AA ':(:D

ODE's

An at‘c'flc, 'I’)Ft‘u, oOD&e Lzl:c\s '“no, E)”odta ﬁ,/m‘-
é.\cn c (,-‘-;c_n E:B(#,u)r cno{ 1 mi“l‘.l velue o,

-EI-V'J 'H"e, E/lcl"i‘m p=ult)  guch Hact

()= £t utr)
ulh)= U, uf

i ; - - UQ - /
é:)(cn_a?fe U=uU - u(a‘):u,,@; k, pe

u("'e):‘uo ;;‘
Tue Solﬂ'rm 3 um‘;oc cnd exits Bran A -l.o t
Examol [e. &, _-l-/u, - fl-gg_i oo uJu--'J'C“‘ = _i(u’«'z "EJ’Z"’C-
Uul)=R d+ u

= u's 424
ufo)t.,.otzzc, |
Qt*otzzc. - C"“QE‘L

/,-*\1 SO u({-):%n(z)vﬂa-}‘
vy, IP 240, Hhore exshe wnipe
~ Pl

k__. I sduhir oo fhe mhrel €-2,2)

Uge. 'I“H']“J C"(;f‘ldi1

To debermine C, use wikel @ad”.

g U
. ' - = :_‘L - = o
&cn()"l-’- [,{-"-‘Uz' ) -‘gg:JJ- gj_a—"‘%c X7 ,Ha-::'u l--—t}o-'i—
Uule)=u,

Selutpr exizk cnd 3 uni‘?uc, L iz deRed f/é] ke +¢ I/‘je

g)@_d‘zlc. f(;{sm
U =0
)= Rz <7

n
(-(-)-'-ZO fetsa s also a sol -ﬁ‘ o4 c€E(p,00
U -‘5({.:): ‘g,- +>a IS )

Sd'u}i‘e/? cx(.i!! V%/' ell + !70"‘ 14“ 2 M{‘ unr?ua_



A2

We will Plove thet as ’og cs B astmvous, cn ©DE
S'bocis \|¢.3 - CI_SO]ﬂ ) Seme pq‘,:{‘d’a' ("b"éul\a'e-)_

For Um‘que,ncss cn‘:'[élcbol ey.?kncc, SLMJGF ctncJ ui” be rtqui"fc!.

—_ e TW s - (bcc[) Nume el m/vJ
g %mc( Eukr method < and < rod) Yool m cnaC’]sfs.

Censider the ©ODE [d(*)-: Rk ute)
ull) = U
Fix ¢ "skpsize” £ cnd st h=hrek B Lez.
D&£V\G. ﬁ.r‘ EGZ_ ’ Ue 56 ==
J&)

‘U,=u°*£f(L,u,,) 4\
& bro Ue=d + ¢ b u)

Uz
Up= Uy, « € £ (., Uy /
b= Uy ) '\Sk?cs POvh)

U= U & E(Jb.(/o') U bdfﬂo

=

k<o Ue = - £01,u,) -z_
Ue = -~ BCh.,, “ ———— k : >
c+) E ‘H: U ) -!:-z 'L,.., .La 'L| t, t
Let e fIJFCceonse_-. lmecr E/-clw‘ms et Mn'z.r-j)daka
-H-e POM{'S ("'l;.“&.) be fc:“e.J Ue CH).

Fl-lrlcorcm Le,‘l‘ E= -E(J-.n‘) \se.c. E/)c'l'lz/) “ﬂ‘)—rg rcml)wwws
(Tlnc- D i M Some ne_éjlabcr\ooccf 0 (L,
e xzkace Ten Dere exsh ¢ Tro such et 4k ope
theorm ) (1) Z OCF) = PO, utey)
U)=

\MS & ('cnﬁww:;clj J'PQ,M&UC So[m"faﬂ on f'tlc,-T,ﬁ,*TJ.



Ak 5D

?_l_‘g_gg (Prck cn >0 SucL! Jhet Ei‘_s Ccn"\\'luov!s on
he Ll 820 (had: (h-d% v-w'e Y.

St M =sup [EG,O[ end T=_R
EXHI Wz-

r\Slupe=M Fer cay €50, let U,

v(+) mush cemen C,Cﬂok he , coxvicle so)

wside Jlag “LJHU% * g the Brmenls Euler
method. for te(4-T ‘L*TJ
=T

e s(arc-= -M
l’ ] R we hoe
= o LioCe) s M ead

Mdells [u,) + ™
T\nc, A"A‘ J{Ln GSSures uUs ‘ﬂﬂc" -“N_ Sc+‘ EU&IE“&O 3 ’P-cmnpca(,

%ﬁf&/ 3 Uue C(I) mc(c. \sub‘sa% (u()::l 5,1, UE‘-—bM 3 V-0

4 Onteng Conyente
We cen T)I-Ck “»u-_ _se‘c{_ ro thet 6,<-;‘:, ead ”d{a—ulllm Y

We will plove thak U sohes (TwP) ead Ik ve c'(1)

Set Uazde, ead neke thet 1, shufis

¢ 3 +
Ua (',') = U, y = ;
C,D -ﬁu,. (: s)cls = blo +_,S fr[ s,ua(s))cls + Lﬁ ULls) - E,u.,/.s))flg
=@, () = Pals)

@&G‘L\M : We /lc-vcr")rwec{ ‘Hﬂc‘!‘ €O s oo,
To sideskp s diPReully | anselr s locel P
‘I’Lc. Sc#‘ Edf']Ee il ”,c S(_-,1L _Q:{Ua r E= l,..:;_’ é,?z,---j
Thc/! Lz .ﬂlﬁ’ PrC-Ctm/ﬂan = 3 a Gud SHLS'?_
(g, ) 7 cq. forths sgune, we sust Yove £,-0.




