERERE > TWiWZ & T
Hb, TITHFETIAT IV EHAAATIAV I NVTEHRELD D, BEAEMIZIZROE 548 1457270205 L diffu.c D
AT (247H) I ANRLS TR SR,

#include <math.h>
JIVNRAINTBEZIRDEDITT 5,

% gcc —1lm diffu.c



Al BRI BESEREAOLMEME 5

FIE3 <1RAFYvTETEDZ>

INTHIIGRME DR EN KD 572, RIT 1 ATy TEITEREZEDT (HHEREREIET) ALS, FILVWATY TOEHK
wIZIFH L WA R unli] 2HWSZ 21295, 1 A7y T#ED 2121320 AR (1) 2 HWTEHETE LW, BET 5H
FHRD &5 TH 5,

£9. unli]l 2EH59 5, 72 KHEdt(=s) DEHET S, (DWVWTIZ K ITHYT 548 kap DFIHDESH L THKL,)

double x[imax+1],uulimax+1],un[imax+1],dx;

double dt=0.001, kap;
AR 2 BB U728 0 R U XDBICHFRR I E0RZ2HET 0 RL XE ANS,

kap = dt/(dx*dx);
for(i=1;i<imax;i++)

un[i]=uu[i]+kap* (uul[i+1]-2.0*uul[il+uuli-1]1);
7z, unli] OMOMHERE RSN TVARVDTIUHE W TEREZFICETERD L 12T 5,

un[0]=0.0;

un[imax]=0.0;

¥z, I wli] 2HENT5L5CwmE2 wu TEEHR S, 2L T, T2 T % printf XEMZ 5,

for(i=0;i<=imax;i++)
uwulil=un[i];
for(i=0;i<=imax;i++)

printf ("%Af %f \n",x[il,uulil);

INTTOTIL6%2AVNRAIN - FEFIELZEDUEBSEHPHEITWERTTHS, ZNWHE1 ATy TH (HHt =s)
Dul (i=0,1,2,---,1) 2KT,

FIE4 <BFEREIEZ>
1 257w THAFL DT, R nmax=7 FTHEDHTA LD, ZNIEEBRBOXISFOEHEEZENTAXETDOLEI A%
oERT IS ITThIEE W,

for(n=1;n<=nmax;n++){
for(i=1;i<imax;i++)
un[i]=uuli]+kap* (uul[i+1]-2.0*uuli]l+uuli-1]1);
for(i=0;i<=imax;i++)
uulil=un[i];
for(i=0;i<=imax;i++)
printf ("%f %f \n",x[i],uulil);
}

ZZTYR, nDFEHDEE & mmax=7 DEHEZ ENTITHR S5,

double x[imax+1],uulimax+1],un[imax+1],dx;
double dt=0.001, kap;
int i,n;
int nmax=7;
INTTar S L%V - EIT LT X270y T 5L SAOMIMHEINSIZTTH D, HIHDOMHED=ABEBOIRIE

L0H, INXWRIBO =ZMBEBOIEND 5 & ZNHHEMAY t=dt*nmax=0.007 ZIFEAFL L ED u 2KT, DURKANIE->
TWAHMRH6E6. 8EHRDI &,
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HLTHES| 1] i L o LLE

WRIZIRNTR E LIRS 2 72DIZE 5D UELFBELTA LS, mmax=70 £ 95 &, FZA ¢t =007 ZIR->TWVWB I LIz
RBDT, MRHRIZ &S L = ABEROWEE e 007" = 1/1.995 ~ 0.5 2R 51T THS, FLAY, Zo5RoTWVWEIL
EHEND L, ZDES>TVWEZEDRHNE, THIEBUHEEZICKS, LaL, ZTOBMERA NS, Hofricmngg
IS ND T TH B, T I TEEN 0.5 128> TVERHD D IZ WEAER, FXIEMO LS BBFET—X 7 74
) (data) ICEEEZESMNMA TR 2=0, y=05,tmae=1 y=052KIMeENIELLIITTL L\,

1.0 0.5
0.0 0.5

HLTHES[2]  WamplEa. 3BT BRI (S0 y MEEEOYEIZE)

BUHFEAREOHEA. 3 TRULFEZIT>TALD, TDE EOMEIIHIEL. STROLMLmD, ZOMEZE
< ISR IS E R B 2T RV, BRI E I 2 TRIE L 2RO L 222 RD &5 LB EMA TP S L
L\,

if (fabs(x[i]-0.5 ) <= 1.0/6.0 )
uul[i]=1.0;

else uuli]=0.0;

