3 WEROKK
8. 1 CFL&#
RTOFETIL, HEN TR
é%f+cé§f:0

0 _ g0
f::xO:f;:xO—C fx:x0+A5A£x:x0Ax (ZAt)

[1]

2]

DX HITE S L THAEfRE RO, 22T, 20X L TELNTEEMROMNEE %

Ex D, £ VIR =1,
S=R fyexplik(x—x,|]

[3]

DX P E G2l &, EOXDITHRZLT 208 ~5, 1120, f FEHTH

Do kKIFEETHY, FEROERTH D, A1 ICBIT S folEE

F= fyool e -olo—1)]

EB<, EEL, wl3ARIETHY ., EHTHD, ZDEX,

Sz =R foexplik Ax]
S ==K foexp|—ik Ax]
[ =R foexpl—iwAt]
[o=x, =R foexpliow At]

Thd, Znb%, Zob LimikEh KRN T D &
_CAt
X

exp|—iwAt]=expliw At]

Elrh, ZIZT,

r=exp|l—iwAt|

@mﬂ%Ax}@mﬂ—%Ax”

[4]

[5]

[6]

LB, riTdH DA DL ROGINZB T DL DEAER L TV D, [6]%[5]IC

RAT D &,

-1 CAt
’/‘_}/‘ —
X

(ﬁﬂ%Aﬂ—ﬁﬂ—%Aﬂ)

r2+CAt
X

f+20AtmﬁﬂkAxV—1=0
X

(mmhkAx}%mp}dkAxDr—IZO

PiRoD, [TE< &,

2 2
= —CAL in(k Ax) 41— CAL Gin? (k Ax]
Ax Ax
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LD,

ZZT, BITHELNT p DRERHMEZ TS, OMEIHED 1 L0 RKE W EMRITRER & &
HBICHKET 2O TEERMBTII R, DF 0, PLZETHDHT-OIZIE. r OHEIX 1
T ChRiTFNE b2y, £9, ReodbgntEuEioidE, 2F0

AL

1
Ax?

sin’(k A x)=0 [9]
DLE, HIC
=1 [10]

Thbd, LTEB->T, LI OTRIILE (L) Thd, —FH. BEohyREa,
2F Y

AL

1-=—="-sin’(k Ax)<0 [11]
Ax
DExE,
_ cAr . Al .,
=— szsm(kAx)iz\/ = sin’(kAx|—1
26,

2 2
|r|zCAtsin(kAx)1\/c AL Gin*(kAx)-1

Ax sz
ThbH, TIT,

AL
2

sin’(k A x)>1

Ax
EEETDHE, HTDIHLTDIED BRALSA.
lr|>1 [12]
THO., P RLEETHDLENDLND, LTEN-T, MRZETHDHT-DITiE, [8]D
REOFENREo F-FE, 2F 0
NYs
Ax’

AL
2

1 sin’(k A x)=0

.2
sin“lkAx)<1 13
Alsin’ (e ax) (131

TSR T IR LRV, TR_RTD L IZHOWT, [I13]35 Y S 7= DI,
2 2
¢ At <1
Ax’

At=tax [14]
C
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T HEND DL, T, Wy ORFEEREDS, BEDE FRRZEET 201200 %
i L 0 /S 2T LRI 2R LTS, 20X ) 7354 CF LEH
(Courant-Friedrichs-Lewy condition) &9, CFL &3O L EMED =D DFEMTH 5,

B3l WwEHEXNORERE, V—TF 70y JEORDVICHA T —{EE2H - TR
DG EITHONWT, MOEZEMNE i X,

R 3.2 AMmELEA (B 1EDOB) OKEffe 4 A7 kL) —77ny ZikEflio
TROTHEICHONWT, TN, BOLENZ G L

3. 2 FHEE—F

Bedh RN, NARHE ¢ TIRIET 288 ( f=R Fel™ =g fela)) 1200z
IZFfD, Lo T, BB VT,
r=exp|—iwAt|=exp|—ikc At|=—isinlkc At)+cos (ke At) [15]
MRV SED, L, BIEMIZB DT, BRI L DI, rid 2 DDA FD,
BUZBWT, Ax & AP+ EL, kAx<] . keAt< ] ETHUL
sin(0)~0 (01 )
ZHWT,