Prool Yecno, cerfmuec! A_é';_:_
M LP‘“(S) - Qfs.u(sﬁ) Uﬂl&f#lld enI

Clem W () o On’.ﬁ,wg en T
o

+

;)rwocl "7
a9 Ottt | 4hen Sj”@‘l‘s " S fels, &
J J J %o 451

Wewew ok,

A’T)Plé\‘ﬂa ﬂ«, ‘wa.c, c,aTms 1!0 el:'fn (4) we. Emc( -H»\;-}-

ul) =y, + } F(s.utsyels.
1

Tiis pes belb Wk uecln) e et u shee (TVD.

(ProoEog Clewn™: Prele € 20,
Svice E K unf&nﬂl (‘wl— on 6, 3 $H>o such et
lcj '(j‘)cs =D l?(s.cj)— E(S.d')l‘- <.

Yk N osh a0 Il -wileS,
Then e pa), 10, (9)- F.ue) | =] Rl uats))- Plutsy)) c £

Prook of Clem2: Pl o0 |

oot © ‘cssa. 4;554'&” i J—Lséla.-r&,/c
Wal)= Oal) - $65,uals)) = B4, UnCh)) - Pls.uls)

New

H.,_-S)_g E,< l//)
WU, ) -um) < 2Me, <c2m),
£3=9r- R unFE,wﬂd cet= J$0 s PS% 3 a),ﬂbaﬂcg =>\?{%T)-E/né7‘)lc£.
Yk N tc& & _21%_4<g T\ncﬂ, 2 0

Rat) =1 Bk, wathy) e el < £ |



e &)

THE GRouwae |us ol Ty

Suppose thek wpe C((0TY cad ot uthrn0 & o230

Lewans
6;;‘(’;_"“” Mo,r@ggcf'/ c.gs,,;mc{; fhek for seme Ue30, we hewe
UF) ¢ Uy + _( LP(S)ufs)clg Vie(o,T] (1)
Thm ° L
Ul < U, exp ( E()LP(S)C{S) C2)

_ +
MOL: 1 T8 pec’ & u < od, Her  lh)= Ulo) g jnp(s)u(s) dy e 1)
0

)\)OL:Z ¥ Uo=0O, Hﬂc_r'l vlt)= Q. #F&CO;T],

Neld 7@ e?ualé hles m (), then 7
U= Pd = C/" fPJ-I- = ‘gq- JLP(s)cfs+CJ

S ul):=¢ m( | tP(g)c() u, ep( cp@cls)

Proo® Aosume. R et Us>0. Set
+

UH=Uprfumdp)ds » 0N O®) =
o

= f)’(%): P4 ut¥) < ch) U®) =

> UM J
Svce yX< O(+)

&) £ .
sQ(t) I% SO 0

> log UG- log Ut St?rozs, > U<, ep(fp6rk) =)

=g




o

ASSUMC— ncsc"’ 'Hﬂc"" Uy =0, Then E_r d £20 wie M
S
Ul+) < ELLP(s)a(s)cfs S 1—J LP(s)d(s)c[s (=)

We. ’))raue,a{ ’H/‘s"— (%) = ulf) <¢g CX]’D (54)[5)&25)

Svice € wes b )Lca(rj‘ hzg shows flet (=0,

T‘AM Cof)s;a(cr* »hnc, Ml‘\lﬂ‘b' vc.luc. j?rc)lglcﬂ

(Tup) [ u(F) = f("‘uﬂ-))
U k)= d,

Assume tht £ (mlmuws on I’2-‘-‘[l°-T‘lﬂT]x[qo-Lluoq_]
Set M=sup  [R4u))

(Ha) R,
gc‘l‘ S = WAaw) ('(: /%)

Seb Io (4-8, bS]
() I8 u sdws (v then
\ué—)-uajsl R eI
(2) TP Were exak c Ruik aumber &' swh Het-

IE({-‘u)—fﬂ‘u)]g Clu-v) v feT

4 uve (eu,-L Up+L]
\N'.f) A@n (IUP) Vicg < 04\7}% ol m C‘(I)‘



A5 @
PrOOE(I) P T sol”

Set+ T’S“Pzﬁf OSQSS 3\ lu)-uh))e L when H—,L,}sr&:f
Then cleim (D R At A-g
Assume et Ares (we will shas It +hiz will lead 4o

G C‘cn‘*f&&(f&ﬁ“c/) ;
‘Li-’l'
Twen oy |ucie T) - ulh))=| 4{ f(s,u(s))c[s} SMTMss| 2
But svce v 3 (‘c.n{"vaowS, e et ol Lave [uChe) -wth))=L.C=)

() & (L) Cm{vza[r'c'} cech M

Viook o2 (f_): Tut ¢ c'spl”

ex3k 5.,«&«;/,}“5( é the Pecpo thm
A)O"O S"'PPOSC- H"G{' bota Qd solve. CIVP),

Then Uh-ulD) = (ulh) - ) - CvD)-w,)=

i- L
= jU(s)cé; = :{\‘2(5)0(5:
b }

s "
= :}EKSM(S))JS - _[ Qétu(s))c[s
° L,
gc‘{" Wf*f-): IU(#)-\}({-)]- Thc/j

W(#) ¢ j | P{s,u(g,)) - Efau(s))]cfs <
i T Use L-‘ps.:lm'7‘z Cen \‘mm@

+ [
S _S CI ,ufs)—ufs)]cls =J C;W(s)cfs
t 1

A’T)Pg 'Hﬁc. é(c‘jﬂk)a” ﬂ/‘C?(/’GI!fé Ml“" LP;'C, ch(do=o
o See J[Lc:-!- w(f) i© fc{ml\"c@”

Zro,
d



