Name : Tuan Phann Math 9504 Drﬁmv\ﬁw@ Equations Y @

ID: 4652248 | Dynamicel Systoms:
Home wrk #2
@ Cw\fidaw W\L ;‘m‘i(d@vdu ﬁm!&m
w = u(f/{'w) : w(0)= . (i)

() Fst, we pnd the oplial wldom w(trw) wilth w, € (0,4] por Lokl 1)
ﬂ&@mmwﬂu:wpu@rhdwojﬁm,waxhﬁgzw%QK%,

Dicord- Lindeclyy Hostomn Dl (1) dens & wnigre Hocal sobition - Consegutly,
i Ras wnique colidion on e manimd derved op ewslene. T v = 1,
e con Bech ot the constent pundion wl) =4 sofves Rrobliue (4).

Tt the wniqug colidion . Now consider e care % € (oA) .

o sbdim w @ conlinuons  at 20, w «l) remaus i (04) e

f g cfnc & O. For {'Ls reGson. | W€ Cun afuiag w(f) 6(_0({) wéu‘@a
ﬂv\auz@uﬁd(uﬁ, ‘M( o‘fz((,(erew’tid {fkdfm. We have

? = 4 .
w({-w)

TAA% I%L JWC}TM(CW vaﬁ’w& [)ﬂ% S‘c'c{cs w(?ﬁ ra»gfult T Tf, we 3,2,[’
J ey Je

u(4-+)
T. ’ ) " F N H
KM& ) /&34:1 - 4 'EQ ) Tuﬁnﬁ 'f?& @,%ij@ gr 40'17,; ffjg/ we fyof
4«« = ( ef/ For s Conslant ¢ Do.

Thas w(t) = __,le’f_ : T‘ZL comdition. w(0)= 4, gives C= “© . Hee
414Gt BGR ’



u) = % @

Ay tup €
Wa see w\,d wlt) remains in (01{) for d tER Mws, a givem 55‘ @) s e
Unigue cobdion o Deohlonn (L) Became aff& Lniquendss of sobdmas | we Can

View k. a3 & .(W“dftf"v u{ t @\,LJ Uy -

T
w(tiv) = —<  here C= A% . 3
) Cte® “o /
Nemt/ wWe de\puj& f'&.o. parﬁﬁ &éﬁr[v{hua o;f W .
— 9. C t 2’
gl = oy = ey =
W @ ret)” 6o (Ct €) (-4t €") / (4/
(o) -t _ O
951& )(AO) (C{-Ct)l (C_(_cf)‘l_ (9

(a‘) TKQ 6?%&1%[&& (i) Can e wnﬁ%\ as
Qﬁm(f;%) = u(f}‘%}-t«(f)uo)L} w(0j @) = 4o . @
e 0»\% concidar 7[(2@ care 4 € (0 4)- p(f#fehff"jﬂ*g éo’%t ades with Ns/uf

To w | we %&t
@%Btu.(t)%)':‘— Y (@%)({—Zu(t,*ao))‘

Pt wlt)= 2,6 (6 o) We g L t) = vlt) (=2t W) . Becase wljen)=y
por el @ €0A), 81 (00)=1 Wy, 9(0)= 4. e initrad-valse proban,
Wt v solres 13
= (-2)v , v)=1, (P
whare w s Tha prncling given by (3).
Dipperentatong botd sides o (€) with respet B £/ we get
aau(t;w) = gutiw) (1=2u(tj %)) =



3]

= wl) (- uliw) (1=, w)).
Pt wlt) = Gultyu) - We geb 420 = wlti)(d-ulty)) (=2 (E1)). Becue
u(0;u) = w(054) (A= (0 W) = 6o (1=t) , w solves the imitrd-velue ,9"0%14
W= wu(l-w)(d-2) , wlo)=m({-w), (4)
whare w s the Prndlion given é@” (3).

