INFORMATIQUE APPLIQUEE AU CALCUL SCIENTIFIQUE

CouRrs 11

Retour a I’équilibre

1) Introduction aux systémes dynamiques
2) Schéma d’Euler explicite

3) Stabilité

4) Schéma d’Euler rétrograde

5) Schéma de Crank-Nicolson

6) Schéma de Heun (exercice)

Frangois Dubois, janvier 2005, édition 03 aotit 2006, 16 pages.




Thes(h) lh Rehrwr & 1,’&’%2&9_1

@ ijm/ﬁ«wy@n' aun mzﬂflpfw% W’T&. |
o Nows admmodows Lo Arvhtvne  gutionlalion’ de co cous
dn“ A= QW - (_p,&,vwa— .%otumq‘wgyv{/u
L itade oF Lapprorxunokio. o donctin |
ult) o Bapo ECR g donk dobdinn, d'dgpa-
Row, %Me@%/ ﬂMD-ngsM-; A s damane., "a(q,u,w; loo
Aanax de Veadime Arnoldl 3 Moscow Apne Yoo amnde,
how d'owlufien  gle wakiine al«{/{c;euﬂt‘,a@z ﬁr\u Aok
— *
(1) WA = 1

AW fon ATl Ae Aehgurr o L -~




AP/W:

o) ‘%)t*-f-—’{i[—wwo ;) €2

’ Cv%/\%n & 15\2’ "(“““33 WW&—*;.@;

Q{MWQ/ %:-—-U’/T ZQ, &/{&W

Y = ull) dohuien Mdma fpowr Lot
(Q g %(to)"l‘ L (by) (1— t, )

e vl

o tER
d’IMJ" Dows Lo cas fpashinber

W;')U:O :&W“Wramua{,o_/{m
WM&«M(&) y
ola. nefbion () p'deik R

: (‘) M= éL(/LE..) FR.

LN

OI . —Cc\fb(_'_;
W%wmw &,

| Uy,

VAN M/V aeori st ﬂ”WM& O{%WL{[{’)
/W/rwﬂf AU ok JC>o

L it ol o WW

o Do M\@w@\% N Qoo 1 WMM
M’/ 2o ) o 2
\\VW%GWH N MLL,W ,




o Lecpaten )+ & e 2bodt condBmEs s
A g M‘iil%ze& sty v tochu-

oM A B dows La -%mmz_

»@eg\()am‘;c K)o/' an -W'W}C'}O/ J,ogk

Ao g pndewlle " Jdo Wuy Ho Wombano 422

(9 &%I%M}-E-_&: Lg ik, £ ER
)] = KT oL ) gl C= e
m” u’(,Lt’)>o/ C= }f\/fauv wlt) <o, en e de
o )' 0 .

diNTmmnag & € alole ole ;
B, sordiion wutiole Q) ek C=a doure shidfrcul

() = ac™ o

ot “don comnihidat" oy wsbousie 4 m
- ] { m k/gr - d( _—
| m mm‘mj [3) .

[q) ok de Lo

&
>
R
£
C
g




a
_tc
oit) = e.e
e
o 'c'\n3 o ()

% foiod wft) do b calofion (16) e (Curtia”
a,fk %\GJMQQ NWWW& -

fooor e M I M”V‘*W ﬁM%[a)
ow Ay df e \./IW‘ Sodburen qu’ om & tan Lo
we pobtien eF  de /p«&M e Y% JE’A-/M

e “w W -é‘/\.l?{b\d_ﬂb Ovn V{’/m
quﬁ"v(t M\’/«g}w o () f,/: AWQL‘W
%’;—= %_ :-ﬂﬁv(tf)wﬁu&mw(t(]
24V jati Bw o amdh (o A (10);
Vo) = &402'; bty [CWWMHj

. dewwu/fww noans B gt /&Ww
e & A olafon (10) e/r b
M mamm%mw@ Toun~




éwwloaw /ﬂﬂ/)%\r ML
/ﬂofwéwa&z

g e M gy

C“) xlt) = wlt) e bl

oy Ju:'7/o ..

o ot glundor Aono %w«m b Ao ves

e A gk x(v) .

M _ aﬁu o tlc —{-Mﬁt’) L

-==<0'** ¥E

| -——0% %ult’)w’\’ go@u/lxgn o&(u)
d//km'% e gma él/wﬂf_e. /Zq

MWMI?‘%/ ﬁj«% ;vaum
a:l—;"R Yol MMV&@MMBZQ a,&uaca(ﬁ'

%«wwum edY ww@wﬁ br;xauw

Cll) _5%_ =0 %’ > (x[w — condlife

T xble dene e condlowtc C 4o 0 e 4

’tM t &R x[ﬂMMW%ﬂ&

a C:
(B) 3ceR e | e -

WA”WWM %M oo (13)
Cgva&a,/&mm Wﬁﬂ-—e& [cl) LTW%Q“[F?::
wi)=aeTT  adigdarement |

)




o Gon g A Aupliite du _peblome (4)R2)ek |
2 B conmosdaute Ao A ofon ten pontuliille
Moo avomo erd Tt e Ackifien,  wit) de
(4)3) 951( woxs OV dnoidie czv«p.“craﬂr b gende. .
Lo r&ilion eiv 8@2\»&25& Woovewe de Guchy
L{Mﬁg e T GuL A o couhddeve /E’e. ?:mm

