Math 466/666: Midterm Version A

This is a closed-book closed-notes no-calculator-allowed in-class exam. Efforts have been
made to keep the arithmetic simple. If it turns out to be complicated, that’s either because
I made a mistake or you did. In either case, do the best you can and check your work
where possible. While getting the right answer is nice, this is not an arithmetic test. It’s
more important to clearly explain what you did and what you know.

1. Indicate in writing that you have understood the requirement to work independently
by writing “I have worked independently on this exam” followed by your signature as
the answer to this question.
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2. Consider the matrix A with inverse A~! given by

-1 2 0 07 (-3 0 -3 -3
— 1 1 1 2 2
, =1 =5 3 L -3 0 3 3
= |1 an = 1 11 14
2 00 5 2 —3 —3
1 _ 1 1 2
I 0 0 ‘1_ -5 0 3 —2
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Recall that the matfix 1-norm of A may be computed as L K,

||A]|1:max{i|Aik\ :kzl,...,n} where n = 4.
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Compute [|Al|; and ||[A~Y||; and then use the 1-norm to find cond(A).
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3. Let f:R — R be a twice continuously differentiable function such that f(«) = 0 and
f'(a) # 0. Explain why Newton’s method, given by

f(z)
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where x( is an initial approximation

is quadratically convergent. That is, provided zq is sufficiently close to a prove there
exists a constant M such that
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4. Explain why it is sometimes said the number of correct significant digits approximately
doubles with each iteration when using Newton’s method.
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5. Given a unit vector v € R™ the corresponding Hausholder reflector is H = I — 2vv”.
Show that H is an orthogonal matrix.
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6. Factor the matrix

_12 r,efr,-
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as A = LU where L is lower triangular and U is uppeptriangular.
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7. Consider a hypothetical computer which performs all arithmetic in decimal using
round-to-the-nearest with 7 significant digits. Let x = 1.437592 and y = 1.431256.
Find the value of z = = — y as calculated by the computer and explain how many
digits of precision were lost when performing the calculation.
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8. If you are enrolled in Math 466 prove one of the following theorems; if you are enrolled
in Math 666 prove both of them: '

Proposition 6.3 All eigenvalues of Hermitian matrices are real.

Proposition 6.4 Figenvectors corresponding to distinct eigenvalues of Hermi-
tian matrices must be orthogonal.
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