We now soloe (). Becrue v(0) = V(f) FEMAIAG posfﬁvc, WA
Aoe b 0. Thus,

,2‘@DL C— et
'('“20\ = 1= = 7 ‘
Ctet C+e

Totlﬂvéy by audidoriodie bk sdes with reped B T, we get

S (-t S =G =g ,jt ﬂ[
/eyg)'v = J C_'_et o(t J J( _,C 2’
Lt
/KM, ’D‘(t) g/ ¢ C Cﬂ- ¢ . ’ﬁﬁt Co’l«ﬂl(‘hmv/lf(o) =4 8{(’@15’ Cz = ((‘f’f)L
o ([Cre)
Tﬁ“”) {v(‘t): . (CH) Ct = <u° Vt = et v
C+¢t)" A= +ef)b (t t€")

T‘Ku‘g C:vx,ge‘rmg Yf'ga g}f/w«é)& ( 4)
Now we s-o(/n (8). 8 ),
¢ € _ Cet(C- ¢t) ‘
C+ct' (et Cte Cet)
J (e (C' 1'L) Ak

(&(4* V\)U'Zw) =

Thus | wlt) = f WA~ 2w dt =

"’“ j,(a__Q@_C_,a)
Y- C

_ jazc;g),‘? _ 33Z6)+ ok



Cé

= .+ ol
(C+¢)
7& condrcl w():uo(/f—‘>=——c—~ Oh w(t)= (e TS Conpy
J&m; = o= gy e b= T o
qﬁg{m (S ).

Lo {: IQL? ﬁQA be a Cafinuons ‘(mdm sl ok £09- %<0 for A« il
x| swgccfw{% barge . W Do Bat the mitod value P
i:({(%} o) =g (4)
Do ol loast oe Oocell solidion, and tht very locd sl cam extod to
& 3&15«2 eoldim Cie. 426,4/22 t20).
flopd: Soothd Bollom (L) Las s sobidion o the wderval Lo,4].
T ts % woder R[] 5eck that 0 x €O for Ml x€RY <[ 2R
For 0<2< 4, we depme g(x)= f0)=ex. Lt ¢: R I be a puncio
uch that ¢ € CW
o)y 0 ¥xer!
supp < B0,
”4 pde = 1. ‘
Sudd  uncleon enists , for el @(1)= g

lf
Cop(fm) » <!
o , el 21

Fr eadd w €PN, we Ap@fﬂ"‘ (= n”( Pny). e th sequente (@n) s an
(D%EMJQ (M o /ﬁﬁl. _fbvt In = %’F ' 7—%“4 n eéjm('kdl le and.

“ff b & 7 g )

) g o iprnly o overy bomdid it op RE The ousts em

owih ok | 4n00) — 3ml<% Vxece‘(, <2R, ¥ 7 N



&
Ba Sﬂxg(tu\% 1%:; wdices of Ma, Sequeni 5,4(%) [<f necessary jwe Caw 4ssume N= 1

T%AS) gn(vt,). X = @w(h)—j(x)) ' -{—5(%)']/
< 14,0046 1] + 0. =2+

< ERpp gl =2l (£ ) <O waek & Rk

e st thoo et the il pobm <
<= g ), %(0) = %, 3)

fas a f@ﬁd colilion. Cie for L £20) . Beamse 4o € Clwl) & b %

Lipschadt %Jgibwap' [W@U&Z Heoem Pdlown 3) biss « anigue bacd coldm,

L« b W wnigue solidime in @ minimed iferal £ EL0%) for OCxg .

figpose. by eotrediclion 1t x<so. We oo fﬁd (L) [ SR por all E€L0x)
pe= fn({ge[o »<)~ R <R YEtELos].

fgpne thed g Thon [l =R becuse of the contruaily of T for erery

ke, tere eusts 4 mﬁ {m b<t < [, f4 ] and Plie)] >R T

d(u O A Y A
GO=fn TS A s 70

On e of%cr Hand, ,% T"z«“jﬁn\g the Aot ffbi%ff 5(7 x ol sides of (3), we
4@%‘ L = f() % 7&%/
Alig) < 4, (6)- x(p) 2

2 dt
T s « odadictin. flene 1= 1 and OISR por L teox).

