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Lecture 12: Chap. 16, § 16.2 — .6; Chap. 17, § 17.1 — § 17.9
L e 2 g £ 0B L
L ot 250 75 R0, e 8 T AR 0 o R £ 1

f'(q) A3 BRI 45 ) SR A7 R 1 — L5 I X

o A HRFEAART, W o tH I B BE AN 2 Lax-J5 2614 (RI
p- IR A% m — p+ 1 RRHEZ MM, p IRAFEL A
M NAZ ) LR, 4 WEIR H 48 (undercompressive)
A 48 (overcompressive) W, BIVEE N O R)ERFE 2R R
M DT T m+ 13X 45 A B Bt 15 R R . 5
A, M LA ST HEBCB R R — R 1Y, 22 45 TSR Sk TR A

FATIE L LA a7 B 5] 5 R ATT 2D AR — T oA i — R PR X




Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: . 16, § 16. .6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap 16, § 16.2 § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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.6; Chap. 17, §17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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§ 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 1 , §16.2— §16.6; Chap. 17, §17.1 —§ 17.9
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§16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
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E 20 H (1) KOXHR- RN T R IE S TN exp(— At(T0x + B)).
I 3 M THEERRITTE, g (B, TR E ) ATRexE T
TR, BRI — M e E m P A R RS A TR A

4 YRR WY, — MR FEANTE R N AZ AT X - e B T FE )
AR R AR A A TN R 2.

SE 5 RFERLENL T, (T TR 8 W ERRR R ©
RIERBAEHET 2RI 7 R R HE 4 R AR st
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9

L;Yﬁ”ﬁhfiﬂ’] ¥ —— PR 46 (fractional-step methods or operator-splitting methods)

x-S N5 R S HABUE 5 —— 3 3R BTT ik 3B ik

BXT- R THE g + Tgx = —Bq, (T >0, B> 0 NHEE) 75A
P AN 1]

M@ A: g+ gy =0, 5T N exp(—uAtdy);

@ B: g = —pq, RS TN exp(—BAL).

BRI, BmRE A A, B TR, o lE R T
exp(—0Atdy) Flexp(—BAt) HIFHASF [l #. 440

oAt
ASB (RE—BHERMER):  QF = Q" — ”—(Q” n L)
B-b (RMMmTEAMR): Q! = QF — BALQ;.

A ULETRE A, B HIHE T2 exp(—uAtdy) - exp(—BAL)
LT R A R R F T exp(—At(T0x + B)). —BRRT M Bl 5T
IR (Z)) FT IR IR ST I N R T R TT .
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Lecture 12: Chap 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9

AR )5 4y b (fractional-step methods or operator-splitting methods)

meﬁ“ﬁﬁ& LHUE TR —— D RTTi: b

DA A 2R D 25 50k 200N (el 4 B— R 22 4 i K (17.9))
n+1 __ n UAt n n n UBAt2 n__ n
QI =Q — (Q L) - AtBQ + Ax (Qf 1)
ﬁ%gﬁﬁizmmgﬁ‘* B =

W AE A-2P R Lax-Wendroff #% 205 kg =X, £ B-2b X HM
2% Runge-Kutta J7i%% Iy ik, T 75 31 5 1] R0 0 e 2
Rk R

E: EM T, B ARERERE, BIE A, B WP ERR A M,
H PR TR R A — B, Bl RBTTETRE = 5 A 2R
RE.
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L p gt —— ST R TR T AT A 5 A R

T IR AT ) AT A S O AR

° Xn, B> 0 BRI, FHEA, B KIMHE T & n] 5,
Rl exp(—0Atdy) - exp(—BAt) = exp(—SAL) - exp(—uAtdy).

o I b, X TAEA WML q(x), 755 W iF e al & A, 4R )5 LA
153 RN HIE TR B, 13 g(x, t) = exp(—Bt)q(x — Ot).
(W.p.381, ZE=. UUER)

o T FEIREMIVIE q(x), 255 W iiF o i B, SR 5 LA H ()
RNYIE TR R A, [FRES q(x, t) = exp(—Bt)q(x — Tt).
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L p gt —— ST R TR T AT A 5 A R

T IR AT ) AT A S O AR

o XUiH, T, B> 0 BINHHS, I (1) Jo B FFRA;
(2) SFeXHEF I (3) SISO [ 53R4T, 45 SR A2 R AR Y.
PERIE AR B R A etk S B0 5 A i A B AT S et
(W.p382 K17.1)

o M, B> 0 HNEEN, TIHEB MEE T exp(—BAL) 52
fif# ) Taylor RIFRME I (W (17.25)); M+ 0 & A 1)
R T exp(—uAtdy) WRTEM Taylor @ T =M H:Al |
¥ 0 B —u0x R EINE TIERX (W (17.24)).
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L p gt —— ST R TR T AT A 5 A R

T IR AT ) AT A S O AR

o UL EFIM Taylor JEJT A M B A — ik, 7T LA RIS
T HIAT A

o fAltn, 4 B(x) & x [MERERS, 25 5 Kk
exp(—UAtdy)-exp(—L(x)At) # exp(—S(x)At)-exp(—uAtdy).

