]

Ch. 4 Summary

Nom. Differentia= on
[ W O P N N O W e )

Tnjerpotate wing Lagiange inteont  + (R () oG

(nat) POINES  Xo, X - 4 Xa

Deave a (n3)) pt Jomola , OChnB ¢ A
W= x“,ﬂ"Xl ‘ %]2=\°C3

Uns+table

weigh +

=

quadratvic ruvie

C]'\.S - .—_r_n,‘—ha( Value Problems (IV*PS For OPEs

51 - IyP, well - poSedness

De€: An WP i  of

Ex) c>‘\//cH = 2y e *

Fira-\ questions 4o ask  before

“he ;FOHY\

, et e b, g s

* 32/{-

doing -2n (AVAS (Solving\

l\ Does [.V.P h2ve a solutien? Exiskence
2) Ts this  selvtion ur\;que? Uniqueness

3) Ts +he Solution
Checking  change of

STABLE 7 Stability
2

position; s v velakile”

Smaoll  pecr terbation of the aifial condition

and /oc

pert uibation

the equation.  imply small

of Solvtone
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Cod'\ns exom — 1 method out of 3
Midderm - Ch. 3-H4 ., | he wrtken tesk

C : ,
e CTrotc 52, Section 9.1 cont’ d

Nt NN I TN TN

How do we ascsute Existence, Uniqueness, 2nd S{‘zbiti’ry?
Q fhouu *0 ensure well- posedness of +he \VP?
DeSinition: Lipschite's condition

5(-\—,3\ Satisfies a Lipschitz  condition F

V (-l-, \/‘) ; (‘\'4 yl) in the domainL of f

Lipschitz consvant

Tnxe pretation:

5('{'/9'\‘5(‘\‘1&) \ ] L‘
Y ~ Y2

A b\‘F rtia ecvat: of ' ¢
~\ /33,\ partial  d +.ve j with respect +o Y OK

Smooth  vonation of [ w/ respect +o y

domaia.

It satisfes a Liesch: t 2 condition

= the WP is  Qe=pesed D
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Theorem: (Lipschitz Cor\di-kianw TF F is defined o0n &« Convex

Set AJ:
[ there exists X o/ l “/33\ < L

= 5 satisfiey a Lipsehitz
= \vP 1S

conditione

well - posed

CO'\VQX: whea (iae that

Coanects L ponts in *the

domain 1S included VA

Nor always cluded

Taciudad the domain

Y N
Dom:-‘n is ZD
Tmage of Theorem e

el e e -

-9 o

: bk
£x) \j‘ = yeost 0 +< | y(oy =| Well - posed >
() Define fC4,yd) = Ycost
Option ﬂ.v lf(’c.g.\—- _FC+,3-AI = ‘ Y,cost -31“5% ‘
= leostlly,-y] € T lyi-yal
Bouvnds of cos = [-1,1] so

lCoS+H3,—3;( = N{: lfju“jzl \V/"Z e [o,a]

OF-HOI\Z) bJQ/)S':. Cos +, ‘)f/)gl bl lCoS—L— ‘

< |

V& eCont ]

AL

Well - posed  for =4 , L

v

O, 50 well- posSed B
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Sec-tiOY\ 5~2/“€u\er'5 (Method
/\/\/\/\/\/\/\/\/\/\/\/\/\N\/

Euler's methad is a Jundamental humerical Scheme Cor me+hc63

4o seive 1VPs.