Nlome  (NR) are e %"*\DF?V\ one. vels
:ﬁ R—=R ot mements gon
(pown *gix%-ﬁﬂ z&a&a;w)’ oo el T o

de A Epakiom m%mﬁu& covole "

e e it

(D) Schimar ' Eulir oqlie

o Nowo WD ML Commn ol '6&{9%063‘“\,
W o algoiune Aianst) aimn chowa  pusmmirasginl,
Nows wows demnvons A wlzoradle w_/'(Ew,a &t—/



<

o pebloons, devoludon | Luidiw |
. potifion bupbiee. MWMKW
e oppecher )
1) wt o ,u,(té‘) ) )-en\/ ;
A *?/A“ /fa.v&»wame /r,wov\ "}Wji,o.“,
mﬁ e /{)ﬂ.m e (L)R) o Aus .
_’cfm/l;(:;tf} JAF Qﬁgw%%ﬂ-ww |
s okl oL v s s o,
@ dp _wamnie F oo
!@(ﬁwdx Al s gvdunoABan e &

o dAde & 2 Paome eV o e
w.—m“m g e 15y
1%/};.. Nowes k8o omo

&Mm%

() w[B") = u[w )+ At (ﬂw)m ) +0mt")
Nows Mﬁm *6’( -t



du (¢4 ) = — t") Nows mewﬂlm&ww :

auj @‘{W./RWMWO{L

/'W pon Ao Aol ach o&%‘éarm,(xem
(4):

(n wd") = </l ) w () + Ot ®) .
cﬁj&wm,df%&aaq&%E(ﬁwwmeﬁ&u%)
couif % qum/fwm Wwﬂ/ﬁf_&w
u,tm} o /\wwpw&wu %LK} Aon a/”\wxwwa}%n

AN | /@2,/&9-/[1, M‘*VOM

O\»MM 2 Mea 2

MM /s .&,W Aegalhl mFﬁ'ye
alod Ao (1Y) orec CWMM&.@«L

(19) ot = (1- At)w Jem,,,/o

¢ & mn(lé)wmd&m)u& i
j(xplm qw@wM L&'\&%&rmﬂ mﬁfﬁ%
W hotniiont o 2o

(19) W= wle)= o (¢ ().
B) Skt
o wa WQW&MOO)WE@

/@L 0“’{“‘””"’“ mu lw A st vecs
u,[KJ W/ G;ér/lf 4 W

e /L’ " gé} aw me
w&m AL _koame /lee madlile Aok U@[l?j,




| | | 5
Gty Ao NBo on flro 45 2 bt A N
fouaon 200 AL Anashde (A Yadownr gl tug et )

-

v i v lon 11l . G b
ABeSosnd” i frsncn 2 ol

(&) A<t

Con g owdlition udeedoume dwr A —fanr ole
foufps B (Duge A b Mgpoihisn o Lkl
G o pwedile Alswst (1)(19) e pn =SV ol
' ol /\E/M—&v\, @p)ﬂ'&%-&‘ccté WQ‘%‘»C«%

o woms amows 1< | — _A_._E(;_q/ Py

(\) 0 < L < 2T
A Tyo . Nows ftmews % Ao
WA‘t ook %%ﬁ ﬁ‘aﬁm




o @Llwmy wudbs {%wé n A2 oo o
MWLwﬁwwﬂﬂ,&Q¢J1i_4@J@:dl%humwmé. |
Ao gpodibarme Ao altt) . do mtedion (o)
AWWQMM/c%Q uUﬁ)WQ ' 2;&%»@@ oo
Fipe A C}‘olrioalf Qos oAl wbhits . 22
Wmumwm QA o Ax

——

Ué@i —WML“&WANJMQ/WMé&UW&“‘&Y‘
b alifio, (8) Aok oud <'¢oue
(2) Wl = q-eE  sav .

M =/

b ek N wd e W el { 4
L s S o o po
o —_ AF

jigﬁ— G comolifiow  wugporr alone | = >°,

k3 O LT -

C Jowili & _h akeen (1) e oo A @ "ab?-
(1) o< At § T .
(MH}@wmw@E $wv%%JWb<MMHWRJ&IQM%
_Vwm \wmtf?&u&ué C%uﬁdﬁﬁé_QWL
,&,ﬂwdzg oo efe oy _dowo T2 Mo
A wndiNion A ol Gt !




] y, 0o
@ SOP\QLW\OL A Bl wﬁlar\mo{g ?
o Nor powons S0 dign du ssrilih do AtH

(H) . Ao g!,oa/vwovu, (4) e ol df au rchowr o

Hopilin ) or gomdsn o coudBunde oo Tungo =
A ooV i Aoe o T AY G Ve fe o
| df/wﬂrnw w(t) Wd.u. Aos A vomt e { -Mt-)f
o g o e SR Aou malialle o priovi
09 W)= W6 at) = ulF") —at Q(E7) +O/BE]

W' M?Q)mm %“F r/vw do. Voo auec Clel.

oo
- | fe A S N ,J/&‘sn' _ , 2
f6)  wle?) =1+ AL Yu(H") £ 0 (A7)

e wlE8) porr a9 ot % ok Lo
M%AH/) . Njir/ﬁwww
S BV,
W — ” S
(2%0) A w0

Aov A\ f — b L -



o Jowl o ’&LWMAQV\. MMQ@), 3 /Li.