Ld (tL) be a fquentt (i CO/K) . t Converges t « . Becawse (x(ti)) o



% b&wd»«( in (R 4, (f/ue,; 4 Conrerging ;Jm,uuab fﬁ'y
%W fefpaaz% (‘f;_) é‘:& f&g fuLSc?WCL | wWe (i ASS ume
+ L N (%(fd) C«Mm?u v sme a €K4 We S-Z/ow 7%/.,{
A t

Keva 1(s) = a.
$9OX

Jenide M= max [gu(].

| ER
a(s) = x(4) T 'i[fs,i >(§~f4) = %({,L)T-j,, (i[g,;;))(f—&,)}
Jlar Come j;,k %‘% hetween s and i 7&(&5,
/%(5)“%&1‘.)( = ,gh (?t(é:&))‘ ‘§_1-L1 <M (S‘tL' Y4 EN.

thp\d {5 (e 3& [x(s)-a| < Ms-x|. Henc, Lina 2() = a. Tn additin,

§=ol”
<(s) = Gn () “—)ﬁl(a) as S=>A .
’{ﬁM—S) x @M x 606{(7,\45? CM‘&,u,mg% to . 721 (Nﬁ%@*%(% ,WD%WL

x = 5&’“) , ()= a
Ras a Unigue Loced oldm. m Some mierval (x=§, «t§ ) ég Licard- L‘m@//&q‘f

Haotom. Tt Deeds b & cadinucdimn of Ze sludin b Problina (3) beymd «.
Tx © a codradicdeon . Thus, x=os - Lo AMosr words ,F bl () Les a

umigue ﬂ@oéaﬁ Q&C&M / S“ﬁ Zy . W( o%(lf}o gLuﬂ«)eo( ‘fﬁej

L®OI< R vizo (4)
Nent) we o ot e inctind-vale prablin
v =400, w0)= % (%)

Las & gobdton o [0:4]. Denote B; = fLGK‘(f (<R | Recall At C(K,;)

5 a normed space with Hull»B— = 5“2;39_ [l \/i‘eww-j XF| mu/f as
(8 XC O



A

{fmd‘.tfms on E;Q , we Rane
lgollg =16 <glly < I3z =lp-adll— <l — +e @) ()

2l Bﬂ:ﬂ

Pk M= man o0l + R+ Hon

<R+ B
9,001 < M W €B  weEn.
Tan,  F (0] = [4.u@) <M ¥nEN, 120
For 0<s5,4< 1,
oo (9= 1,050 | = [ ()] [£=s| < Mle=s| ¥ €M (#)
Tf we view % a5 ds cestidao o 0], 2 EC(D). By &), (oa) s
bonded By @), On) & equicodinuons. by Arnele hicels Tesrom, ()
& Convergent gal)kﬁumw_ 29 rzf&ccna (1) @ s Sué&‘qmm, We (ain ascume
G ) converges B some g €C([0,A)). |
Recll that C(04)) s a normed gpace with ol = 2‘5‘ 0 [P0, e beswe
(,l'g;ﬂ(u)'j(y)ﬂm 5 < Mg -g6nlyy + (96G) =gl
< Mg-glg + 1gGa-500ll ()
Beowaie 41 codneons o the Conap et sl E,; it uungm/% cotinicrny, there.
Fr oed, §50 ) there enists (50 sud Put lge0) -—g(’ca,)l <SP por M 1y 5'5;)
gl a . Tare enisle N sk el lxa=x Mg <8° for bl SN Thus,
l46) -0y g <I YnEN, uDN.