G $Cr g | CENEEED . yC =

1) Discretize +he time: b-a
Sample Ca,bd Using Time Step _= number of

Sub-intervals

At Ak b+ AE At For J

Pl eI, ;
AN {J= a + JAt
o b

4ot t2 b3 eqcetera. -

ZJ Discretize 3‘(-\') =  numerical differentiation
(n+d ) point Sormula

€»si¢sry one: Forward difference
g+ g A ) -y
At

9'(4)=  FCrj. 940 Y =0, N

3(4-54,&-&)‘3“3) ~ 5(4-&, 3(+33\ * bk Ak = ’crl
JAN

Notation: _
Eoters Method
J

3 e vt W - Wy e,
R N
b <

W. = ¢ne approxmation of 3(403
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Cy-et)
Ex) 9(t) = g)-e® | ozt =, yey = 2
D Well -posed ?
2) Find exack Solution

3)  Apply Evler's method Jor Ab = 0.2S
WP 5 ¢ beeons, we ne o =4

Wo = 2 [nitiat conditions
De fine Joackion o C+,33 = Y- e*
Evlet's  mekhod defined by wju = UJJ + A4 f(‘\_), VJJ)

J=o0.v,2,3,4

W= We+ 025 (Flawd) = 2+ 025§ (0,2)
= 24+0.25 (0= 2.2S

Wa= w.+ 0as (f,w)) = 225 *0.25 § (o025, 2.25)
= 2+ 0.25 (@225 - %)
= 2.44915

>ond S0 or....

Wz= 2.7022% Wy = 2.€4g5

Comoaras oa s

Wy = 2.28 y(4+) = 2.2470

Wa = 4.441s 3(‘“\ = 2.4731 Error

Wz = 2.7022 S’(“‘B\ =2.6463 Thnecte2ses why?
Wa = 29485 | gCry) = 2.77123



Con’c'd From L2st Time

+ Approx ‘ Exact
(0] Y 2.0
0.25 2.2S 2.24%
05 2 .48 Pk
0-1S Z2-70 2, -6463

COnc\uSGo n .

I(é(‘kd\ - W, | incresses

Crvor

28 J ianeresses

T other words, error accumulates over time

Geometrical |nterpretation:

gl = J:C‘f’/y)

B Wj +A+f(+;,,w;,\
v
WJ +-€f(43,wj\
NoYylagr v 3'(+J3

)

E
4-
+
i

N
~
3
4
"

Line

looks like TANGENT

y ar

line of
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Grror %ound Far Culer's Me+xhod *
/\/\/\’\/\/\/\/\N\/\/\MNVVWVW

Theorem: *° Su‘:pose J eC ) , satisfes a  Lipschitz
Condition over D 2%
°* Suppose ., +hee exists M >0 / l 312 (4, 3) )f M
For M Ve La,bv7

lﬂ(ﬁ)‘w:‘l‘—‘- A;t/\ (exP(L(‘kJ—d\\"\X
m \SC’fJ\-UUJli O(A’c\
tmte of Converge OQX'EW

HOUJ to ten prove the +hod "D

‘Rerw»rv\ X l’) ApProxima ke mMoedel (+ne WP D
2) Aepproximate solution (soluron of aepfox mde\}
37 What we did = Compare SXxack splvtionn of +he
exactr " mode with ___ approX: ———— QpproX model
How 4o compare Models ?
LocAL TRUNCATION ERROR

Reproximate Meode( - Compate |\VP >nad Approx: moade\
WJ»““WJ‘*A\'(‘{) (+J,wJ\\ y Solution of 8' =f(+/53
NV~ 9'(§) = £ g (D)
Sunction
I§ models 3re ciose, <€hen
For Bulers me thod , CS):-‘J: 3(+J+\)-3(4'J)- ¢({"j: 3“’&\\%0
At

\/—V—\J

local +runcotion

erroc



Geaerg\ local
d F i

oA Arancation error

TJ iS ecvrol

For ECulec’s :

—CJ'H (at) = 9(*“\)- 3("‘]3 - 3'(4“,) = Q(ALD
Ak -pt Formuial

(a v\ p¥s = O(h“)

Other Meriyation” Taylor Secies rather thon Lagr':mgc laterpolant

poly Ad NTAL errr  kerm

S —TN ‘ii

fexY = FOxD » FUXD (x-%e) v FUOREGY) (x-x)?
i 2!