H |, HU%E%FB%T%F%FE%IF?Z% U RE
Yoo, CATE SN | clol(B(x)) 8k,

o —MUFAT, B (1) eI, (2) SeX il AL, (3)
XPUA S N R B3E4T, R A 5. BV EA ATt &k sk
WREJ5HE L B2 MR T A AT etk (Mp384 &117.2) =




Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9

LJFfiMihsz‘J SR AR — B R Godunov 4058V A R 2

2 I R IR — OB AU Ly R =2

o HIEU q: = (A + B)qg MLIMER R MM TIE, A,
B ART x MO HT. A, %A B AT ¢

o TRH g = (A+B)ge = (A+ B)?q, --- dig=(A+ BYg.
o HI K q(x, At) KT At 1£0 £ Taylor BIF15

o0

At
q(x, At) Z 3{q (x,0) Z—I A+BY q(x,0) =2 ATB) g(x, 0).
=0

o ¥k, MR qr = Aq 13 q*(x, At) = e2t4q(x,0); FifE
gt :Bq ?%l: q**(X,At) _ eAtB *(X,At) _ eAtB AtA (X’ 0)

o [AlMt, BA LA AE — A = AR I Rk ZE N
q(X,At) _ q**(x, At) _ (eAt(.A+B) _ eAtBeAtA)q(x, 0)_
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9

LJFfiMihsz‘J % —— SRk 4B — AR Godunov 43840k B4y

Lt 1) jL I3 2R I — o AR %z
Ji&

o ks g**(x, At) Fl g(x, At) Taylor

VAR

g™ (x, At) = </+AtB+ATtB2> (I+At.A+ A2> q(x,0)+0(A)

2
= (I+At(A+B)+ATt(A2+2B.A+Bz)>q(x,O)+O(At3).
N 2 3
g(x, At) = (I+At(A+B)+T(A +AB+BA+B ))q(x, 0)+0(At3).

o [Hith, BA 431 (XHR Godunov 73 %i%) M RARZE N

q(x, At) — g (x, At) = A (AB BA)q(x,0) + O(At3).
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L SPaper R —— SRtk D AMB 10— TR Godunov 43Tk B St /M BLiR 2

LA R L B IR — O A A AR =

o HIMLAN, MUH T AB — BA#0, HIE T A, B ANA]ZHRIT,
Godunov VLR AP &= E— N I IR E.

o MAUXHT AB—BA =0, IET A B o] B, Sk
Godunov 73 ZVEAN A 4y B R 2

5 1: X A= —1u0x, B= -3 (%iﬁ) ABq = BAq = t8qx. I,
AH L 7] B Godunov 73345 EA iR 2.

5l 2. X A= —udy, B=—p(x). ABq—BAq = uf'(x)q. KL,
Godunov 73 281K 73 Rk ZE N ATtQE’ﬁ,(X)CI(Xa 0) + O(AF?).

I L ST AB — BA #£ 0 B, HFORZEEG AR P A4
O(At?) HIRZE. FLA, LA g b 3 0 BE 44N -1 1) AR FH s by
BEE R (LB EMR), BARRZETRIARZ K. 3
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L SPaper R —— SRtk D AMB 10— TR Godunov 43Tk B St /M BLiR 2

2 I R IR — OB AU Ly R =2

E 20 LB R T Taylor FEIT, BILACER] TG M. 958
R R, A TR T, BRSO A SR A R REA

X 30 AT5iH, SR R, SRR — 2R A S
R 7> R T, R SR Z 787 MBS SO (7 R L8l Pt &5
Rl 2% G, Bl TS5 1) TAF).

E 4 BRBRE, XM, Godunov 73 BEEBUE AR AL brks
JE— MR A _BIAR) T Fy. X R BTl A ek ) A
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Lecture 12: Chap 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
“ A

Strang 73341k R H oy 2R %

Strang 735 M H SRz

Strang %t Godunov 7} Z4EIRH T LN U )7 & BEANINRE B =
AN
ZEs A g(x,t) = e22tq(x, 0);
B-#6  q**(x,t) = eAtBg*(x, At);
A g (x, 1) = 2B (x,0)

o HE M Taylor BIFAXEIRE
exp <1At¢4> exp (AtB) exp (lAt.A>
</+At(A+B) (A2+AB+BA+BZ)) q(x,0)+0(AL3).

o HILATRS T IR, Strang A ELEIIAELE K O(ALS).
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L spastor Ao —— Strang A RIS

Strang 73 Z47E T ALSEELE 20

1 (e%AtAeAtBe%AtA)” — o AtALAB (AtAAB) 1L FALA
Eb#: Godunov 7324V n 2D H T (eAtAeAtB)n, F1 Strang 773
5 Godunov AKX B/ TRIFRITA T —4> e84,
MEHZ T —A e2®tA. ik, A Godunov 4241k Ak
WEAR FA .