TUT S hEIUNRAINETL Ty FLUTASLEENRE E—HUTVWA I LAHRTELTHAD (M6. 45M18),

HLTHES| 3] miERLE

INTIRIBIEBARR A 2 BUENIZMES Ta 27 7 L HkZ iz b, T THBIERLEEENEARE D1 E2R L TAHAL
5, 5E T, k=rcs/h?=1x0.001/0.05> =04 <05 TH b, FRIILETH>7z, ZIT, dt=0.002(s = 0.002) &
LTrh=08DFEZHELTALD, nmax=70 DE EFTIFFHETEZHRVDT, nmax=3 &£ ULZIEI DRV, T5LHEED
wEFFES UL RZFTTHE (M6, 52R), FFFFII/ AV OHETTRS N b Gk T — K THI
TE%, TORBIIWHOIREEZBEZ, FRZOELEDOEELTVWIOMR0Hh 5, BELZEEIXBERESRM (CFL &4
Wi I NN AT Y FCEHEREREELTLES 2D DBTH S 5, BUEARLEVESBAEEH L LA 128 72
{TEBSBRWERFHEDOVO L DTH S, dt=0.001, nmax=70 2 U TEHAZITTIZREZ D,

HLTHEI[4]  MonmEs FELOETHEE) TOHA
iz, Mgty LT

1 1 1
0 Scle-z <z
4 217 2

DEGGEFRLUTAL D, TOL SR ITEHHE4RGEL. 208 25 TROLBIZRD (K4, 620D, BUEW
22 DR Z i AZIFBICOZRMEZZA TR 5720 Th0, BEMICETIH2 TRE LMD Z 52RO X512
HEELTYS L LW,

if ( fabs(x[i]-0.5) <= 0.25 )
uuli]=1.0 - 4.0xfabs(x[i]-0.5);

else uul[i]=0.0;

TS LEAVNAIN - EFFLTaY DU TADS LEFHRE X T2 RHRTEDLTHA D,

PAE4ADDEETHN S X 5 ITHAEFHRIC & 2 RRIZMRHT IR TR & 8RR 2 RS SRR IR A3 20 < 58 F 8D A3 IR
IR, — T3, B BUEA L E N EBUERH R OBOE G S RO 2 HE /TS BEDVD B,



A2 B2 1 BARBRARROKEmE 7

Flgs <HHF—YOMEBIE>

CIZTHEDA Y vl (imax) HKRELRD L dt /NI LA TERST, BREHOMINEAEG > TETHRIZLL
nh, T THNTAHTF—X% ATy 7% nskip = nmax/10 BIZH AL, A% 1 OfHRREORM AT v 7IZMEI<, Z
N%& 9 5121 nskip ZWISRMORE DRI H 72D TESH - HEL, FAT Y ITHBIT—REENTELIAERD L ST if
XTHDIE &,

if ( nYnskip == 0 )
printf ("%f, %f \n",x[i],uulil);

I Tomax = 1,000 < SVOEWVRHZFHEL TAL D, 1L A CRKIRIE (t = 10) TRIL L&D Tud¥nici b
ZENETENDIETTH D,

SELHBETERVEEEFD FFHATEALFIHETE>TEDOFIENSE S —EIZULDBI LRV, TD2HITH S <
FAHETELFIHO T U T T MINEDITHRET B L B,

A2 FRRE2 : 1B RAEXOBUBEREE
ou

P R R OBUEFIRIZ Ao TA L S, WERD 2 BRI R 255 5 1 BERREE R A % ="

BEEEDEF2ITS, T TCETHESIHMENETVE R,

(i) IRy e % = —% 0<z<1,0<1)
(i) BEStSt: u(0,t) =u(l,t) =0 (0<t)

1—4x—;’ <i<x<i)
(iii) IS u(z,0) = A(z) = 13

ZDET VDML u(z,t) = Az —t) TH B, (72720, uBEBETRVWEZANPEFITETS2ET, £ <0.25) 2O
FETNETYIA - Tz PR 7HEICZEDEMET 2 LRDESITHF TS, SL5OREKRIIHTOREDE DE 5] Sk,

EXETIN
2

(i) %5 AR ufﬂ:u?—gﬁﬁH—uﬁ0+§EWZl—mﬁ+uﬁﬂ (i=1,2,...]—1,n=0,1,2,..)
(i) BESSAE ul =u =0 (n=0,1,2,....)
1 1
L—dlz -3 (4§msi)
(ili)  #IHISAE: u) = 13
0 (O§$i<4,4<117i§1>

FIE1 <EHROBEBA>

EREFALOR (1),(1), (1) £ HOEE | O L TH& 5[ 4 |DHIET 2RISR L APEHERALEOT, Bk
ENHBRR (1) DATH S, Thbb, FOBROBRBICE-727027 5 AOREFERESE5HNE2ENEFVOR (i)
ZBEFTEN, B IKISHBES TS LA RO LS ICEHTIEE, kap DEHE 2T s/h=dt/dx ILEZ 5.
TR X € 5 A RE

A2

for(i=1; i<imax;i++)
un[il=uuli] - 0.5%kap*(uuli+1] - wuli-1]1)
+ 0.5xkap*kap*(uu[i+1] - 2.0*uuli] + uuli-1]);

