MCS471— Spring99 — Numerical Analysis— Hanson
FINAL EXAMIN ATION
1pmto 3pm— 04 May 99 — 316 BurnhamHall

THE RULES:

A.Receivingor giving aid in a final examinationis a causefor dismissafromthe University.

B. Keepyour eyeson your ownexambookletandkeepyour ownexambookletcovered.

C. Youmayusea double-sided®.5”x11” Formula Sheet but on otherpaperbesidesexambookletsand
youmusthandin your signedformulasheetevenif otherwiseblank (no examplesand problemcan
beonthesheet).

D. In computationafuestionsuse4 Digit ExamPrecision: Chopto 4 significantdigits only whenyou
recod an intermediateor final answerin your exambooklet;and continuecalculationswith these

choppedyecodednumbes.
0. Stateyourcalculators a)BrandName(e.g.,TI?) c) DisplayedDigits (e.g.,107?)
b) ModelNumber(e.g.,817) d) Is your calculatorProgrammable?

1. Useanefficient, composite,5-point Trapezoidal Rule to numericallyapproximateheintegral of
apiecavisefunctiongivenby

2
1.5 X 13 05<e<1.0
, 0.o< xz < 1.
/ f(x)dx, where f(x) = 4 ,
0.5 Xtd 10<z<1.5
x“ 4+ 4 -
minimizing the numberof floating point operationsandfunctionevaluations Also, takulate
i 0 1 2 3 4
T;
Ji
for all valuesused.{Caution: Youmusttreatf (2) asonecontinuougunction} (40)

2. Usea composite,1-point GaussianQuadrature (3 X G ; i.e., 3 pointstotal) to numerically
approximateheintegral givenby

/abf(w)dw :/0.75 02X i

0 x+ 8
minimizing the numberof floating point operationsandfunctionevaluations Also, takulate
i | 1 2 3
t;
Ti
F;
for all valuesusedwhereF; = F'(t;). (40)
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3. Estimate the maximum stepsizeh for Euler’'s Method appliedto thefirst orderODE

y/(w) — f(wvy(w))

neededo make the absolutevalue of the theoreticalglobal discretizatiorerror lessthantol —
0.45e — 2, giventhe (x, y)-dependenbounds

lyl <0.5223, |f(z,y)| < 0.5649,
Foley)] < 014320 - lyl,  |fy(@r9)] < 0.04321[a,
for eachx on[ — 0.5710,+0.4710]. (40)

4. Usingthe4th Order Runge-Kutta Method, numericallyapproximatehe solutionto thenonlinear
IVP by

y'(z) = 0.4710 - y(x) - (1 — 0.05444 - y(x) /(1 + z*)), y(1) = 200,

withh = 0.025 for two X-steps.Takulate

n X, Y. RK1 RK2 RK3 RK4 Xn+1 | Ya + AY,
0
1
for all valuescalculated. (40)

5. UsingtheAlgebraic BVP Method, numericallyapproximatehe solutionto thelinearBVP,
y'(x) +z-y'(x) + 3-y(x) = —0.2-2?,
y(1.25) =25 & y(2.00) = 1.5,

usingfinite centraldifferencingof derivativeswith h = 0.25. Takulate

n 0 1 2 3
Xn
Y,

n

In solving, usethe Thomastridiagonaleliminationalgorithm. Sketchyour approximationY,, in
thezy-plane. (40)
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