AP g (x 1) = 2B Bq(x, 0 L
XS g™ (x, 1) = eABeAtAG(x. AL). M & T
K 2A¢t 1 Strang 73245, DRk, BARRZEAR EHE

7 3: 5 Strang 73245400 AN 2RI [P T8 A — A 42 [H]
KA, L EJTEARR RS RSP A2, it
J& B BT R AN BUIC. AENIE R ZHAE L, J5 38 00 2509 73 I (]
AR ILEE, Boxt i Ar 80P SEEOP I EB AR (= &
Bk s R, HAR P KAE TR F Rl .

F 2
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lttt iy T e
Lq:@ﬂi}jfiﬂﬂﬁ#ii Godunov /3% MStrang 432415 (1047 5

Godunov 73 24VEAN Strang 73 2VER I FE

PLE#r 3R, RSN DK 46 T, B B s /AN
Godunov 73 3#V% Y Strang 73345 —HEBEA AR RLR 2.
Kk, 75 Lax-Wendroff #%z0F1 2 — i Runge-Kutta #% :\HC &
{5 R, BAERE B % #02 —F .

L8 X BT FEYME R, KA 5=1, B(x) =1— x, ¥IMER
BifE= 0.25 Wm A s WUEEPK Ax = 0.02, 72732451
S N5 H R FH P 2 — B Runge-Kuttatg =X (.p388 #117.5).

K 17.3 LU THE t = 0.5 Ab, Strang 43247543 I C & 3100 KUk =X

F1 Lax-Wendroff ¥z, PLA Godunov 73Z47E AL & Lax-Wendroff
M, X =R VE S UE R L.

SR BIR, PIFh > Z8EAE R & Lax-Wendroff & 2 (1 2B K FE 1Y
FIE & s BB AT Strang 70 ZEMAC &30 KUK SR BUE RS T . o
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L P ape i iR —— R ODE fi s vk Bt 1F135 K fy i i

S5 H ODE HUfE 75 i KB Ta) 25 K ) e BY

ODE H{E J7 ke B i J LA .
o JTiH [ ODE B 7 ik MiiZ 2/ A — A L.

o ~MAREM Z BTk QF £ Q" AR A — Wi e (1
xR I RE) /2, T b1 25 (AL 5 A T3 R

o 3\ Runge-Kutta 775 & A K & . (H— & Ly = i /)4
KN ZRe TR U A% SRS E V. 00 A ] SR F 480/ N R B ] 25
KAt/NHHN S Q13 Q1

o 34 ODE &7 2RITER, A NER MR, WnkkE A
o YR b T (UL PE) B, Rz R R ks 5
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L spgamiiefm: — sRoEdm

T3 IR RE H AR ] e 2 18 2SS R X

T3 oA SR E R T Re 2 B S IR XE (Wp.391 §17.8).

o HIWIX} q; + tgx = —Bq, # q: = 0, W'H tgx = —Bq. (HAD
SOVEBAE AR AT 0 ) F 52 A RTH .
o btk i, 1EN—MIERE, —BBEIFA .

o HIZM R EH AR, A IR RE H ILAE E W B TR (H AN
SHIIEOL, FEA AR5 1 e IR 1) 2% 1) v 29 e e =X
frF (0 p.393, 26%).

o M iBiaREH iR, A IS A I BT A A I 18] 25 K Ul A
AT S AN [ PO 80 fEL 5 5 (AL p.393, 3EX).




Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9
Lt i
L S api i —— S A R A b

2wt NpuR TS S AR L

2 FE - IR N FEIAE 1R (T > 0):
g +Ugx = —fq, x€(0,1),t>0,
q9(x,0) = q(x),  x€(0,1),
q(0, t) = go(t), t > 0.

o ML g(x) = e B/0x, go(t) = 1. MAEN q(x, t) = e~ B/,

° Eﬁ;\*iﬂﬂ%ﬁﬁ Godunov 73347, B Ax = 1/N, At = Ax.
MAE QF=QM | 45X ITIE ¢ + Ugx =0 KIKEHAIME. BE
Qtl=e BAfQ* 45 ODE q; = —Bq WIME Il @RS R k.

o HITENHIRE, HYMEREICFIME, #iEREE M
Wi 26, WL QPFE = e PAIQN | A HIR q(x, ti1)
= e~ (B/T)x (ks wf e P-4 H. =
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Lecture 12: Chap. 16, § 16.2 — § 16.6; Chap. 17, § 17.1 — § 17.9

L%@@nﬁm % S35 P B AR A A

2wt NpuR TS S AR L

o M —HITTHHAE

[ e 7] _ 1
L o—(B/E)x —(B/0)AX _ 1Y —1_2(3/m 2
X/ dx = -3 X( 1)=1 2(6/u)Ax+O(Ax ).

o HRBUAA KM QF = go(tn) =1, WA
QM = e7PAt — o~(B/DAX — 1 _ (8/T)Ax 4+ O(AX3).
o HEHIURKMI Q) = 55 (eP/DAx—1),

nl _ —BAton _ _ U _(8/m)ax _
Ql € Q0 BAX(e 1)’

3 5 BLAR I 55— BT E R R A 2%
E T4 g (0, t) =Pt go(t), QY = 2 ,_f"ﬂq (0,7)dn
S R Q) = 8% go(t, + 22).
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{EMl: 165, 17.1,17.4

Thank You!
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