4= 5, x

7]

'(J*A'(-, Xo = 1)

n(
'3(‘\'30-/&*\ = 3('\-3\ ¥ 3'(1—&)A+ # J 2_63*) At®

39)*\\—3(-\-‘;’)— jc(*J\ - 3“(5(*\\&'6
Ay 2

Same  resutk , st OCA+)D
How *6  Improve +his Method °
—> Use Taylor's Formula  with MORE terms (n> \}

3(43,.\ = :j("';\\* &J'(-\-J) At * ﬂ"('\")3 A? +_ .-\- S(n\ (*‘;3 ALP

2,.. —"“KT—__‘ + error
ni—l\ ’
error = 3( (f GS\ AE“H
(nr)!
gl = g ) = 9 G+ g G A 4y g ) At 3("“\(5““&“
At 2! n' (n+a )

—>
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GO - 30 = PG, 96 4 0L geMAC vt § T CEDIAL"
A+t 2! Cna)!

From Tayloc’s Secies

m
B (45, 906D

S At .08 Sl
T( (“‘b:WJ): f(*J,WJ3+ ’;'f (+j,"0j)"""" n' j( ‘)("'joUUJw

with  error  bouad OCA{Z“)

EX\ \/ =y~ -("-}\ Q£+ < 2, yloh =¢4.5. App\\/ second Taylores
Mmethod Sor N=o
Y A* - 2-0/'0 = 0'% ' f(al_\,): S_k1+ \
> f(g(i-),-'cw

The 2ad {—o.\llor 's method s givea by

’% g \=WfA£_f(+ w\+é“j(+d, 3

F'lgeny . €) = gl df/za & H/M then hee  f' (gD
Use chain rule becomes j‘ (3"}) * 3'=3-€3"l
J Frlymy, = §(y.4) 21+ (-24)
§ (-0 )24
| S Wy = W o o.l(uuj =X v SPRX-N (m3~{3‘+1—1-k53

4 /{/\/\/\J/\J\/\/\/\./\/\/\/\/WWV\/\
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<Znd Order

5.4 ’Runge- Kutta  NMetheds

T\\Q goal IS +o WKeep +he accuracy of Taylor's me+hod
(Recu\\ ervor bound O(A'kn)\ Wirhov+ Cofhpu-\'it\j f‘(hg),..., jmx(hg\‘

Recatll s The WP, y'= £Cx,9)
(a & % :‘.bﬁ(s(@:d\

—Replace +he derivatives
1D Use divided differences [ fnaed et formule
= La_granse. intecpolant Cretated 4o 5.45

2,3 Ta,\jlor's formulo.
L—> Toéqy (Bccq.use +J-A\- Ind +J- 21Q cloSew

Provlem: FC*,:}H‘\\; Need Ta\/lor's g—‘ormuta Sor 2-vr. j‘unc-\fions

d-variables Sunctions
fxy = ? (

Eox 3 ‘ " S'(fco + -4 (+) (4 -34d*
Xo 5

D (
°3(X"'X6\ + fn (Xo\()(‘)‘éjl

2}

i

Z,
+ %%Q(h,ao\(ir-n\z
2!

C (4,30 (4o .40) -
2§
5 (+‘3°3 5:(+a, 503 +\ J* ("o,‘?g\ Chte’s
f(‘\'o/ 33 Bf
5'“&595 f<+013°3 + ﬂ' <+bl 3n3(3-3o\
1!

