18.06 Solutionsto PSet 8

2 =2 —1. Each unit eigenvector could be multiplied byt

1] 2 b2 The columns of) are unit eigenvectors of
-1 -2 2

7. (@) (a) [; ﬂ hasA = —1 and3 (b) The pivots have the same signs as Mg

(c) trace= A\ + Ay = 2, S0 A can't have two negative eigenvalu s; f has\ = —1

and3 (b) The pivots have the same signs as Mg (c) trace= \; + Ay = 2, S0 A
can’t have two negative eigenvalues.

16: (a) If Az = My andATy = Az thenB[y; —z] =[-Az; ATy]=-Ay; —z]
So—\is also an eigenvalue d@. (b) ATAz = AT(\y) = \2z.(c) A= —1,-1,1,1;
x; = (1,0,—1,0), o = (0,1,0,—1), =3 = (1,0,1,0), x4 = (0,1,0,1).

23. A s invertible, orthogonal, permutation, diagonalizable, MarkB\is projection, di-
agonalizable, MarkovA allowsQR, SAS™', QAQT; B allows SAS~! andQAQT.

6.5:

2 1
12: A is positive definite fore > 1; determinants:, ¢ — 1, and(c — 1)?(c + 2) > 0.

B is never positive definite (determinants— 4 and—4d + 12 are never both positive).

19: All cross terms arerl z; = 0 because symmetric matrices have orthogonal eigenvec-
tors. So positive eigenvalues positive energy.

20: (a) The determinant is positive; all > 0  (b) All projection matrices except are
singular  (c) The diagonal entries of are its eigenvalues  (di = —I hasdet = +1
whenn is even.

g oA_ |3 6] _ (L O3 01 2 Pivots3, 4 outside squares,; inside.
16 16| 0 4|0 1| zTAx=3(x+2y)?+4y?

1 -1 [0 11
22:1%:LlH ﬁ} LJ:[Z 1};}2:@[4 O]QT:[?’ 1}.
V2 V2 1 2 0 2 1 3
. [3 00 11 1
26: The Cholesky factor§' = (L\/E) = {0 1 2landC = 1|0 1 1 } have
00 2 0 0 V5

square roots of the pivots fromD. Note agairC™C = LDL™T = A.

33: A productAB of symmetric positive definite matrices comes into many applications.
The “generalized” eigenvalue problemikz = MMz hasAB = M~'K. (often we use
eig(K, M) without actually invertingl/.) All eigenvalues\ are positive:

ABx = \x gives(Bzx)" ABx = (Bx)" \z. Then\ = 2" BT ABx /=™ Bz > 0.



6.6:

0

2. A= [1 3 is similartoB =

o o 12} i 3

0

0 1} is by itself and als{1
. SameA o 1]
8 SameS ButA = [0 0]

12: If M~ JM =K thenJ M=

0 1
0 1

o3

are similar (they all have eigenvaluésand0).

— M-TAM with M = [‘1) (ﬂ

(1)] is by itself with eigenvalues and—1.

andB — {0 2] have the same I.ine of eigenvectors
0 0| andthe same eigenvalugs= 0, 0.

Ma21 M2z Ma3 Moy 0 mp2 mz O

0 0 0 0 — MK= 0 Mmoo Mg 0

M4l M4z M43 My 0 m3z2 m3z 0

0 0 0 0 0 mg2 my3 O

That meansns; = maos = mog = moy = 0. M is not invertible,J not similar toKX .
21:.J? has thred’s down thesecond superdiagonal, anvo independent eigenvectors for

A = 0. Its 5 by 5 Jordan form is[‘]3

0

10
}Witth— 0 0
0 0

andJ, = {8 (1)]

1
Jo 0