Tan @) paplees 1400= 90Ny g < 1 Guglly- +5 ¥n> N,

Jersc lgn—gllg = 0 asnree, G 5 504) 01 C(T01]). Thas, %, 4(x,)



in C([o43). . 4
%,(E) = w6+ 'o] 1,(8)ds —> ¥, + ﬁj[7£(5>) ds.
)

t
s )< JCa6))ds

7&3 '(m,;f(e/; L €« %&C@m\ o fm%xm(f) We alvo SM ‘féxf
I ﬂm g SR Vs 20Y))
/\)@J) we Sﬁmﬁﬁd frnéé&w (/f) ka/s a %w(m o fo({]_ Weﬁmm

n-15)] = |58 1e=e] = [gCul®)] 65| € M [ H€a)
VEs&l].
Thows, the scd {1, 0 £€CDY  buwnded ard equcotinwans in C([o (7). @? Arzele-

Pscoli Pesrenn, Ware s a comvergend fequente (%5, ) (n ((101) . penste
L:izmlih . o //j(lih)v;f(lih) ”f‘%l] = Z,w —5 O a5 yoo.

fb‘kk.dul
Peccuse ¥ 3 omfwm% Coaniniies on _@; ) e &wc/

L R
Thus, (4050~ foall g 0 = o £ wivaledly, 1%, = f0g, =0
1w, ¢ t -
o () =5t [, (b — ot [JO@) s, peelng
Hewee, (6) = 2% + f}f(x(’s))ds , v t€(04)-
This weane w15 a sobating ow the bckread [0, 17 t Prblen (1).
g_@_,?}; §Wm 1 s a sobdwe on aw aterl (0,851,850, 4o Problor )
e Lovtoid 1 con odend © a bt on [075).

T do s, SufPrces B Ao ‘fé-d L cucodend B a @ZJ‘%W ZB/ I+



Thdeed 62 ”‘ff‘%“hg szfs res b rtpdz‘hw’zg ,we can extend % b o soleclinn.
o 00,642, tRen [0,563], and o . /5'(7 S d, Ware s a coldion gt the
initiad vl probloma
§=£y), 40)=x0)
on te odervel (0,41 By depining x(b)1= y(E=d) gor LELLS11] we gt
x € C([0,8+0) and A= fx) wtelo frd] \{¢] .

Beeawse é@? t) = ;Qv? j(x(f')) = v\f(x(f )), % (S a{g{ﬁfefeﬁl“fc% b t=8 and

)= f60). Therepore, 2= ) por ll £ ELO 840
@ Teotom 1.6 in Amann “Orzﬂw/} Oqf;efmrd Etimf(m Y1550 ( PQ;CMO )
ques us & aiteriow for Hobak eudence of pobdions to aw ODE . We dade a
ConSequence which & enough for owr purpose.

O Lt o R e« Duodly Lipschite pundlion and 1 €RY Let (g) <R
be the merimal denvall of onatonce for the nitid -value problonm

(= f(%) i M..(D): U, .
I£ X H—os Mu\ Lina (u(®)] = s - If <o e 2 {L((b)‘:c-a.
.. toxt ‘ to ¢

.

Twn f’& ;f%@owrnj, we. S‘ft«o{g w&ffe/ 2aeh Frron initead —value pmé&m {i@

i Glbd eolcdion (ve por ll LER) . Densle by (f) the mecimel wlereel

of onistence Because initind coacdibions are specipred at t=0, x <o <£.

() & = s, x0) = x,. (1)

Tn this case, fR-R 00 = s Becsuse fECTR) , dt &cz% Lipschte.,
w(t)= 2(0) +11(8) = % tTan§  VE€(ap).



s , 8] < ol (€] por £ E(x8). Wi nplies .t s does wot Llno
«p . finibe time . Therefore, Troblomn (1) bas « ghbd sobidme.

