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Problem 1: Centered derivative approximation (20 pts.)

Show that the centered derivative formula for the second derivative is exact for the
function f(x) = a + b x + ¢ x¥*. Why is that?
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Problem 2: Gaussian elimination (20 pts.)

Given a linear system of equations }__ A,.,z, = b, where 4,,, is an element of a

known N dimensional matrix, b, is an element of a known N dimensional vector, and
T, 1s an element of the vector of unknowns, describe how you would construct an
algorithm to find the unknowns. Use nested for loops. Indicate clearly the operations
and the indices which are looped over.
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Problem 3: Advection equation (20 pts.)

The advection equation is given by % = —c22 0* The Lax scheme to solve this equation
is given by 4! = % g, 41+1

A ). Derive the implicit analog of this
scheme and calculate its stability.
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Problem 4: Eigenvalues of matrices (20 pts.)

Given a matrix A describe how you would find its largest and second largest eigenvalue
and eigenvector.
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Problem 5: Integration by quadrature (20 pts.)

Given the function f(x) = ax’ + bx° on the interval [0,1], propose a two-point quadrature
integration scheme to evaluate the integral exactly. Show that the scheme is indeed

exact by performing the integration by the scheme proposed and by analytical
integration.
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