18.06 Professor Strang Quiz 3 Solutions May 5, 1999

1 (a) Ay =1 (because A is a Markov matrix) and Ay = .3 (from the trace).
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(c) The limit is - [ g ] = [ g ], a multiple of the eigenvector ;.
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, =, —1 so the determinant is ——.
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(b) True (A is given as symmetric)

2 (a) (24 —I)7! has eigenvalues
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(c) True (no negative eigenvalues; A is positive semidefinite)
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(d) Not enough information: —A = 1 is not Markov, —A = 505
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is Markov.
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3 (a) 27 AT Az = (Az)"(Ax) is positive unless Ax = 0. (Then it is zero — so if z is in
the nullspace of A we do have 27 AT Az = 0.)

(b) A(ATA)A™! = (AAT) so the matrices in parentheses are similar.
(c) ATA = (VETUT)(USVT) = VETSVT.

4 (a) A has eigenvalues 1 and —1 (then a + 1 and a — 1).
R has eigenvalues i and —i (then b+ ¢ and b — 7).

(b) We need a + 1 < 0 for stability so the condition is a a < —1.
(c) We need the real parts of b+ and b — i to be negative, so the condition is b < 0.
(d) We need a + 1 and a — 1 to be positive, so the condition is a > 1.



