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U + Ux =0 | -O<X<bo  ochco
with (wihad condibion WX, 0) = Ue () .
The exact solution +o this egunhon s UOGt) = Uslx-£)
Pt is, & Solwhon that is trvanspwted o the right ot o
Consfank %PQ}«C’( (whichois £ tn this caee ).
Chavactenistics

The 'wcwdg' Fravels O«[G/V\% 'haracteristi s’ y L«fﬁzoﬁb are
Cuvves | Qinss o the X4 plane whew the solution sfays
Ceonstant oY inrease decrease % i W%L Ahat 15 tractable
fo Hie Tmbal condibion

TFov ’ﬂcw\SPOYJC equation, Lk Suppose Hhe c[manuh/m'ﬁ‘cg

ave (X)), 4) nam@l?r/ o cuvve s Pavarmetn zed by I
If we monrdor the change of Solobion W on chavactopstics

Fhak 15 %utxmt) = U X)) + Up -

Since W s & solwkion to the PDE, Wt lez0, f we take
Y (g =), thaw %M(x&),f):o\

This s Saying that along Fhe chavadtenstics A6 =tec
e solution Stays Constant,
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A p[o% o{? chavactenstics looks [ike Jr)afg

T{«uejﬁm, to defermine Hhe colubion. U ok (X, E), one W@;t
haeds +o traw bak Ahe chatterishcs and take the Same
Wralue 604 tHhe infersecho of charactenistics and initidd amdsin
(1=0). In this cose, WK FE)= U(-F,0) = Uol).
Exergise « (emsider Moz U+ Ux = £, —0Kx<oo, osces

with kel condifion Ue() . Determine the seltion W it)
s i terms of the inibal Condition
By locking o #he chavactenishis e can observe that fhe infrmeing
Comes rom that M%m&go“ to the y{%‘*‘ T/”‘kS '\‘“fﬂmm\m (s very
impovw‘wnﬁc m &ﬁwmm% Hhe l@@l‘«wm Joswwlcwg conelition. o
Vyo\ohz/ms with Fwite oQomaim) and 1A 1S e ssenhal for the
c’\@siaw o Com\?wfcdﬁom& Schemes.

To stort the nwmencd method, Let consider the
transport (’/%Lud'im Wit P@Modz«‘c lgownc‘/(cwg. Concj/f‘ﬁmg'/ e

Ut + Ux =0,  0<xsl, ot g

ond U0, t) = wllg) . ¥ telo, o0),
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P‘Yopwﬁzs o b L

@ §Lu&x 'S CoHS'JrMLJQ

@ SO( Wdx s constamt,

Proets S te + Ui <o, imalriply the whole egustion by %

twmd  we obtain  UUs + UUk=0 Inmgm@, over Lo 1] ooa
\ , l s g 2 |
SO /U.Mt&x T JO UMX - O @ ;é%/o /M/ dx-f— 7/{ ) ﬁo‘

By the peviedicty 40 4) = Wiot) for aff £

Thaandore %C— L‘ Wdx =0
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Exevise Prove @O

N wmen QcJ M ethod s

1\0 we Consider a 'Fulig discrete mathod | @0 haive o{(sweﬁgm‘m
s to use forward Ewler in fime, and contrd differenc
i Spact Tt denete the Sfodn‘a/Q J&@Wejgmm poits o be {78}
4=0,1M, where %p=0, Am=1 and %J—XJ":&AXJQDKJ\:)"’3M)
namedy o Wneform discretijanio with mesh s fax
We denote the time Q‘TWFS jog “n};w}: , cwwﬁ thae numencal
Soludiom That okwmx:mm[es W, ) by ’Mj) ot =0t

The noive Schome thus Can be written }99_

n + i W P
uu\' - W U - W @@
At A X
x



M prlmw\i e CLLQVQ/ sclume . Pesonbe 4 /oelww;‘or‘

Todee Uo (X)= Sin2mx.

igj&(g look ok amother mathod ., Consider the /Lopwx’;wﬂ mathod

At 4X

W= W - ek (f-ul) - @

2 X

Trduibively , his method  wses the binsed sfencf Tu o,

whboade s Wsing move the infomation From tHe Lft

Thot tnmphys tha property of e Qfuatioe that the infromatio

Comas from fhe Lefe | amel that s whe ik is called 'ufwmi’.
AnotHen mathod thak is stable  aa the vpuind mathod

s Lax- Frednchs method

n

C U e UL ) ek g
l/tj = z(ua+‘+uﬁ|) zotwjﬂ'“f\)- RO

k@%h S ome 0{ e mathods ave 9%@13];2 ond $oma a‘{z them ave
ok, frow cam we know, *ijk Cufvgoueas(‘s/ QQH&; are Stable
o wnstable 2 This con be dow ‘Hwﬁlb ’lif&/’"""ég‘t &M@J%”,

vo 1A% Nuwvumw /\ vwvtné;s

SLAPPOSQ, Hw SO\V\'/%\\G)V\, O’/{ HUZ, HWWD@Y\‘Ca/Q g(/[\.LVVl/Q. T
AR i L

Lknj = %’ 2 g , ’1{ WA "]Laio{ U= e hx GA '17[& i CLQ

Ccondation (VLO*‘LQ that W and X ove Vechy hotation fov

T3 and 300
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Swhstibeting this ik SMQ@% we get
o qkx: N B t (RX
% 6 ;) _ % e ‘BXJ . Zﬁx 34( L'EXJH — e‘ﬁa() ') .
Bg Ca,vtu?,ll{‘v\g_ CG’LM ovmcg C,‘t%XJ