(i) i=x=2 x(0)= 2. 2)

f(“%): W= (s 4&@12@ Lépgcﬁsf% hecause i s in C Y/K)..prcsf, thre
1,E(B) Gk tbhat xl) = 1 Ton the cndland fundin g, ()= 14 gobues ¢4,
pllom G = y-g* 1 4l0)= x(b). On the dber Band, W puncting ¢, ()= (1)
also cves the prodlam. By e unigueness ¢ abidios, x(E+4) = {1 2or all £
s s @ codrdidion heousse x(0)=2 . Tharepare, 2() 4. por <ll £ E(p),

Beanuse x i Conlinuons on (f) and x(00 >4, x(t)> 4 por <l tE(x,),
Tan 2(6) = 20 <6< 0. Thus, = s decrewsing o (o). o 2 W) 3x0)22

for bl £€(x,0). Thn

() = ) - 26 < ) = xl6) = — x(6) %&%(e)*(z?%m) () Yty

: o - ) ‘
T&w; J x($) A < J‘JS Vﬁé(«x,o),

4 6) ;
Wﬁu(f\ gives A4 A - €(«,0,
A4 <€ ¥i&(xo)
%(0) N x(t) weeo)
Because x(6) = 2, 1/%15_) {t ‘(‘i vt €(x0). (3)

If o<<~:£ Do -ﬁ € (%.0). S)kLS'l('t“tf“ﬁ 1= '07(/ ints (3)/W€ ?J "(:%)(0‘
(/'*Zug is a contradiclion #\efe,ﬁﬂ’?f/ 0<>/"Z{. It YW&VS f@«{ 'Me bocd,

90'&«:((6% s Jfolr&m (2) C‘G"hh.ot exfeyw( [je(cfgna( t= _2{ .

(i) %= »x-~x, x(0)= ;% (4)



TKL fw\d(mf < l[& SAmy 4s in ;?rbwim («Z) gy fﬁzf&imc ayﬁumu\,t
as (W jourt (tf), Wwe caw S‘"Qow 1£‘j X(t) ¢ fof is fZ'N ‘ng éé (K(/S) gea\.um %
s conlinuwons on (x‘f) and (0 € (9, 1) ) x(t) (v, 1) for M ¢ é@ﬁﬁ). T/:{

5%u4€€oow§ cf x((-’) l’haf{)(es X = -0 50‘«47 /5 = 5o Ilz\ o/gu cmrra&, Jm;&m [4—)2%
a 5&L@€ %(dlc‘m‘

_ . 3 . S_ x5
((U) = 4;70 +4 | a = j X ) X(0) =%, 7'[0):5;». (g-)
rtyt+1 gttt

T s case, ¥ R— R

= T, !

 4x’ty g5 -of
x 1_3%%’1. 7L4 + ﬂ‘f' _(_' )

]

{ i (6@_&%. L(pscé\(ik becawie it 5 (n C{(ﬁtﬁl) Denote l& mm,-crmcg cmlmm,é

of erislen @ 53 T (instead of (x6) b avoid conpusan of nelcdong ). Put
k= Oug) and w =) Looblon (5) 5 equivalent 1o

Q= pw), ulo) = . ()
Ton

Thous ,

t t
w(t) = w + fez(g) d¢ = uofj,{(u(ﬂ)ds Yt eT,
0 s

bl < lud + H(fwmms} vtes. @

We now estimate [f«)] .

(g € allPelyl € 4lalelul = Tul (4l 1) € 4ll (1)
47| Iyl + 05 <2l

gt i(%f«(f 41 = ’lul‘*—ei

[ LT

g ¢ laren”, 4{u:‘°

Hence [{(u)(l_ _[473’4(‘51
(Prg+1)” (I*fa‘f-H)L (™" (4 (ul®+




Al + W < AClul+ 141wl
(L1ated)
Thus, ol <4R1ul. Sub shtuding this eimate b (F), we gel
B <ol | oftzwz wolds| €T,

Gromanll's inguality thom goves s wn epbicd edimate for [ulb)] -

PGIRGMERTAM f 1 4| e,

T inglies Rt w(E) does ol bl wp in pite dime Tharegare, £yl ¢)

has a glbof sibcion Coe for Ml £CR).

/\.)