YTES, ZITHIOTU IS5 4% a— U TEoHi LW B 25 AT wavel.c £ LTH<L, £7, dt = 0.01,
nmax=10, imax=50 ¥ UTEHHALTA LS, Z I THRMEFZIZ ¢t = dt * nmax =10x0.01 =0.1 TH 5, K#lt=0.1T
DML u(z,t) = Az, t — 0.1) DT, HFIZ01ZTThZEmRROND T THS, MIrOTHLD, IFLALRIE
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Ro TVWADBUDE EMHEAT I LES NI NTVE0E LRy, ZNHNBEIEREFFEIENSEDTH B,
[AY] BOEDIZZIITOT I 5 L% wave2.c & UTHRET 5,

cp wavel.c wave2.c

HLTHES[ 1] siEALEtt

I CBUEARZEMEIZOWTHHERERL TA LS, 5, k=cs/h=1x0.01/0.02=0.5 <1 THEZEIZL>TWVWD,
IIT, s=dt =003 258 k=15 &40 BIMLEMD R S NEL B, KITAFIL THRS & & R
LEBROR &S REFXFOMDEND, BUERLEMN R 2 BB 5 L T U 5 Mo 7 < Tl 5 7%
WHEHIHOO L DTH S, dt = 0.02 DEHE (k=1) B> ThA LD, I Z THMEIBUEILER A U TR ERIARIZ TN
TWL DRI h 5, dt = 0.01 IZERL TIRITHED,
HLTaed 2] SRS

AL TIRD & 5 A R BB (v 7y MRIBIED 2RELTAHL S,

1 2
u(z,0) = Qz) = ! (3 =S 3)
0 (% DAth)

TR 5 LAHOEKNLEESHIFHEE I OFIH4DH L THE 5 DAZEHWD, ZOHIMSRMATRMAERS TS LHE
IRBET L TN RVIENIND Z e 5, RO TIRIREIRAL R S50, 87 TREMEINE O E L H
TWa, ZOBHKFEF Ty 7 A - Jxr R 7ECHEERCEM & EHG EDEROH 5560 & 5 IZYBLE A i B &
IR BAEFTRIZ B W T ICHN, EALEBENZHETH D, Z0 &L D Al 2B E D §5 HiEEnwsns L5
FHEINTWBEN, ERELIZEL-72C 1 Pk W BUEFHEENBRER S hTwb T,

A3 FRE3: 2MBRTRBAREAOKIERE
Pu 0
u_

2
57 = g0 EEMBICROTAE S, £, BEETLERT (56 3 MG,

W R W EIRIZ 2 BERRIE) SR o

32,
(i) f iR

W

ou v ov ou

%= "% B 5 O<z<l1, 0<t<o0)
(i) Bttt

u(0,t) =u(l,¢t) =0, v(0,t)=v(1,t)=0 (0<t<o0)

(i)  #AZM:

1 1 3
u(z,0) =v(x,0) = Alx) = 13

::@%ﬁﬁﬁﬁﬁb%?m;iuzﬁﬁﬁl%ﬁ%&%ﬁﬁﬁm?éoN7$wu:<

u) w:<v ) EHWTE
u

v
TETIE,
(i) At AR g—?:—g—: 0<z<1,0<t<o00)
u(0,t u(l,t
(i) SRS (31}(0) )z(av(l) )zO (0 <t <)

TL s - pNYEREAT - BIRS—, TC I Pk (FRILHER. 2003)



A3 WS 2BEUEBAEROKERE 9
A
(i) #IMIGE u(z,0) = ( (@) ) 0<z<1)

0
LEITIB, L, 0= ( 0 ) Thd, FvI7A - Tz Fa7EEHWTEMLZRMAEICESZET L

2

(i) #4 HR W =ul - E(why w5 (w20t +ul ) (n=0,1,2,..,i=1,2,..,]-1)

7 T

n __ ,n —
uy =uy =0

(i)  BEFREAE (n=1,2.)
=, o =)
A(z;
(i) WIS w) = () (i=0,1,2,...1)
A(z;)
ZZTEMAN () 2laTEL L
n+1 n K n /{2 n n n
U; = Uy — §(Ui+1 —vy) + ?(Ui-u = 2ui +uiq)
n+1 n K ’%2 n n n
v = — 5(%4—1 uiq) + 5(%‘4—1 — 20" +v;"4)

THd,

FIE1T <ZEHOH gnax ZIFP >

INFETHSYHEIT 1 D7ZITH o720, SEllEu & v D 221245, 5, EREHEAD L Z 2 TilEIERENA
WD LD BLYHRIZIDIZHRDZDT, —MIC quax HOYHEEZE D L5123 5,

E9IEMAUEE (BAE 1 BSPEE AR %2 quax [HOZEBIZOWTTI K57 v I L8485, 22T, HKD
R 2 olds) & VT, uul0] [4], uwul1] [i],..., uvulgmax-1]1[i] TH 2. BARWRFMEIZRO LS 1I2FhiF kv, Z
ITREMB TN T ABHOFIHCHLTHES[ 1 | 2ELOZHOLOEMS ZLAUFE LY, HiLLWT0STLD%
A% wave2.c £ THLTHI D, ZTITlE, gmax =2 & LT u & v iZZNZ N uwul0] [1], uwul1] [i] IZHLSE 5,

