ngcﬂbohf cguualions.

POE | aun, v 2bu cu :C(x,ucg,u,u,,u%)

+

Xlé 'a‘a
_ . . i 4

//2/5 78 }Zg/ger'bojjc /}I 6 -acCc > O

/7%Pe rkolic problems are time-dependent, initial /bou/zdarg value problesmns
Classical example. Wave e?uat/on,

Y - 2
tr - C Uxx.

Given the /ni/itial! concdiérons wlx 0) = f(x)l (,%(x,o) = g(;c)/ on Y/
Lhe cxact solution IS given by pecr

/

ulxt) = ,g’[f(xw:z‘)f f(x-ci)] L j%[.ﬁ)dé
¥~ ct
(t’Alambert’'s Solution. )
v Jhe transport @?u_af/'aizf (o /s Z¢he vc/c)c/ég)
U, + @uy = O 5 wlxt) = filx-at)

5ur§€fj

MO e gc/&cra/.‘
U, *+ Wy * O

L, 1t al(xt,u)u, = O
. ﬁgéicm of e?u.a.t/'on.s !
- -
u, * Aw, =0 .//gpcrbo//'c ’F A Aas «
Full set of real ergenvalues
(can be split /nto a set of
transport e?uaffons.J
* Conservation Form
-
- 2 = 7
w, * (,C(u))x =0, & luy, w1

Lxampl/e I LeZt w = P I The c@e/?.s/z‘g of .Someih/'ﬂg.

Pe ¥ (f({l))x = 0 The totel mass of sit. /s
<z
fp(x,z)céx,
X1
M " > X X,
1 X
: Joeax + Flo)] = 0
% X7
o

174
) 2 x{[a(x,t)dx i f(fo)xfT - @l



z
Character/strics '’ 1 , P ) / /
* Uy Ty =0 //.-’-/' 7”:“/:--,%«;/ “/i////
wulx,0] = F(x) ) : _,—,’/'/—
wixt) = f(x-at) . h -
X -Gt : const,

The chrarcchterrstic s the .szfrar'g,éz.‘ line
and /n our case, the svolution Is constant a/orzg those,

/Tore %cnera./.'

Uy fa[)(,éJu.x = b[)(,é)
of Zhe OLE

Lel x(t;x, t,) be the solution
X0, x, 2,)

cx
ar S alxt), xt(¢t )= X,, +
A Bj
Let ar(t) = wlx{¢, %, t,), ¢)
be the solution w a./orz% Y.
T/leﬂ. (xoléo)
du Ax =x
at T Uy T Uyt gy
Tu, ralxtlu, = b (Xt x0y¢,), L) = b(t)
t
wlt) = wiet,) + fb(s)ces
¢, ~
wulx(t;x2,),¢) = wix, t,) + fbfs)ds_
s
L xample . ‘:\
U, b€ Twuy 2 O, ulx,0)=: F(x)
dx - X X Xo
Y at € 5 e - e >t -t
X
C cx = L€
e’e’e = ¢t
4 > x
0%,
X &y
Z e -e

T/zc characteristics Js Crucral

When 587.‘&‘/‘4% wpe bouno(ocrg cond tions

on O<x< / wix 0): F(x)

Uy, + awuy = O

Foaso P wlot) s, (2) (Mo BC on x=1)

a<o ! wllit) = p, (¢)



Whet abouwt .Sg.sl‘em.s N A=alsd
= 7‘_}
A’Xam,o/e_‘ w, = | c b w orn 0 S$x£/, +20
b o
Thrs sz.stcm can be rewrriten Wy =, e Uy, U7 Ly~ U,
/u;'}_, e, = O
A}e—,é * {ahbjfu‘z,x =0
b< e b>a
A A
//, \\\‘\a"b -7 .
ﬂl - r\\\/’,,
/’ ,’/’/ /:7// \\\\
//,”.:7’ .77 ath \\\
//’I/ . ~ 4
- 7 > | >
b) /
Wy (62) = g, () Wy lot) = g, (¢)
W}[Qé)-%,(f) /Ul(/,t):g,[f)

w, (o, )=, (¢) can be BC on boith Sides. Ana these
U, (o, ¢ = ¥, (¢t) chosen les to .sat/‘.s:"%
:frce/g

W, (0,2) ¢ w,(o,t) = g, (¢)
(1, ¢) -, (L) = ¢, (¢)

Skal/ow Water cguation’

wix,t)
-
Fleard jn o channel,
P_-' Lensity, constant,
LX) hejqht hix,z)
(X, 2): Vc/oc:'ér} . . >
/Ot’x,t)-‘/or-c's.s:x.rc X4 Xz X

r

Mass conser vation ! M
2

[x, x, ] = jp-/z(x,t)olx
){1

/Otel mass rn

oS

X, g
AL - -
iz xfto /z[xlé)dx = /U‘-(D'/Lx}:x - /U'p/z ) = xj(ﬂ/'ﬂ/’b)x el x

1 * 2 9

D A, * (whly = O

X4

ffomertiem

b
(mecss - velocs/ty ) fp'/z'ru’azx = P-/zrv'-rv’}
*q

%

h
(phordy + (phats plo= O, p= ipgh P feg gy iesh
? 4

g raov 'tation



(har)y o (nets ight)s o
/’té-/z/’ ’ /U;_/z :_(/U’h)x'h *ﬂft'ﬁ

(/Z(U')x((f' t ke vyt g'}‘&‘hx

Let zigh Sz, t(wi) =0

1o
fU’LLf(.L/v“fzjx:o



Numerical Schemes

[7octe / eguc«,bionf

w, + Ce, ,= 0,  ad>0 on O&x &)

IV wlx,0) = Flx)
BVI wlo,) = plt)

n

fix-at) X 7% at
Lxoct Solwtiorn! wlx &)= v, (£-2%) X <otk

NB! TArs /s an //BVvFP, Zime depern clent, So
the z,‘/z.eoa’rg from parabolic e?uaé/orz.s c,.f,o/c& !

corn -5/‘.sci-¢s'rJCc5r

Stability < Convergerce,

Forwearc 7n  rime ocnd Space !

] n ) "
): dtl./m ‘*‘;;CL dx l/m = O Courant number
ntl 2 y n n é
Um - Um T " [Um-n . Um ) = O PG p
n ot/ » T n
2 Um = (’/m - /D ((/m-f-/ - Um ) Consrstent,
. n LB X
Von Neumeann .sta.bf/;t%_: uv,, :fn@ et ,

X -/s(x,,,-rh,) n

T~ plgle’ i

Lﬁ"m)
f:/-/o.[e‘.ﬂk-/)_- (l-tp)-fJ'et'ﬂk /—\
o/

n+! t‘ﬁ;xm

gle gt

»
|

L
r

Stable orn/y ’f -/<&p SO0 which IS o}
Impossible I'¥ ad>o,

n<l n ’_t_’- n n
What ;¥ (- = U, ~ Ghr (L/m - U, ., )

f =/ - /D(/- GL/GA)

lgl €1 Jf O<p <
e Jlow poes Zhis Fit wi itk whet we frnow abouwt

our sol/utron
The characteristic has o

,”’ étag In the f’Cg/‘orL of
ot aZepe)zclc‘an.é.'
o / k Je 1 Ie
iR . E¢l s osajc
7 X
Y /<

Eeg/'orz of ofe,oendc/?.c%
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