.bif o e(“01
+'T‘3-1(+;333’z:'3

e
‘k :Ft' of parialy

Per fedvative

>
FC+, )= §Caa,90) * [%% (4e,90) (- =4o) +—}%(+0133 (5_503-]
31§ b‘-g Bl&‘
x [“m(wﬁ@ (_"_‘z.iﬁl*ﬂz(*wse\(s;;ﬁz + 39y (40,90 ) (4 -%0) g0 3

Highe:—Orde_r teems:  linear Combination. of all P2rH2LS




(
Goa.\'- St2ck  with V “ <SeCond ocder Taylor's me*hodw

- tep\a2ce denvativel

Recatl: T (a,y) =

1]

= 50,90 0 Ai.i (3 rg'(-&\%%\
C GoAL >  a§ (++b, gre)d
SR CIT R %‘T 2 "‘%33')}/23
Taylor’s  formuia  teW® st
af C(tro, yred =af (+,9) +o.‘5i+' (riy) [rv AN+ g\a% (+,\_1\ [%c—/ﬂ
= & gohgd F oah Ay ¥ ag 2§ /oy

A A+
T be equar; (a=1) (b= */13(c=%3‘= Tf(hs\\

Conc\usior\-t
. A
1“2)(-‘-,3\ = F(+» A:’:‘ PR ’3‘53(-!-,533 RUnég - Kuxta metrhod
of. order L

O(A‘\'ZB 2 (RK 2.\ Euler's (+v'\gen+53
sz ;dpcln\'
me\'hod

We = K /\
Wy 2 -*A*j‘Q/ w; zj( ,wﬂ)

e S A*-f (+54 w)\
OCA+Y) se RKL is bexrrer
RK2 *axes Tangent ax the midpoint

Coler’s ¢ w



gou C2n exiend *his method o get+ highec order

MeXhod s

(P\KL‘\) O(A'\'q\) Wo = A V‘\'-‘-S(*\'j,wj‘)
k= §Crje B wiv 3
Ky = (4« Ma, wys “a e )
Ky = §(+J+I . UJJ * Ka\

Wj+\ = WJ v ‘%‘( Kk, *ua ¥ 23 ¥ kq}
Moditicd Eolerrs OC A+
NN ANN NN SAN AN

Tdea: verage of the siopes, a* *¥; 2and tia
Ax
W.py = wy * = (f (+\).w3§ 5§ Chyan, W\‘,n\\
— A+
= UJJ : (f("'JIwJB ¥ 5 ("'3*\ Il wj + A'\‘ j(‘\'J,w:,)\

" VvV~

Wiyt Srem € uler's

éx\ Sl‘:*z + Cos Y 0 £+ < 3(03'—'-\
2
D) Well posed 2 5123 = 0O+ ("S'u\s\
“‘S&ng\ < L : \-S'ms\ —
| >0 so s wel\ - posed
AN AN A A AN AN AN
i-o \
2) Appty  RK 22 e genecal N ; At = N =N ; We=l|
Wier = Wj + A+ f(’fj*.b";,u)y 'A—;' f(+5»wj\>\)
43: o+ jA-\- = Q* d/N = J/N *f(’q,wp:‘\f % Lo

ey g b L '
Wijs 2 Wy N FOR TN, 20 § 8 wi))
/\/\/\/W\NW\A/\NWWVWVW



e =y A (T o Gy, )

| VY
" \
Wi = wy; * N (E”L‘f]z+ Cos (wb* 2N (‘\rj' + Cos(w)\\

IO Va Ve Va Vet e Ve Ve G 2 Vah N o

U.H\q} do éu\ar'S,Tmylor'&, 2né Rvnge-l(uH'a PR have in Commot\?
> LUJH . depending on w;

! (oNE STEP METHOD D)

> Muiri- Step = ger indo Jor Wik

Srom th (,Uj-l, .- etc.

Se,c-t(on 5‘6’ mmﬁsieps (ﬂethod

Se g'ar, all methods +hat we lesrmed ate ONE STEP
methods. (only wj)
Goay o

molti-step:  Hdake more informatione ! Sron past”

(w;\, wj-.,u)yz.---B 208 als o fom  Jhe Suture (uuj“w

Gcnera\ Expression. of a M- step method
wg = 0‘-0,..

