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Problem 1. Derive the Adams-Moulton two-step method using divided di↵erences for the interpolating
polynomial.
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MEL for A-M (3rd order) : ¥, fi.
fit:

win -wi-hfbzfi.tb.fitb.si . .]
""Yeon#

ti -I ti titl
Difference -

table
: It!! ¥÷If÷,

Laffin ⇒ Ptt) -- fi, trot." Lt-t.it#z02fi+iCt-titDlt - ti)

Here
,
we usebackward differences : Tfit, = fit , - fi , 021-+1=0fin- Tsi = (fin- fi) - (fi-fi,)

= fit, -2fit fit

Thus
, SI!

'

pet)dt= SI!
"

[fit, ttnofinlt-titttzthzhfitilt-tit.int - til]dt
f- tirsh→ = S! [fit, t 'zo¥+, Cs-DA t# 07in ls-DK.sk) (hols)

= h [Sjfitidst fit, fils-Ddst fit ,So
'

Cs-Dsds]
= hfit , tofit, C-⇒t#fit, EID
=h[fit , -Elfin - fi) -Elfin-2Sitfi - e)]
=h[LI-E- '⇒fi, tht fi -Efi -if
=h[fzfititfzfi - TzSi - I]

Now
, yin

- yi = S!!
"

Elt .yltDdt - Seti" Plttdt . Thus , yin = y ; thisfit , t# fi - TzSi -if



Problem 2 (5.10, #4-ish). Consider the following multistep method to solve the di↵erential equation:

wi+1 = 4wi � 3wi�1 � 2hf(ti�1, wi�1).

Analyze this method for consistency, stability, and convergence.
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Multistep methods: with -_ am-i wit din-z wi- it - - - taowi-mtl . One step :

thfbmfititbm-i fit . - -tbofi-mtdwote-with.co/lwi,tDm--2
→

I
, Io IEEE, kinky → O

plugin exact solutionto schemeconsistency :O. #
htitilh-y.at - (4yi-3yi-i-2hflti-i.y.it))

Now
, yin

-

- yltithl-yltisthyllt.it Ey"Cti) they"
' Cti)tOCh4)=yithyit¥yi" they:''t 06h47

y.i.i-ylti-H-ylt.D-hyht.tt 'Ey"Lti) -Ey
" Cti)tObh4)=yi -hyithzyi' - hIyi" + Oth'D

f- (ti.i.yi.D-ylti-ir-ytti-H-yhtil-hyyt.it#y' " ltistobhD-yi-hyithzy.it'tOchs)

Thus
, htiti-lyithy.it 'Eyi" they :") -4yit3lyi-hy.itEgil -Fyi

")

=/ t2h¥hyi" that Focht)
2kg

"
-Fyi" - 2h2yi' ' thy !"tOlh4)=2hJyi"tOCh4)

Thus
,
Tirith) -- Fyi" h'tOth) - Ochi

.

Hence
,
themethod :# consistency

stability : p =p -

a.X- ao -- 12-47+3=(2-312-1)
⇒ 1--1,12=3 .

Does not satisfy root condition , so unstable .

Convergence : Since this multistepmethod is consistent but not stable,
themethod is not convergent by Theorem 5.24

ingeneral spa) -- Xm - an - id't
.
. .

- aid- ao



Problem 3 (5.10, #7). Investigate stability for the di↵erence method

wi+1 = �4wi + 5wi�1 + 2h[f(ti, wi) + 2hf(ti�1, wi�1)],

for i = 1, 2, . . . , N � 1, with starting values w0, w1.
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I
, a%

Stability : plz) = 12 - a ,
X- ao = 12+42-5 = (x-Dats)

⇒ X
,
=L
, 12=-5 Does not satisfy root condition , so unstable .



Problem 4. Find the region of absolute stability (RAS) for the midpoint method:

wi+1 = wi + hf

✓
ti +

h

2
, wi +

h

2
f(ti, wi)

◆
.

Plot the RAS using Matlab.
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Consider model problem : y
'
-

- flt , y)
-

-Xy ,
exact sein y

LH --ett

Then
,
win = withfltithz ,with flti , wi)) =withfltitkz ,with =withNuitEXwi)

= ( t tht t HII ) wi = . . -

= (IthitHII)
"

too

Thus
,
we get Qlh1) = Ithtt lh¥ ,

or QG) -- ItztZI

RAS -

- Eze Q : IQG)143
.
We want 101271=11 tzt Kl

.

This is equivalent to lttzt¥141 or IltztEET- 1<0 .

Now
, letting E-xtiy ,

I ItztE )! (ItztE)(HETE) = (HGtiyItGt) (I Hx- ig)tHII)
= Clltxtiy) t 47229--54) (ItG-iy) +42-2×2--5))
= ( ItxtE- E til#g) (I txtE -E - ill+Hy)
= (ItxtE- HE)2t(ftp.y2-CItxttuh-DLE-E) t (E-E)2tUt2xtx2)y2
=Ct2xtx4tG2tx3_yY-xy2)tILx4-2x2y2ty4)tyYt2xy't Rya
= ¥tYIt×¥tx3txy2t2xt2xtl

Thus
,
we need Ift# t×¥tx3txy2t 2×2+2×0



y
'
= felt , g)
¥ f Lt , yHD = 8¥ Lt.yet) t effect, yED . da
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d¥fCtryHD¥tf' It ,yHD
= f¥ It , gGD t f¥t Ct , yGD . Ht , yGD
t Itsy GD t 8¥ ItsyHD . Stt, yCHI .Ht, y LTD
+ Fight , yHDof' ft , yhtt)

Local truncation error
with =withHwi , t)
hitit I = yin

- di th fly i,ti))
h. Ich) = y , - lywqthdlgg.to)) - y . - twotho too .toD=y , -w,

Systems offirst order equations

yet = ) -- Itt , ya
y : = soft .

y i = - y ,

ya
'
= yztst

yz
'
= y , tyg


