MATH 350 — Midterm 1, February 17, 2011

Make sure to show all your work!

n ,
{ ! 0 1. The k'-order derivative of the function f(z) = In(z+1) is given by di;k' In(z+1) = %1—)'

k=1,2,...

(a) What is the Taylor series for f(z) about the point zq = 07
(b) How many terms are needed to compute In(2) based on the series from (a) with an error of
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/ "1 po 2. Consider the expression z (\/ac +1-— \/E) which becomes problematic to evaluate for large values
L O of z. For example, for z = 108 MATLAB produces an answer of 5000.000055588316 while we
g should have (using the same number of 16 significant digits) 4999.999987500000.

b{ (a) Why is the MATLAB answer not more accurate?
Y (b) Find a mathematically equivalent form of the expression above that permits a more accurate
evaluation and use your calculator to evaluate this new expression at = = 108.
U (c) Repeat part (b) for the expression =532 and z = 10~8. The correct answer, rounded to
16 significant digits, is 0.5000000000000000.
L (d) What is the correct value of the expression from part (c) for z = 1078 if 20 significant digits

are revealed? Show the work that reveals these additional digits.

Note: depending on how fancy your calculator is, it may provide enough precision to already
evaluate the original expressions above “correctly”. This does not give you an excuse not to
perform all the work requested for this problem ©.
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(Y\\Q/ ) 3. You may use exact arithmetic for this problem. Consider the matrices

11 -1 100 11 -1
A=| 12 —2|, L=| 110], U=|01 -1].
21 1 -2 3 1 00 2

L/ (a) Show that an LU-decomposition of A using an appropriate pivoting strategy results in the
factors L and U listed above. Show and explain all steps of your work.

(J“ (b) Use the matrices L and U from above to efficiently compute the inverse of A.
L} (c) What is the £-condition number koo(A) of the matrix A given above?

(d) What can you say about the relative error of the solution you've computed for a linear
L/ system Az = b with A as above assuming you’ve checked that your computed solution has

a residual of |7l = 1078||b]|00?
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( I ,\? 4. (a) Find the quadratic polynomial that interpolates the data
v 2] 012
A y||-11-117

Simplify your answer to the standard form p(z) = az? + bz + ¢ with appropriate values of
a, b and c.

(b) What does the degree five Lagrange basis function L4 look like for interpolation of

, 210 12 4]7
$ y[21]35[-18|35]0]0

?

Provide both a formula for Ls(z) and a (very) rough sketch of the graph of Ly over the
interval [—2,7]. Be sure to label your axes appropriately.
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5. Consider the data

Yy

3|1

over the interval [1, 3].

and provide both a formula for and the graph of the piecewise linear interpolant of this data



A=1[6-224;
12 -8 6 10;
3 -13 9 3;
-6 4 1 -18];
b = [12; 34; 27;
[n,n] = size(d);
= (Lsn)?;
for k = 1:n-1
[r,m] = max(abs(A(k:n,k)))
m = mtk-1
if (A(m,k) "= 0)
if (m "= k)
ACk m],:) = A([m k]
p([k m]) = p([m k])
end
end
end

b(p)

-38];
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6. What is the result of the following sequence of MATLAB commands:

Output here
Output here

Output here
Dutput here

Output here

Note that this code contains an excerpt from lutx.m. However, due to the fact that it has been
removed from its context it probably behaves differently than you might expect. Therefore,
follow the code carefully. It produces quite a bit of output. Please list all of it.

MATLAB Help states

O =

max(A) returns the largest elements along different dimensions of an array.

If A is a vector, max(A) returns the largest element in A.

If A is a matrix, max(A) treats the columns of A as vectors, returning a row vector
containing the maximum element from each column.

[C,]] = max(...) finds the indices of the maximum values of A, and returns them in
output vector I. If there are several identical maximum values, the index of the first

one found is returned.
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