W

. w\=d.|lw7-=d11"' wm-l':'

Ame.
a, WJ-\ oy Wra ¥

o = Ao Wyt Ct am Wim

‘\
+ A% (b, S(&h.‘w‘.’ﬂ\ » b.s-(-i's,w-)\ £ bzf(-&:)_, ,w:)_,s 4 ¥ bmf (—13,,_,..,10.*

N

J=r
L

Ue o ONE STEP method o Calculate these

‘IY bO:O/

everything oaly

depends on past (EXPL—\ClT\
sides (lMPL\C[T)

w-) +\ oa borh



How 4o get these  moit-seep methods ~

Recall  +hat y'= FCG,yD y (&) =
j+3rl * vl
G yendt = 07 Segenas
~k jb , _
o S = 5oy - 5CaD fond amental  theotem of calcuius, so

*‘,f\ 4_0*‘
S*J yods 2 4G ) - y(ey) = f FCriytnYdt >

\j(‘kd\'\\ = 3(*’3\ i j f(-\',j(-\»)d-\—
\/\/—\J

451 =

Goal: Rewnte a3 nterval ; j+. F'(-ﬂ d4 -

+iv
Answer : Laﬂonse lntecps Vanar J._j Pardy

First Test:
Take ony  H4wo points {0 create the Lo.srznst Intepolant
of FC9)

Here ,  For o0 expliciy method  gse 1y, +g-1

PGY = § Chya g ) Lijo 0 % 5 Gy g ) Ly, (4O

I\ i

+- 4 -\ ™ |
J s T Fabimd o s
+J-\ = +J = A“- (+"\J\ '\':‘ - ’*J.\ A+ (+’+J"|\
+~\*\ . T
_\_ "'Jq\ _l_ JI'I
S"s Prdr = - A3 J,,_ C4=+~\A+ + AY j + (% - +J-\\)A+
J

[l

R4 41
ST
:) Z 4

J

i

N

2N+ (+33 =2t 4 )

Pl B i 1
AN ( “'j'l "'"’3\1 * 2A+( tye - +3\

conclusSioNn

0 e @



Conc\us',on :

*§ ey

8C+3v\): \\j(“:)w"‘ ‘S-\‘:, S, 3\6'\'

-

o 5 Jet
~ oy ) ¢ ay PCH AN

- 5 (s, 4y
YO v S (35 Chg G - AN )

~N
~/

an 2 WJ + .A..;g (Qj (’fj,wj) - ‘P("'J“ . wJ_.w\

This s 2 step [Adams- Bbrshﬁorﬂ\ J’Y\e‘\'hod O(A+™)

€ xprici¥ me,-\rhods\ * Calculus

(s Jast Adams -
O(A+m3 T A+ s restncked Bash forsn
\mphcw Me\—hodsw = SoWe 2n egvatien at each step Adams -

OCA+™") +

no +fime step Consyroink mOU‘H'ON

F‘or impucity we Wwould wuse "’J, '\'3_\ 5 “Jn



w S*:bbitiﬁry, Consis’cenc\/, Cor\vergence,

2nd of  numerical Schemes

|
I

o e e L e i S e e . . T, .

Keys in a numesical scheme
AP A AP PAANPNAP AP PP NANNS S S
l-step VS mul¥i-strep

Impriciy VS Exelicit

| GCoal of *oday ‘ determine 1§ ocur  Mmedcal  scheme is really
L T .

approaching  the Solution of  our (\VP.

z Recatl For numerical schemes, we have
é 4'= Sy actrsl 2% types of error
Yylad = — error in the model: We QqpPpfoach
the VP with & numencal Scheme