(1) FULIHWBEHE2ES MR %,

#define gmax 2

int q;

(2) ZMuu, un & 2WGTRAICER B,
(BEEX0)

double x[imax+1], uulgmax] [imax+1], un[gmax] [imax+1],dx;

(W E R AE)

for(i=0;i<=imax;i++){
if((0.25<=x[i]) && (x[i]<=0.75))
uul0] [i] = 1.0 - 4.0*xfabs(x[i]-0.5);
else uul[0] [1]=0.0;
uul1] [i] = wul0] [i];

(IR )

kap=dt/dx;
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for(i=1;i<imax;i++){
un[0] [i] = uwul[0] [i] - 0.5*kapx(uul[0] [i+1] - wu[0] [i-1])
+ 0.5xkap*kap* (uu[0] [i+1] -2.0%uu[0] [i] + wu[0] [i-11);
un(1] [i] = wul1][i] - O0.5*kap*(uul1] [i+1] - wu[1][i-11)
+ 0.5xkap*kap* (uu[1] [i+1] -2.0%uu[1] [i] + wu[1][i-11);

(BE55AF)

un[0] [0]=0.0;
un[1] [0]=un[1] [1];
un[0] [imax]=0.0;

un[1] [imax]=un[1] [imax-1];

(un & uwu DEEHZ)

for(i=0;i<=imax;i++)
for(q=0;q<qgmax;q++)
uulql [i] = unlql [i];

(F—xDHH)

if ( n¥%nskip == 0 )
for(i=0;i<=imax;i++)

printf ("%f, %f \n",x[i],uul0] [i]);

HIOH IO wu OFRFH  [0]1[1] W KEAETIZHEND D,

ZHIFHIZF UG Z 2 (=gmax) [ L727213 2D Tuul0] [i] & wull] [1] OMEIXBAETO wuli]l L2 <EDSRWIET T
Hzd, TOZLmENrO LD, WNPDE-OIZiEuul0] [1], wal1][i] ZENZTNMZICHIIL, FhENOH T UED
774 )% datal, data2 ¥ LT, TNHDT7 7 AP —HLTVWBE I L E2HERT 200 L\\, (KTRAEZZIFTIEERIZ
—HLUTWR2EEIERWV,) UNIXETE 774017740208 —HLTWENE S NEABIZIEdiff LS ¥
YRR,

unix} diff 7741 TrAIN2

LTMoET (B) 32 TE2 2007 7 A VIEF—HLTWBZ 225, BIZIELRTD (wvavel.c DEFHERD) F—
RIT7A4NV%% datal & L, HLGONZT—X 7 71V % data2 & TNIE

unixy diff datal data?2

ELULTHDBEL T NE 2 DODFERIZFE U LR TE S, Windows TlEa~vy R7ar 7 Tdiff ORb D IZfca~
Y RZERHWS,

FlE2 <2BEREEBARAOESARANOEE>

TIZFEBIT 2 BRI AR RO BUERED 70 75 LZEET D, v I A - Ty FR7EOEDFRRAERS &, 2
BRI HFER & 1 OB AREROE RIS 2D u & v PANEDL>TWEEITITH S, £o-T, Fus
FALTHEMIET S A %D uul0][1] & wul1]l [i] Z ANFEZA TR 22TV, KEFREO L ZABMRD LS 1245,

for(i=1;i<imax;i++){
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un[0] [i] = wul[0] [i] - O.5*kap*(uul1] [i+1] - wu[1][i-11)

+ 0.5%kap*kap*(uu[0] [i+1] -2.0*%uu[0] [i] + uwu[0] [i-11);
un[1][i] = wul1] [i] - 0.5%kap*(uu[0] [i+1] - wu[0] [i-1]1)

+ 0.5xkapxkap* (uu[1] [i+1] -2.0*uu[1] [i] + uwul1][i-11);

I TOEHIZFMEREI 220 ROAELDE 2HT uu DIFUHDEHRT 0,1 IZDOWT 4 EHLHETNIEIWETTH S,
DT I L%EAVRAN - ETFLTTF—REHAD L ual0] [4] , uwul1] [i] Hicaie ARIZAERCRE L Th < Dn
RondiETThD, BFEET VOB
u(z,t) = Az —t), vz, t)=Alx—1)
THBHDT, SFELINAHHTETWAZ LI 5, 22T, HERKEEL ¢t & MEOBIIER S (EHFRE L KD, *
DIEMN 1 IZR>TWS Z L 2END L (K6. 9BM),

HLTHES 1] WA L ORI

ZITAUMGRG 2 ZEZATHE D,

(1) ¥, wulll [1] SRS 2 0 OOIRIZME

v(z,0) = —A(x)