AL

2
X

= sin’(k A x)

Axt isin(kAx)i\/l—

Ax 2

=—ike At=\1—(ke At)

~—jsin)kcAt)+=V1—sin’(kc At)

=—isin(kcAt)*cos(kc At)
b, D6 EDIE) ZRALGAEITE LN ORI, BEMNSNNRT 5006,
BEOWEEBRIGT D EBEZLND, LML, BE5DIHTFDIE) ZBATLEAIELN
DIEIT. BREMRIISIICITNORE T, BLEOKE L IXFE 7L< MO THLHEEZXBND,
DXL EDFRAZOME L TUIMFELBRWIZH 2 0b b3, BEdE L. AT
DE—FBBNDEZ EBZH D, Z xR E— F(computational mode) &V 9, ZALITxF L
T, BLEOWEICKHIGE LI-E— REPHT— RE V), SEOFRETBROFOEA. |l
DT CFL &b % 7= & 7p 0 & ZZHN TR LZE L, HHEE— FIZxE LTV 5D,
P, FHRE— RO IO ENE & IXEHEITIIRIGE T, CFL &% &7 LT T
INEETH>TH, fHHEE—NIMFELI D EIHEET S,

CAYL . AL 2
~— kAx)Et41— kA
ilkAx] J A, KAl [16]
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.60

.60

kx/21T
e —F (L) &EEE—F (F) Ofl

3. 3 BPELEK
Z ZTlE. CFL &Mz SNELEEDMET-N TV D (o 17FEE) LV

VHRED Y L

T, YT — FORMELATT 5, WENOSBBIRAIT, BEMRICB O T

w=ck
Thbd, —FH., BEMBIBN T, WEE— FOMRIL, [8]L V.
__cAt Y.
r= isin(k Ax)+ \/l e sin’ (k A x|

=Y, ZZT,
r=exp|—iwAt|=—isin (w At |+ cos(w At)

X AWNS I g =
—isin(wA¢)++/1—sin’ (wA t)=—

LD, MAZHKT 5 &
sin(ouAt)zCAt
x

2 2
At isin(kAx)—i-\/l—c Ai sin’(k A x)
X Ax

sin (kA x)

PIFOND, 1712 w & w, LB EL we=ck 12075

. [w cAt cAt
sin|—
w, Ax X

sin(k Ax)

kAx):
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[17]

[18]

[19]



[20]

X

D, TORITRLIZ XL 512, BEfRIZER T 208 ERAUL, BEMICI I 2 5 iR
N F—E LR, SEIOREENFFEOF TIL, BEM I TIAAEE PRI LB
T—E CThHIENBIEREN R L U TR LI, BRI I TR 23 3 5
Ko TEIL L, B ELCTWD, BUEMEONAEE TR L D BB . FHEDRE W
EEENPREL > TWVD, TO XD ITEMEFE LA U 5 /T ooz BiES
(numerical dispersion) & W9, b & DIFEES HEN ETIX—EDOR 2 k> Tk T 5%
FFOWEI Th->Th, BUEFEDIZB W TIEEDHUZ L > TIRA ICTE 2R R binfk L
TV, ATOEDOWEN T RRAOEEMROHI T, WEIARROBITMO IR L TWD DI
BUE T D,

= =1 50 1.00
RENEK w=ck
0.75 -
R R
E
= 050
g
'
© Tl
0.25 ————
HiEfE
0.00
0.00 0.25 0.50 0.75 1.00
KAX / 11 RE

Wi L BB 4> B R <Z—Axf=o.s DY)

oAb SN TR TR MO BIERE D T2 720 OFRMERFI L TE 7, Ax—0,
At—0 & LTz &, 2o iR oOES DM TP O IINRT HMEED Z L%
— R’ (consistency) &\ 9, —EPEIEIES HEXZO L OO EMIEICET &M TH D,
F7o. ETCFLA&ME L TR LIZE S 7, REEMPAELWHEED Z L 2 REH
(stability) L VN9, EHIZ, Ax—0. Ar—0 & L& & BN RERIZ—ET 2 E
D Z & Y (convergence) & V5, 2 H AN HREKUCPORT 5006 Lo T
BN BB IR T D C IR 5200 T, —BWHERH > THMT LS IRMEDRGE S
D DT TR,
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