( Loc AL Truncq.-h'or\\ (T (A*\\

error for the  Solution :  discrete
Vs Exacy (solu-h‘of\
(lw- 3601
{ What abour srability 2
I\ 5-\—000\'\.3\-\/ , Consiskency , Convergence  for |-S+ep method s
Recall: For a \-srep method , W, = «

w\‘,§| = W) s A"'¢("‘j :Wj. A'{'\

! \0(0.\ Frung. error “ !
| Than = YT RIY

_ A \‘S*QP nuMencal Stheme IS CONS\STENT
i " Ame local Fruncation errar Ty (AY) goes 4o Q as At goesto 0"

aka (im max i-(:;(A‘\‘\\ = O
A+>»0 ©%34N

implig s

Definitian: A 1-s+tep mernod s CONVERGENT if " the ahsolvte error

of +the Solutions goes to  error as A+ goes o oY

ala Gm may | Wy - g(i—;,‘)\ =0
b+30 ocye N
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EX) Show  thav Euvlerrs metrhod  is conSisten*  2nd conversen&

b-a .
i Wo-'-GK Y] A'\':: /N J WJ\'\: bUJ“‘ A*fc*dle\

° -[“).y-\ (A*B = wJT' - wJ - j ("’J) wj\
Y
As Ak » O | (NEINI D ~y@yd D 5'(-\-33 derivative
JaN
*

T A > ') = 0+, w)d g'l= FCayd

So T (Aa) = O CONS\STENT
‘ A+ M L Gy
% * lwj-ge)] o= [an (et 2-0) L= lipschitz, M= opper bound

N

| As A+ > 0 becomes O CONVERGENT

.
|

- The Stabitiyy 0F |- Gtep Methods VS  Srabilisy for IV P
( Sma\  changes in Hhe initial condion or +he ft;nc.-\-mn Provideg a

Solution cloSe Yo  dhe exack Solutoa of [AVAN

VS
?’ ( Small  pertechaton i Yhe i hal condition  produce  Small - periur bation
} < OF  the approXimotkion -
How 4o  ensute  +hot 2
Theorem: If we have g Wo = A
5 Wi = Wi v A% ‘b (-\'3. w),&k\
L T coariavous, sadisfies o Lipschitz  conditian ,

| Soc  semaly DY TP the Aum. meitnod 5 STARLE  2nd -

Consistency €% convergence
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1\ S*Zbiu*y ., Constistency , cConvergence for muliti-step  methods

RQCQ\\: W, = X, w, = A / Wqa = d\z, PR Wmey = &L on-n

Utlj.n = g W ¢+ Ay Wiet t-o t aame UJ)Q\-m + AA F(‘\"u-\,.. bl R

m
Wier , . m)

Wi

Pefinition For QONS\STENC\; Valid  for Mulk¥i-sxep using obove 23 —CJH(A*)
Seme for CONVERGENCE

S¥2bility of mMuit-step methods rely 6A  Fhe rooks of the characteristic
polynomiak
To buld the charactecistic po\ynamial:
1) Teke ¥hq Firsk pack  of  your Sscheme
Wigi S Guo MIE. & G, iy F e ¥ Cupnsy LU oy

M-y

2  Replace Wi by 57 Wj by A _psns UJJ‘ﬂ—m = |

SRS = 30 e a2 Bt e e )
Ex) wé-“—- 2w + A*X F.(-\-J'.uu_-,} PN = N-%

Ex) WJ+\ < wj =il 2@{," 8)" A‘\’F(-\'j, uu_'D

N o A - / B 2

PONY = A - x% 4 N - 2
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-4

Sec 5.10 (p’arJr 3'- S*abikﬁy of Multi-Step mMetheds

Choractredst ¢ for  muMi-step methods oa  1[5/18  Lecture Notes

‘P()\\: )\M = O\o/\m-\ = a\‘/\m—z - T Am-y

1

,'Exw w\]n 21“3 = 3‘”3-‘ i Wj-q + Ax T ('*yi, AR W-J-u\
PN = 7

* kBN (o) = -8 5 step mewnod
PO = AT- 2N+ 353 -oa- o +6D)
[P(X\ = AP - 2N f3N - \\

i

Goal: Study the roods of POA) 4o derermine stability of the Scheme
e (Wh2t is the degree of PON? ( m#n degreew

g De finition ( e »@’ dit Give PN, a polynomial of degfee m,

and  denote by Ao M, A3, o, Am the coots.
IE alt  +Yhe roo+s )\ \ ( (B PNy m\ 2re such  +hat ‘ )\1 ‘ = l J
Yhen  PCA) satisfies a root condition

For numencal schemes, F I X} € 1 for +he roots of  +he characteristic

potynomial  PCA) , then we say +hat the numerncal Method satisfiey the

roo*  condition.

