MATH 350 — Midterm 2, April 7, 2011

Make sure to show all your work!

/

1. For any non-negative integer p the function

()" P ifx >. 0,
e == .
+ 0 otherwise

is called the truncated power function.

Show that s(z) = (z — 1)} is a cubic spline and sketch its graph for z in the interval [0, 3].
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/\@> 2. Consider the nonlinear equation z2e® = 1.

(a) Show — using a rigorous argument — that this equation has a root in the interval [0, 1].

(b) Use the secant method with initial guesses zo = 0 and z; = 1 to obtain the approximate
root x4 (which should match the first significant digit of the “exact” solution z = 0.7035).
Use at least 6 significant digits in your calculations. -~ , -
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3. Consider the three U.S. population data points taken from censusgui.m (here z measures years
since 1900 and y is the population rounded to the nearest million):

z

0

10 | 20

Y

76

92 | 106 |

Since population growth is often assumed to follow an exponent1a1 curve, we want to fit the data

with the model y = ce®

(a) Apply the natural logarithm to the exponential (i.e., nonlinear) model given above to con-
vert it to a linear model for an appropriately transformed set of variables.

(b) Use the linear model you derived in (a) to obtain a prediction for the U.S. population in
the year 1925 rounded to the nearest million.
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4. Consider the matrix

1 0 -4 -3
; 5|4 )

Use the definition of an orthogonal matrix, QTQ = |, to ﬁnd values of o and B that make Q
~ orthogonal.
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- N : 1
(’ Y. \) 5. Consider the integral I(f) = / 122 dz with “exact” value I(f) = 0.78539816.
\¢ ) 0

(a) What is the expected accuracy of the composite trapezoidal rule Ty, i.e., how do you expect
the approximation error E,(f) = |I(f) — Tn(f)| to change when you double the number of
intervals used in your approx1mat10n from n to 2n7

(b) Illustrate your statement made for part (a) by computmg trapezoidal rule apprommatlons '

T, and associated errors E, based on n = 3 and n = 6 subintervals.
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6. This problem looks at the use of the SVD to obtain the least squares solution of an over-
determined linear system Ac = y. Consider the following MATLAB input and output:

>> A = [0.3111 1.1031; 1.5556 1.2728; 1.4708 1.3576];
>y =1[111]7;
>> [U S V] = svd(A) : _

U=
0.3333 0.9333 0.1332
0.6667 -0.3333 0.6667
0.6667 -0.1334 -0.7333

g =
3.0000 0

0 0.6000
0 0
vV =

0.7071 -0.7071
0.7071 0.7071

What output is produced when you next execute the following code?

r = length(find(diag(S))) — '\C..:_.;Z;e.
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