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1.12 a) IfP = (-3,4) then d(0,py = max (|-3],14[) = ¢

B) The locus of points whose sguared distance from {0,0) is 1 1is

XET

2 Xy

-1

¢) The generalization to p-dimensions is given by d(0,P) = max(]x1},}x2],_,_,1x 1
p!
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There are high positive correlations among all variables. The lowest correlation is 0.68557
between 200m and Marathon, and the highest correlation is 0.96917 bewteen 1500m and

3000m.
11.6185 | of 02008 04700 0.9926 0.0350 0.1075 02715  9.272§
23.6416 P71 04700 12120 25038 0.0855 0.2532 0.6383  22.7572
53.408 | 0.9926 2.5038 7.0431 0.2557 0.6887 16857 56.4471
% = 2.0764 |, S,={ 0.0350 0.0855 0.2557 0.0115 0.0318 0.0756 25197
4.3255 0.1075 0.2532 0.6887 0.0318 0.1085 0.2608  £.7193
9.4476 0.2715 0.6383 1.6857 0.0756 0.2608 0.6672 22,1613
\ 173.2533 9.2726 22.7572 56.4471 2.5197 8.7193 22.1613 909.1216
1.00000 0.95279 0.83469 0.72769 0.72837 0.74170 0.68634
0.95279 1.00000 0.85696 0.72406 0.69836 0.70987 0.68557
0.83469 0.85606 1.00000 0.89841 (.78784 0.77764 0.70542
= | 0.72769 0.72406 0.89841 1.00000 0.90161 0.86357 0.77929
0.72837 0.69836 0.78784 0.90161 1.00000 0.96917 0.87793
0.74170 0.70987 0.77764 0.86357 (0.96917) 1.00000 0.39984
0.68634 0.70542 0.77929 0.87793 0.89984 1.00000

/2.6 a) Since A =A', A is symmetric.
b) Since the quadratic form
g =21 %
1 2 Ay X, +6x5
hx = [xq %] = 9%y - XX TO%p
= Dxgexd) o N
= (2:{.‘-3(2)3 +5(x§+x§) >0 for [x ,le # [0,0]
we conclude that A 1is positive definite.
/2..7. a) CEigenvalues: Xy = 10, 2y = 5 .
4 = i N 4, --M?
Normalized eigenvectors: @y = [2/v%, -1//51=1.89 ]
ey = (1//5, 2//51= [.447, .894]
TR 9 -2 o 2/¥5 7] [2/v8, -17v5] 5 B DUVE, 200
B h -+
S T 215
- 1 6 2 2 .04
c} A _
9(6)-(-27(-2) |, o o e
d) Eigenvalues: kl = .2, ;\2 =
Normalized eigenvectors: fll = [1/V/5, 2//8]

e, = [2/V8, -1/v5]
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212 By (2-20), A =PAP' with PP' = pP'P = 1. From Result 2A.11(e)
Ial = |P| |A] 1P| = |A]l. Since & dis a diagonal matrix with
diagonal elements )“1 ,DLZ,...,lp, we can apply Exercise 2.11 to

get |A] = Al = T A,

i=1
2.13 Hint in the Text.
2.14 Let A be an eigenvalue of A. Thus 0 = [A-AI]. If Q s
orthogonal, QQ' =1 and [Q[[Q'| =1 by Exercise 2.13. Using

Result 2A.17{e) we can then write
o = [qf |A-a1] [Q'] = [QaQ'-ar|

and it follows that X 1is also an eigenvalue of QAQ' if ¢ s

orthogonal.

2.46 (AR} = A*(A')" = A'A showing A'A 1is symmetric.
4
= = 24yl cee = y'y = y'Ar
y=iy, Ax. Then 0 s yjtys+ +y; y'y = x'A'Ax
yP

and A'A is non-negative definite by definition.



2.18

2.25

& 7T
Write c* = x'Ax with A = L? ]. The eigenvalue-normalized
- k. 3

eigenvector pairs for A ares

Ay =2, e =[.577, .816]

=5, eé = [.816, -.5771

For ¢ =1, the half lengths of the major and miner axes of the
eilipse of constant distance are

c

£ .1 - 707 and - Ty
'&I V2 /XE EY

respectively. These axes lie in the directions of the vectors &

and & respectively.

c? = 4, the half lengths of the major and minor axes are

For
€ . 2 -1.414 and S =-Z - g9 .
N3 X, &
As c? fincreases the Tengths of the major and minor axes increase.
5 0 O‘I 1 -1/5 4718 1 -.2 .28
) W 1o 2 0 ie=|-1/5 0 176 |= |-.2 1 .187
¢ ¢ 3_I 415 1/6 1 G267 167 1

b} VUZEVUZ -

5 0 0 1 -1/5 4715 5 0 0 5 -1 473 E 0 0
g 2 0fi-1/8 1 1/6 b 2 Qf=4{-2/5 2 1/3 0 2 0
0 ¢ 3 ans. /6 1 0 0 3 4/5 1_:'2 3 0 0 3



227 2) Wy - Bp. Oyp Aoy - Ay
b) oy * %y oy * Sy - Gy
C) Ty .’*-.“z +“3 “;'1.1_ + 0y ";”33 + 20y, *2"13 ."“.2“23
d} .u1 *':‘21:2 - Ug c.n'+'4cré-z 4&33 +'4c12 - 2::13 - 4oy,

e) 3y - By, Soqq * 163, si.nce 0= 0
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’ b=h=4+1+16+0=21, d'd = 15 and b'd = -2-3-8+0 =
234 i ~ - -~

(b'd)® = 169 < 21(15) = 35

/2,35 b'd = -4+3 = -

2 -2 [ »
b'Bb = (-4, 3][ [3} . a4 23] | 4| =12
- - 2 5

s/6 276701
gele = 01 g e || 1| T VO

ss 1 = {b'd)?* <128 {1176} = 229.17

2.36

4z 4 4z} + 62175 = X' Ax where A= ( é i ) .

(4 — M) — 3 =0 gives M\ = 7,3z = 1. Hence the maximum is 7 and the minimum is 1.

%' AX

= A

X A = max -

1
1 x#0 £°%

2 3T From (2"51 } 3 i

where X4 is the largest eigenvalue of A. For A given in
Exercise 2.5. we have from Exercise 2.7, }‘I = 10 and

e; = [.894, - .8477. Therefore = max X'AX = 10 and this

X% ¥l

. -

maximum is attained for X = g4.

2.39 Hint in the Text.
2.40 Hint in the Text.
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