ELTHES, T56Luwul0]lli]l] OTFT—X% A2 ELPEMITNTITFLOMNBETELTHS S, TN, ZOYHHEME

% 72 3 IR IR D
u(z,t) = Az +1), v(z,t)=—-Ax+1)

ThHhBIehOHETES,

(2)  RiZ, wul1] (L] KHIST 3 v OWIHI%M %

v(z,0) =0

ELUTAES, 2L uul0][i] O&ET 0.5 DIWELELGIZADPNTEREL TR SNZIETTH S, Zhix, 0D

WIHASA: 7% Yo 72 AR AR DY

w(z, t) = %[A(m SO+ A@—b)], v t) = %[A(m 1) — Aw —t)]

THEIhoHETED,

HLTasd[2]  mERwE

WG ZTCIZIRLT, dt = 0.032 LTA LD, ZOHA, k=15 RO THEARALENRI 53T THD (X6.
1 02R), BIEALENRI S Z L 2ENIDZS, £/2dt = 0.01IKELTHEI I,
HLTHES| 3] BERMZAN

dt=0.02 DEFEHRTALI, TNiF, k=1D & FIZYUED, ERHICYIHOEEMEZD>THL, UL, k2D LT
bRELRDE k> 1 BEARLEEZEZILTLES, 2022056, k%2 LICUTHERLKHBET VWS Z 2 idfTbh
B, 7272, K IPIRBERSKREVIEIVHEEN LS BRBHEMABH LD T, v iEHED/PI S LBRWVIEI LW,
HLTasd[4] sRCOR

dt = 0.01ZE L. n = 100 & UCEREZIT> TAL D, KEEABND D, 272 0 BUEINZRHEHTHI> TW2 DA R S
nas,



12 i §% A BUEAEDCEFEIC X 55EY
A4 BFE4: 2BESvyIR-PJxzvRO7E
INETORBETHERHSHREAZS v 72 - Ty Fa7E2AWTHELTEZ, ICIEREOHEEZ T 5720122
By 72 - Ty Fa7iEEAnWE7ar 7 MIESBITYL, =EL, ZOFBETRSETOHEE2 2EBE I v
ATy Ra7EEHWTITYEIT, BondERIISETCEE2<ALETTHE, (ZZTOFEIZEL, FIOT 7
ANEE—TLUTHEDEEW,)
ZIZT2BRMS vy X - oy Ru7kic T A IzmoESRITTIE R W,

n+1 n
u; =u; — E(Wi+1 - Ww; )
n+171 n+ n+17§( n+1l n+1)
A n Wi i—1

ZITHLVER wW! & u?ﬁ BURETHEI NN ETHAS5, BAERKIZIFRO XIS BRFIETTa I L4%2ZHL TV
FiEdkw, 22T, HiLWT7 71 (laxwen.c ¥ THELATFS) Z2ES>TEEELTW &H12T 5,

cp wave2.c laxwen.c

FIE 1 <EF w DBA>
wl EHWCTESRZHEET, T22ERFT I AORTHEL LM TES,
(1) wp (RIS T £ wwlq] [1] O EET 5,

double ww[qmax] [imax+1];

(2) wi DEEESRDILDERTTIT >,

for(i=0;i<=imax;i++){
ww[0] [i]=uul[1] [i];
ww[1] [i]=uu[0] [i];

[ER] &7 ww OFHEIEn @ for XOHTHET L2, 554, RERBOESRDOERTH 5,
3) ZAAzwzHWTESHET,
for(i=1;i<imax;i++)
for(q=0;qg<gmax;qg++)
un([q] [i]=uulq] [i]-0.5*kap* (ww[q] [i+1]-ww([q] [i-1])
+0.5xkapxkap* (uul[q] [i+1] -2.0*uulq] [i] + uulql [i-1]);

ZDEHEIZEZTF—XDOEMAZBRWNZTTH S, AT L (UNIX TiX diff Z2H\W3),

FIg2 <2BESvy IR -Szy ROTEOEDRADLEE>
2BES IR - Ty R 7EDESRNIIEFET L, 2RO ZA8RERD LS IZEFET 5,
u)Zg%ivax-ﬁ:yPD7%@¢%&%@%ﬁﬁ@ﬁﬁu?juﬁmﬁéﬁﬁuh%ﬁ%?é:t%ﬁ%?éo

double ww[gmax] [imax+1],uh[qmax] [imax+1];

(2) 5ETOENRDE 5% | BIEH QXN ROFITHEEM]E 5,
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for(i=0;i<imax;i++)
for(q=0;q<gmax;q++)
uh[q] [i]=uulq] [i]-kap* (wwlq] [i+1]-wwlq] [1]);
uh[0] [imax] 0.0;
uh[1] [imax] uh[1] [imax-1];

