
MATH 566 Spring 2009
Exam 1 March 11, 2009

Please begin each problem on a new page, and write your name on each page.

1. (25 pts.) Consider the linear system

3x+y+z = 1

2x + 5y + 2z = 3

2y + 3z = -2

Start with an initial guess of [0, 0, O]T and compute

(a) the second Jacobi iterate.

(b) the second Gauss-Seidel iterate. ..
2. (25 pts.) In solving the linear sys~em Ax = b iteratively, we can write A = P - N and generate a

sequence X(k) by the formula
x(k+l) = P-1Nx(k) + P-1b.

Denote the residual r(k) = b - Ax(k) and show that the iteration formula can be equivalently expressed

as
x(k+l) = x(k) + p-1r(k).

3. (25 pts.) Use the 4th order Runge-Kutta method to numerically approximate the solution of

y' = 2ty + 1, y(O) = 2

with h = 0.05 for two steps.

4. (25 pts.) Consider the linear multistep method for the ODE y' = f(t, y), y(to) = Yo:

h
Yn+l = Yn + 12 (23f(tn,Yn) -16f(tn-l,Yn-l) + 5f(tn-2,Yn-2)).

(a) Find a formula for the local truncation error.

(b) Is the method consistent? Stable? Will it converge? Prove your answer in each case.



~~\J/ m --1) n t-~7C'" II l(.,l~ ::) l2 \J)

~(1Io9
EXQm1

" 5 0 { lILt ( O'JS

/, x-= ~Cl-y l) . ~
y : ~(3-;)X-J't) (;x\\~,~ _.f-A

~ - ~ (- d - 07y ) ,t t~teA~"~

(~) Xu)::: ~ y-li):::.?I'!)' lo),"=: - ~ " ..

XC;2.)=:: 3( I-?;{~t~) -:::.. ,(O~S-

y (~):::. Ys- (3 - ~ ~~3) =- \~~
i. (~)-=:: ~ ( - ~ - ~(s ) -:. _1~S-

(b) XU)=3
yti) = ys-(~-~~-== ~S-
~u) =3( -~ - \LV,s) -= -'--{~L/~

Xa)-= ~(1-7~5 + ~'W~ ~ O,S"D37 "

y()..) =. V5(3 -d'(O.PJ~ - ';:)(-'\~45r)~ 0, 1&qlO3

"l. ~) ~ ~ ( - J - ~ (b. 7rI" 3) )k!~ J,IQ;3C>$ ?
;), );(tJi\: f-/~ ){lJ(.,)-+ L? -'(f~)+A ~ (k.)) (Slflt:f2 CO-~b-~.l~

-:=. .e-1 (~ +,1 )6 ~)+ P -I r~) .
- --

= £ -I f X (.J(;) + ,0-1 r~)
- --

-= ~ CIl..,).,. f -/ f' ~)
- -

"'"~ "



3, ~1::::' os- (d (o)Q)+I) =. D~
~ -:: I OS-(~ (,~)~ f- ,~) 4l) = 0, DS)'7)t,j

.Jt~ -= ,DS'" {;;. ('-p#j(;).J. '~) +1)=, DS~'O(Pq
4 :::- . os- (J (, OS-)(J +1 O.,)~l.o '1) + I ) =, ex,P;;1 ~ S-
'/t -= ~ t Yw (o~ I--d( 05$'0&3) -I J( OS:2)l.c,~)+, ~O;;;7S)

. -==,J, 0S3111 . ~

1<1 -= i'O~ .(o16"t)~(c1, OS~),L I) =~ (){P001~

~~ ,~S::(J-(iOS f ,~)(~, D55D9 + ,L:~~~~?:?)T') =, o{QS-&39
t!,== :tJS(O?GOS-I-., ~)~ OsSb9 ~ . O~+ J) =, O(P!:>~59 ..

~ -==, OS-( ~C () (oI, OS-sD?+ I Ot.t~.Clsq) + I) =.. 0 (I.~O7

y~ -:::. ~ OSS'"Z11t4- ~(O,O(P~7S of ~(O,{)&'S"&:)q)+J(O,O(.pS(P~ tDIJ7(~{)

"'=:. 2.~S-d'3 . .

lIJ h I Sh\/' 11 )~ ,@'tn+,= t [ Y (int,) - {Yn + '¥fh y~ - * Y{'t;\+~ ,(\-J J 1) y,,-=ylt

Y(~~-::\j(~)t h~\(t(\) + ~y'\(~ ') +~ Vl'I(~ \ + h,4 y{4,Cl)

y~-\ -= \j\(t(\-~ -=.. y (+n 1-hy ''It) : (-fy'I~(fl'\ )+~1~t/r11)

y ~~= y '(f,,:J..) = yl(~)_:)~yl\lt) + (:?]!tV Itl(~) t (-JhY y{tirI)
,.. ! " . ...:::40 '3T ~

\tl -=*[ hy'(~) "1-¥i4j! -~~6ha¥ll{ff\ )r~-t~)
+ h),/"l(~) [t:t ~ ~ .j.h"'y(t()(~)Ljq-&{t )-t~ fiI)'

+ O(h 4) 1. / . ~ I~ l 'l.9 ~

== 3~'6' h 3 Y (tl){l )

@51{)CQ ~l=O~) It IS CD/2S'I-*n;t

,111-:. :- .~--

. ~



~
P(A) -=: A -I =-0

=.-) (A-' )(~ ~+A +l)==D

A = I - { :t Ji-='((---
} --~.-

j -j + ~ if=-.Il(~ ~ I

/-1- qi 1= I .
.==. ) I At I . -= I) I / I ~:t~o Ie&t C""Y1C:~~~~~l-YG ..

. ~ ~t:Ie 5 I /) C.t ,.~a~J?
1Ii M ~ ~ t( : " W'{; /S<RMi ~ f Wf Cu~,:i~.u~~u :;:> C!l>"tJ ()I/~~:)

,

'--
, ,