,uuzalﬂa, WW Aot eN W)Mﬁow,, A Al
4
‘gz@wxb d?_ Mﬂ/_l:&?l.t Vb«.ﬁmm ow«/’.,«.w-;

Apars Jmmhww Jo, L o gpma
At>o:

( At = 4 . |
28) 70 >O</[+AL7’C <4
& waperliuond qpobiladdf mw)momﬁmw_
LQT)@NQ,KM ovmd. apa doit”
At>e . ..Jro»t(u)w EAAWD&(}/’M

M«&Mv\ M«&M%wwwm 2/ Ao_
Wuwwmw mmm@@w

W/ , ANAY Al %aem,«,& Ao
3 /]/we—w,gﬁm o

NMMW O{/Ll) Amatﬁ
@MW ﬁu'LQ

- WW QTM& T A2
cj:\WoUM /w\ hﬁéwwu
A Mwﬂbﬁe (2_ppoink m/&m o e cound

@So@\ﬁm A M wt\LQ'&D‘V\/

o Lopdnenn WWM %o
M'\j‘;&w A BaZe ¢ Dnolie, WM




S picis E Lok d o freTor
on Adwipe L mltrolle [o;T) ew N= T b
ol Yawler N el fixe! ow a@ﬁuuu&
MCNN:)x w () W dbeses volumd Ao NV et

e

L;w) £y = ) ULN---LL(T)I , A[j—._—.__'/_\_/t

N7 *jwmmmﬂw N. Jw-@cww pmane

Ak on

(%) o &y 2 G _HegN, VEN

 Gol widlape. qwm_-@um de At, on o ;

(7)) a=g, = C &b , b6=Thy -
Quer s pook plo. AL @Gl i L . Pourclll




‘ ) a4
N Aa/ww% 4 %mmla. A £200)
W a/yM /fawu@wr o) L W |
5 o comm b ueaﬂ "volbuus Tt

, a o |

1) o A MW «Eiwé‘ Toplle,

[3%) @y) b—t £(a)+ _'f 1), agt<b
Awr .»EMLENO-QQL [—a,,lo_] or o u,u,lf‘
(?m) ﬁuf)p% a2 fP" L) ok

J{:Aﬂ&m b $oue3 wmwa,am

’3§) { fluﬂ A | (b a,) 41[@)‘1"%)
| C‘ew S M@W Apowws GMMMM
e L A&&m AL M Micobion  aulbue CHE

L n dhche Lttt & W O{QLc[tg)/

Aachouks Al el _dobulienm ole ——tfeaf»\g,&,e-m
J‘MQ) e o ’U\MW MWN

Be) w[t")—ufth) — 2 fmmmt—

J/M MWL a&dm/b.drz.,




(%) W) ultd) — A (i) () s
AT
o W'\W'y"&& COWANL_ {a 7y ) ?
W : condun Ao oles
e Adhimas ulth) gon wh) wlll) pou w"
wa, ‘ t
oMo Aon A 4,69.91.11 “Aos

(39 W= wd _ At (M), )
w EE(,M +0 ), J@N

powmanatoncs A oy W ook celle Ao ust
g g e
25 o A=bt]oc ‘
() & oo sboswr & 0 by s
Iimiiont st
(tro) oL A < 1T
o i apuastih’ b Aetvolrwe i Achons dlosis

e can .




@;/gagxﬂ/a@v A2 Heum (@V&ww) | 6

o Sa couschion diwmeme comme b _dehoma. oo
W die sbhdwan ‘Ao fo _impndig da.%a,uo?% olt_-%"&rq,uau
S (38) & b vebw appoke UM wlll Apown~
o R0 ~ Cruy -
() W = wd ﬁ_% (wd +wd™) yJem -
Sour e wadowy de oM ,w.d.@fmlata oL‘,wtt(W
4 ¢ ' C oVt \ C 4 <
A sdowa. X Eudon &C,\.QA[A,[Q /\_},Q/\Me O{Q/Fn_e,pu,c

LY

W WM o e _abud e
. . <
Wwwfa}m e % ow deun ole (4t)
ow dif B ahina o Yo @ aide done

sk ik algdtriaue i
(@) "= Lt (2) ] WPy

o o monTome dum(gawm ©o Aafport”
uﬂ‘/u)m V0o hndwnk g —famdjﬁm |

b o<i-s+E<), 5=4%

on A yrid B WL, (Ao s wd >0 j—>00) -
Come -5+ = 4 4 4(45) 7450 ¥5 | An dewmdle.
owdifimn 0K §( A-5)  cxpuan € ev gwhe Gotrau,
i s, ) s g S 5 e

49) o< AL 2T . T, sl