ZTi=imax TOEMEHEINTVAEVDT, BREMIZEIVENEEZT VWS,
(3) 2B DREAMA S, TOER CE1BRHOFEDOER) Zuww 25EALVET ZHEENTIERS AL,

-
—

for(i=0;i<=imax;i++){
ww[0] [1]=uh[1] [i];
ww[1] [i]=uh[0] [i];
}
for(i=1;i<=imax;i++)
for(q=0;q<qmax;q++)
un[q] [i] = 0.5%(uulql [i] + uh([q] [i]
-kap*(ww[q] [1]-ww[q] [i-11));
un[0] [0]=0.0;
un[1] [0]=un[1][1];

ZITCEREREMGZEZ -, URTOBERELEGEOHREIZIITREEIABELDT, HITLEWL, 207075 ADEH|IZ
$BTF =R RVET TH S, (277, ADBEEBREOTNIEIE1E Lviawn,) HEhrd X,

FIE3 <w OFFHEOBEHEIE>

ZZTwDHEEZ I ATY TRBIZ2EHETIXNENRH L IZAILTHA D, w DHENMHRLSED L S EEIED
DR UEHEZ 2[[#E D IR T OB RV, M ABRALR EE2H S HE w OFHEPMERICR D 2MEinciZLALRLZ 2
DEMRYEEICKRS, 2T, wDFHEIX BB ofTxedTHET LI LW, FIXIZRD &> 2EREE->TH
JiE, TNEROCETZIITw OHENTELZ8I12h5, 22 TIOBEMIT caly & 5 WA 2 1) 5,

void calw(double uul[gmax] [imax+1], double ww[qmax] [imax+1])

{
int 1i;
for(i=0;i<=imax;i++){
ww[0]1[i] = uul[1][i];
ww[1] [1] = uul[0] [i];
}
}

HEAMK (nain) T w % for XHTHET AR D IZHIZ calw(uu,ww), calw(uh,ww) EEIFIEL WV, 22T, FHE
PHTOHBEELH LU THS Z % (UNIX THIUL diff 2FWT) RT3,

FIE4 <BHEREH>

ZIZTATY 7H nmax 2 KE K T5 (nmax=50) & UMEFIZEOND, GHRFHNTU £ 5, MHTHICIXEE KA DE
IHRTEPBEAETEZS Z RSBV AN D, £ I CHRIERIZIRWR T WERRSRMTH S TSR RN 123
ELURBT, RN ZEEP RPN THRRWE WS RETH D, SROHE, BEEMITIE u(0,t) = u(l,t) & H
5,



14 A8 A BUlEfRED C S L 2 HEH
(1) uh DEREMEGEZ 2L THERDESIZEHT 5,

for (q=0;q<qmax;qg++)
uh[q] [imax]=uh[q] [0];

(2) I, un OERRME GRS EZAERD LS CHEWMR 5.

for(q=0;q<qmax;q++)
un[q] [0]=un[q] [imax] ;

257 % LEAHMOBR A MY > THITO L &, AL &S BEALEDBIFNS A>T BOHNN 5,
HLTaES| 1] ALEcEbsk

PG Z v = —u & UT, WHEMSITEDLIEEET>TAL D, Lbiih o M T > PG> S BN b 13T TH 5,
HLTHES[2] WAMICED S

MAAE % v =0 2 LT, WAEATARIZA P TED 5 B 2B L TAa L >,

R THMIE LR GRINFEARR) &L D HOh S fiins- 7z,

A5 FRiE5 : FERUARARBENELRREX> OBERE
T, VWELRIIY SR ROMEMREDH & U TR FHREROEUEFTITIND #7255,

FIE1T <ZEH u D gmax % 3 ITEPT>

9, ZHOM quax % 312HXT, L WREBZOESNIIMMOMIET 2EME R UL L5129 5, HlxIE, wul2] [i=uu[1] [i]
P wwl2] [i]=ww[1] [i] 2T NIEE V. THik caly DH L main OYHIRMAED L ZADAEFTNIE IV, T OEFHITH
ICERDMEEBE R T2 CHEMRIEIED SRV, TDZ L 2HRT 5,

FIR2 <wERGAFARIAOAREEICT 5>
MAEEDITH w %Gt H S BB calw TOREIHEZ

pU
w=| pv’+p
(e+p)v

WS T AL ICEERmR S, ZOLEZRAYYZBVWT uDlE»S p, v ZIRODESITRODTHL S w DEHEE2T B &4
P RTW,

ZZT, popv, eldu=| pv | DREDTHD, 7=, v ZHELTHY, y=5/3 LT3,

FIEI <HHRHDERE>

ZZTHIMIZRME S Z 5,
p=1 (0<z<1),
pv =0 (0<z<1),
1 1 3
. 1.9—4;2—2‘ <4<x<4>
0.9 <O§x<1,3<x§1>
4’4
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F, 2IZTIEwl2] 1] 205 L5129 25, FAPHFRMNIE (x = 0.5) 25 WHNIZ D > TP BT 53R THH
5THAS (M6. 112K, (AP HEZFREEL,)

HLTHES[ 1] HHovialv—vay
HRDERFHEDY I ab—va v a7 72012, YIIRHEEZRD LS ITEZTHALD, TITHEMLE y=5/3 £F 5,
u=pv=Asin2rz, p=1+ Asin2rz, e=0.9(1+ vAsin27rz)

ZHIREH ¢ =\/7p/p = 1 DEOEEE 5A BN TH S, FUHBHROERE A =001 (H5\VE, A=0.0001)
Y UTHIBEROED BRET A AL LS (M6, 12 () 2). O & EWROEEREN 1 12R2>TVWEZ & &R
k.

