Engineering Mathematics 1
(Comp 400.001)

Midterm Exam II: May 15, 2003

1. (10 points) Consider the iteration defined by

f(zn)

This is known as Steffenson’s method; and it has local quadratic convergence. Starting
from zy = 2, apply two steps of Steffenson’s method to

f(f]'))z.’EQ-"Q,

Tp+1 = Ty — f(xn)

for the approximation of v/2.
(Extra Credit: 30 points) Show the local quadratic convergence of the above
iteration method.
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2. (20 points) Show that, when the matrix A is accurate, an inaccuracy b of the right
side b causes an inaccuracy 0x satisfying

loxl _ . bl
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3. (15 points) Table 1 shows the result of applying the Runge-Kutta method to the
following initial value problem with A = 0.2:

y=—(y+1)(y+3), for0<z<1, y(0)=-2

Fill in the blank; and show your work for partial credit.

T Yi

0.2 —1.80263
0.4

0.6 —1.46296
0.8 —1.33598
1.0 —1.23843

Table 1: Runge-Kutta Method
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4. (25 points) Using h = 1/3 and k = 1/2, approximate the solution to the following
elliptic equation
Uge + Uy =4, 0<2<]L, 0<y<2

with boundary conditions: @
u(z,0) =22, w(z,2)=(r—-2) 0<z<I;

w(0,9) =7°, u(l,y=@-1)?% 0<y<2 n % @@ f

Set up a system of linear equations. D P
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5. (30 points) Consider the following parabolic equation (warning: this is different

from u; = ug,!):

up = dugy +100, 0<z <1, 0<t<0.01,

with boundary conditions

0, for0<t<0.01
0, for0<t<0.01

i ifo< gz <02
u(,0) = { 0.25(1 —z), f02<z<1

Approximate the solution to above equation using Crank-Nicolson method with h =
0.2 and k£ = 0.01 for 0 < ¢t < 0.01. Set up the Gauss-Seidel Iteration that solves this

problem.
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