Cone o btaine
3« |- (€™

- | - Zééi (24sinkox) = | —(2L cifha) @
1 we looked at Ahe form of ac (ﬁwﬁmj)

't can be

ceen easily that Ul = g™ = hg"hpe™ 0= 191" fucol.
So the magrihde of W changes alorg Fime . ond is determinecd
by the nom of 4 If 9] <4, Hhe solokion wifl o&u«g to 0 (larhe)

£ 1612t nom of 00 05 consbant, wd of fgl>] Fucton )
CVV\,& Hw §o[w§:m %oe; o ‘\”10’\“/‘\7@ Tie

+o instab: Ma
7/M]qu i

Qask case (g
VL [/UIH'L ?H’k,ﬁ nwmnw& So/wli)o’n, émmﬁ M/f
?/MJ& (s +o “P»&A/\é, ?} S

7 J ) Co VV@{/?:’VLV(S

i he &SWWA ScM'

g Vl
ZW@/ (gl :(\ + (ﬁ-’g S{nfwx) ) . So ho maften “Kaw gmall éi;‘s/
lf}\ 1S Qwvgw Fram i, W@, comn Cmc[%a&, Hud 5012,%1,@ m 52’{0

% wnstable

idg now look ot s’cw n 6%—@ n {/{’/’W#Lr/( scheme
§ = - 2L (&)

+
A X

|- ¢ (|- cos Rax + isinkex )

= 1= & (-1 2swdhag) + 1 @ sinded cos (o)

i 2 i X
= ([ = _Zi 2§m@fﬁé)> = 1 2 s\n(@ CoS(3 zsx)
= |- ‘:J‘ 25m% + A zsmgwsg

(%= k%) @
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(or )Mag)
EXQ«YO&SQ Skow % in E%@ ’vag 0. No Yy SVVLCL”Q/Y T 4 MLO&/Y‘

Certain Comstrant of 6t/
EX@VUSQ Pev}corm Ueﬂ /\/@umam &vwntﬁﬁS ore ia»c’]:ﬁu(h‘o/d Wﬂ"”/( (éz@)

Exervise  Joploment |oth wpwind and  Lax-Frediichs methods with
kial condibion Ux,0)= Sin (2TTx) o X elo, 1] with pevodic BC
Overlawy two solutions, anmd descnbe Y owr observating |

Exercise  Perform Trumcation evror omaly sis on wpwind and
Lox = Fredrchs mathods  Venfy the ordor of GcCuraty  obfained
Lrom Yowr mmlgs‘{s b;{ (mp,ﬂw\wt,‘mj bothe method oo 4o

exeradse

P)/QVW) us

\/DVL (\ ouomain AM[:’) Sty wses @& Fovqr{w am@ 55 Ouf?lomacﬁ +o Oumlg}g

S"(&%il(*\& e\c e Scluz/yu,\ TL\L 5'?&19%(7@ Caun OJSo be Wy ge_g( 'HWWJA—

Q/aek(w/é ot fhe /O[t‘swe*fe/ Wvg;t Fhot Confeé'/ml/w{é fo fo/'ulo(x

PMS(&%/ e Wanks  a mew‘adz Scjue,M to /Jreww{, or
oke,wmas')z W'rm @u‘n#w{ (7]0

Mcmasfu\j Heo erergy
B

The disovete versiom o]c Hhee @,mr% Com bhe wntten as

4 no\2
E" = %Wﬂ.
J:O

;&té take wraw;yw{ methed s an €><MVVJ?-)Q.,

+ (N

_ ~ _ Ot a0
u\) = u\) ® (?)( ( u) - [/(J_l )
M WLAr}p.Q)O{ both Siddes 19;

uj‘ﬂ, ond ure get
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0= (0 2ag-u)] [ - 50w
— ny* x Y h n o0 n *
= (MJ) - 255 ((uj) -Ujuf) f(f_f) (u-uy)
(85 -2)7 = L) - 22 ) vea gl +(8) (020w ()

Sum. the whole efuehon over § (ke 2 )

_hnt . y|1 N A B 2 f_,, " 22—_/' "
> (e ): [E7)- 22 B+ ) + 250" uf, — 20 ]

= kg”)l— 2\ (i—)\)(E"YT 2) (1-3) @ .5: u u},

= 2000 [EF T ]
>0 f A<a
Note that (E,): i_—l,{"(,gj >o because Z}M;L{JZ

J

< 5 [j17)3 nyz
ALY

ne\ > ny > h+| ) @(EW)L
Yo (E ) < (E) 5> BT sg” (ofu/reas;‘wj energy )

'EXQ/VCCSQ Imf){e/mwmt l/bjowivw( WH@@C{ O\/vui o(oS@’YWL JZMJ (mafé)
d .
ot %(L\\ﬂ (e/m, 9/?)

Exenuse Perform Ahe sam andysis For Lox-Fredachs mathod
VW%?( Your OWLCJ/%SiS ‘93 Wiewwa ik,
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