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Show your work! No calculators! Please draw a 'box | around your answers!
Please do not write on your desk!

1.(12 pts) Consider the diferential equation ru’+u' =0z — -‘J + 240 — i‘} w(0] = u(2) =0.
Write the matrix equation whose solution would give an approximate answer the the differential
equation with h = l You will not get any extra points for solving the system — just write all
of the matrices. {Frg ' lef Leu‘remd -:hi;E‘/ Eur:eq&
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2.(04+5+3+3+2 pts) Let A be the symmetric matrix { 1
0]

(a) Find the eigenvalues and corresponding eigenvectors of A,
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(b) Give QAQT decomposition of A where @ is an orthogonal matrix and A is a diagonal

matriz.
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A = Q- A QA

(¢) Compute A'™ . (You can leave your answer as two pruduEIL of matrices, not as powers. )
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{li].Write energy function E{r} = r" Ax of A as sum of three squares by using Q7AQ m_
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(e} Is A positive-definite ¥ Explain.
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3.(5+5 pts) Consider the spring-mass system with two masses my = 3, my = 2 and two springs
with spring constants ¢, = ¢y = 6, where top end is fixed and bottom end is free,
(a) Compute the stiffness matrix K. Show vour work. %
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(b) If the system is in equilibrium, what will be the elongation of each spnT?
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4.(14+2 pts) Consider the free/free spring system consisting of two masses m; = 1 and m. = 3
connected by a spring with spring constant ¢ = 3 with no external forces present.

(a) Find uy(t) and us(t] (the position of the two masses as functions of time), if the masses
start at position wi{0) = 6, wue(0) = —2 and velocity w0} =6, wi(0) = -2.
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(b) Explain the movement of the masses,
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5. (3+3+3+3 pts] This problem has four unrelated parts about eigenvalues, eigenvectors and
positive-definite matrices.

. . _ 1
(a) Let A have eigenvalues -2 and 3 with corresponding eigenvectors [ 1} and [f}
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respectively. Compute A - v where v = |: ]
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(b) Given lim AF = O for a symmetricd x A matrix A. Which of the following matrices ean
be A7 Explain. (Hint: Consider 4 =5-D 57"
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(¢) Given K = A"A where A = | -1 1 1 ] Find the valuetpf ¢ so that K is positive-
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(d) Show that any positive-definite matrix { has positive entries along its diagonal.
(Hint: Compute the energy of standard basis vectors.)
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6.(4+34+3+242 pts)The following parts involve the matrix A = L 3} .

(a) Find the LU decomposition of A.
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(d) Compute the determinant of 4 by using ().
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{d) Is A positive definite? Explain.
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T.[10+4 pts) Use the method of least squares to find the best fitting formula uf the form
) = ax® + b to the data below, and compute the error, e7e.
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