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You are allowed to use paper and pencil,

Problem 1: ( 10 Points) Describe the following concenpts in a concise way (focus on the most
important things, no more than a couple sentences are needed)

* Simpson rule

* rounding errors

* Nyquist [requency
* Givens rotation

+ gradient descent

| Problem 2: ( 6 Points) What are the convergence rates of the Bisection and the Newton-Rhapson
method? Give also the proof for your statements.

Problem 3: (6 Points) Can you give a fixed point iteration for the solution of the equation
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(we are interested in the smallest positive root al_'csund'OL'Sj; Does the method converge?

¥

Problem 4: ( 4 Points) Show that the trapcxoidal 1megrnt10n rule is exact for lincar functions, and
that it is not exact for quadratic, polynomlals. i
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Pmbiem 5: (6 Points) When calculating a numerical derivative using the forward difference for-
mula, what is the best siepsize that we can employ and why? Ay




JProblem 6: (6 Points)  You have a large positive definite matrix and you are interested in its two
largest cigenvalues. How can you caleulate them? Does the method also work for a non positive
definite matrix?

Problem 7: (6 Points) Define the LU decomposition of a matrix. What is pivoting and why might
it be needed?
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Problem 8: (4 Points) Why is the iterative solution advantagcous for the solution of lincar systems
defined in terms of a sparse matrix? (or is it?)

j Problem 9: ( 6 Points) Show that using the Forward Euler method to solve the initial value problem
U = f(y,1), y(0) = a with the stepsize At < 1, one should expect that we get y(l) up to an error
of O(AL).

Problem 10: ( 8 Points) You arc throwing a ball of some mass rn and radius r from zero initial height

with an initial velocity vector v = (vp, 0, vp). There air resistance is given by a force I = —nvu.

(There is of course also gravity). What should be vy such that the ball lands in distance d (on a
~ horizontal plane)?

Describe the steps of a numerical solution to this question.