. _UNSTABLE _ STARLE |
o reot condidion | reot cendition V'

(') there is ar least | > LRl 4 B Lot o - |
one A, such that JML>] ll STRONGLY Skobie - WEAKLY Stable

! ,
i oaly one | 1=1 | More than oae [1=1
i ]

1]

““““““ } In se4 in set ad
| EX?mple Sets of roots *that satisfy roo+ Con dition .
i .y - .
E Lost, 88, 3, 6.25. ‘O.qqg —% f\,ljpl;o.s,“l,, 0.2s, o-qqg

i -~
é "O'|/ 0.2, O'QQE_) '.A‘l. Q-\, O-I,O‘qu AmeY

fakg B %W



{ [heorem: D a multi-step Method is STABLE if 2nd oniy if it satisfies Fhe

rootx condition.

2) @i method is CONSISTENT  fhen STABLE <5 CoNGRUENT

€X)  ABR: Wk = Wy %(35“.3'“33'“*3“ "‘”3"\\
AMR: Wi = w4 M (S5 Cagwn) + 85 Chywyd - § G wped)
2

Kondem: Wy = 2wJ v A% (5(‘{'5. wJ\ - 7~§ Chywin wj-D\ Investigate STARILITY
ps
A/ XA RN
ALY PO = A-A D A(A-1) ; 0,13 STRONGLY STABLE

am2) PO = A=A Y A(x-1) o £0,1%3  STRONGLY STABLE
> Rondom)  PCAY = A*-2N 3 A(A-2) ; §0,23  (UNSTABLE

[t

H



1 Sec 511 - Skiee Diffecentiol Equations

De finition: a Sttt Ditfetential €quation i srable (wel-posed ) Sor

which  common ¥ime-stepping Methods 2re  UNSTABLE , except for

Small  AY

How +o tdentify o sttt equadcion?
2 This \s _Characterized in fhe solution Cof WP by « term aof the
-c*+
Form 1 & c \ g ¥ OIQ'N'S&

) _ -20t _ C-O.S* Sin C*l) _ ) o
Ex) ynr = e PR &, & Y e o gley 5 s§n§+ D Viz el

S

Tn gencral, e test the methods on a  simple shff d:ff. eqn. to find
the restrictions oa At
3'“—'—C‘j , (@€ + <) ylor= 1 3(~H=/€~C'Q

F(ri9)= ~cy

TS
Lets apply  Euler’s (A{'= o/N\ /|
Wo = | Wiy Udj + A‘t_fc*_;.u.g\
wy + At (-cwp)

W

i

2 {UU)H = (V- cat) WTJ Geometric Series
‘ \ . AY=>0
wy= (1 - e A W lwj -yl = L (1-cavy’ - M| > 0?2
\L/.H-—vo \LA&-»Q
; ) | | v
e 1G-canyi- ettt | I8
i ERE > Yeu. i€ | l-cas ]l < |

0? O -1 < | -—cAar < |
| -2 < -cAt < O

L 2 7
g Cc >4+ >0 4ime. restnction

L F—— »



For a molyi- step method

A
GXB ABl (-Ujﬂ = . +.F ( 3" A?T‘L (+j-llw‘j‘l3
(3‘ =-C\5> | B iy
2 ,;(UJ- (1- ch*'/ ) i C%_+ Wj-1 exzmple
J

. Do charagrensbc polynomial ;
c At
POay = A (1- 987y - <M, |

L‘> roo* condition, oan A+t