[ER] ZorE7740%HLLIL, ZO7 7 A NVH%EFIZIE sound.c £ THLTHL,

S ELKMLERDHANTETWE &S THIE, HFHOER A% 0.01 »SHRLIZKESLTPE0.1~02<HLVET
DIV EHOHNEIT > THE D, DL FHEMIEHEEAITVRE WS X5 THRSNS (M6. 12 (b) B, %7,
RATIIZ 1 3 %) BROE R AED BIRIZ 25 OT, ERHEO & > RFEAREEARN S ETFThs, UL, Kl
A ORI TIRE RO FRIZ Y75 ¥ 2 ACIREARNS (¥ 7254, JHREIENASOT, FlgzBRoR
BG4 Ty sA - Py RO 7ETHELEE 2ICBNh5,

HLTasd[2] s

PHEOMIEY S 2L — a VAT 2DIC, &5 IR ES 6 EHE5HOR (6.35) KEATAL S, MEICOWTIR
M6. 142k,

[AY] ROV IaL—va TRl ENG [ <z <) OREES £ LERBEITLL.

HLTa&S[3] @y 2 oM

FEEH ADWEOBIAY T 2 L=y 3 VRIS 2dIT, & 5ICAMI&IESE 6 EHEMON (6.34) KEATHL S, #
RIZOWTIEMG6E. 1 3 &HRE L,

T I RGEORANFABAEM T— R TELILITASD, GHRMEERA TS ESERIFELTHBILET
T, ERIE 2T - 3WEOBMAHAAL D VS NG, MEBIZTORDOOMMAELH AR UL, ZhsDFImD
WTHHEL TIHE 2\,
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i 8% B

2 RITRENZ AR OBERE

Z T2 F AR ROFMEEIED oD 70 7T L (FEIFEI—F) OMAHIZOWTHBIZENS,
UL FEABRRIIRD LS I2FE T 5 (5B 1.4.8 HizK),

0 0 0
u__o9w1_0owa (B.1)
ot ox oy
p Pz Py
Vg v2 + VgV
u=| * , Wi = Pz TP , Wo = p2 Y (B.2)
pvy ULV pvZ +p
e (e + p)vy (e +p)vy
ZITe= gqﬂ n Ll BRI ANE—EETH 5,
-

XD &S BRFIMET L YOTiAENF T — F2 6 2Rk N3 — RIZEZ B T LN TE 5,

1. 1ok /1% 3 — K (sound.c ZAWVS & X)) IZEWVWT, u, w D% (qmax) % 4 12X T,
DL E, q=3 OEHIIHZIE q=2 LA LIZT S, SFREERIEIMTE 2 ELSRWIETTH 5,
2. UL D BMNA y ITIET 5 u, w DIRITLEIERT,
ZDEE, MNEH y Il o2WTIE—Hk& UTER T2, MRIZMETEED SR\ I & 2R 5,
double uulgmax] [imax+1] [jmax+1];
double ww[gmax] [imax+1] [jmax+1];
[AY] ZorE, HiH j=0, j=jmax/2, j=jmax D 3EHTHAOL THS, ENBRUKRIZLS I L 2MRT 5,
3. UK wo IZHIET DS w2 ZMASD, ZDOLE, wwikwl EEENZD,
ww B wl EEEMZ, w2E2MZ5, 22T, w2 OMERETERERET S,
4. FEFBEOED % 2IRTD2BBEI v 7 X - Tz v N 7EORIZT 2,
(% 1 Bbs, 7ll+)
uh[ql [i]1 [j] = uulql [i1[j] - kapil*(wll[ql [i+1] [j1-w1lql [i]1[j1)
- kap2*(w2[ql [i] [j+1]1-w2[q] [1]1[j1);
(36 2 Bebl, BIET)
unlq] [11[j] = 0.5%(uulql [i][j] + uh([ql [i][j]
- kapl*(wilql [i] [j1-wilql [i-11[j1)
- kap2*(w2[ql [i] [j1-w2[ql [i1[j-11));
2T, WIS AT T AT kapl=dt*imax, kap2=dt*jmax £ § %,
5. calw T wl, w2 25B T2 L5129 2,
ZDrE, B w2 ZIMA 27T, wi, w2 DFERFPELLEFL RS T LWV, HIOHAELZEHERET S Z L 2RI 2,
6. calw NTwl, w2 DEtHEZ 2 ouitik hZE SRADRKBELZ DN (B.2) IZLHT 5,
UL, ZOLELEAEHOFELEHET 3T THD, MRLAVSHED,
7. BERSME (AR RE) 25,
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8. y HENIIE—RRFHHD D FLHETEE 0T 20I, y AEANDFHOFHEEITS,
ZDEE, IHEMNEEZ AT TE W,

[AV] ZZ7T, | BREA~THEHOTUT I LOLEETIHENERIILZEMOMRLE LD S LWIETTHS, beoTus
7 I (wave2.c) D1 % ‘datad’ L\WVWS 77 A MIZLTEWT, HIZZNEEELZTB T T LOHIFERD 7 7 1 )VHiHE
UTHEILzMENPORVPOSHEL L IV, (77 A IVDHIKOEEIE UNIX 05413 diff, Windows DBF&IE fc 2HW5,)
T, BEOSBFHOEAHETHHE j=0,1,2, -, jmax, i=0 & TIIIFERIFELDLSBRWETTH S, HH7 74 VHH
UThHdILr2MERL LS,
HLTHES[ 1] MpEEOYIaL—vay
Z 2 CTHEBRONIAZKEE 5 2 5,
p=1 (

czTor=\(e- 1)+ @y-1) THs,

PLEDFIET 2RTDOFMARNFA—RHRTED, ZOIT—FOPMRMEEZEZNEE 1 HETRUEZTIVE Y - ANV ARV
VRGN (1. 4) BESESERWKANEAITE 5, BNEANDZEHNTENE, LA ) —F1 5 —FLEMDF
HHIT5 L NTE D, WANBHIIE, 200 - 3 UOREURAE O MR A2 FA L7z,
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i #%C

4

ToXAROHEI 2L —>3ay

INETRIMARNDFARAZZZATE D, Tl - THBFTE AV N2 BERGDZ (MHD) 2 EFTAL
5, HERGEAIRENFZHERNEFALC LS, AREBEORE, EHROME, THVF-DREFELEHEIIOVWTDT 7
77— DEAZE IR DTH D, I I CTESIBIIMEGH TE 5 LW B MHD &ff (E+v xB =0, EZ&ESLD

X

Y, BIMEHREE) 2HVW5S, ARENIRFETIRO LS IZET 5,
ou_ _ow
ot Oz
P PU
PV pv2+p+ B?/2 — B2
PUy pPUzVy — By By
u= Pz ’ W= PULVz — B.B,
€ (e+p+ B*/2)v, — (v By + vy By +v.B.)B,
By —Bvy, + v, By
BZ _B$Uz + Usz

S 1 B2
::T,Buw%@k%é%ab,@Ix»#—ﬁﬁmezimﬁ+3—
WX —BEEL B LS NHIREINB DL T 5, filz1E, MKSA HARDREERE B* ¥ OBGIE o % EEDERE &

LTB=B*\/ig TH 5, FH& LIRITLLLTWVWEDT B, FEMHL %5, MHD OFHETIHRD & 5 2@ H 5,

+;%IT%%éMéohﬁb,BH2ﬁ@%I%

o I XX LIGOMEIER : TIVT R UM
MHD ® 70275 L% HWS LIS ZRDEISIZUTT VIR VIEOBIEHENTES, 22T, B,=1275,

0 = —

p=1
vy, =0

vy = Acos2mx
v, =0
p=20.9

B, = —Acos2nx

B,=0
ABRIRIETH %,
o RS
CRBRRIER X375 XY OB EAAT SIETH S, AIMERAHEROES 1T B L LW,

p=1
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Ve =0
vy =0
v, =0
p=20.9

B, = max(—sin 37z, 0)
B,=0

Z Z T Python TIZBIE max (2059 % AR ABIEUE max (BLF)) ZHW 5,

WEETF-oTELTUT I L3 T IRIEDOBER U PED T NETER, MARKTHEAWD DX 2706 (350 DB
RIZHW, ZZTTOT I L% 200t (3L) ICETHIRT S Z eV EZ 6N D,
2k5c MHD OFHETIIRD & 5 i@ R R 5,

o RV aARITa v
o /\—7— (Parker) N4 E M
o WHTDY v+ DIEE

SEZD7=HIZ 2156 MHD ARERZRLTEL, I CHBEO-OEE, RGOz KAk usiEdsde, mMOL5%
REARBRRICE TS, (Ui, 3UOLOBES INEHEL R FE AR THEIT NI ZTIEEL)
ou 8W1 8W2

oG o oy (G-1)

p POz pUy
PUg pv2+p+ B?/2 — B2 pUzvy — By By
pUy pUzvy — By By ,ovj +p+ B%/2 - B;
u= e wi=| (e+p+B*/2v,—(v-B)B, |, wa2=| (e+p+B?*/2)v,—(v-B)B,
B, 0 By 4 vy By
B, U By — vy By 0
B, v, B, vy B,
ZZT
2
e= gvz + % + 5
DT

p=(v—1) (6-2112—322)

ERDOSND, B, =B, =08, v,=0, B, =0DHED2RICOHRMEKLGRERNTRD,



