2.1

o

b) i) anv"""g__ = /3% = 5,916

x'y |
i) cos(e) = ~{*-= 191621 = ,05]

87°

8 = arc cos. (.051)

iii) projection of ¥y on x 1is IX_l-f:. X
. ) - - E E -

T I




2.2

23

c)

e)

a)

b)

c)

d)

| -5 157 o 6 67
SA = - b)) BA=|-9 -1
20 10} |2 -8

| [-16 =) 2] o |
AIBUI- = B i d) c's = [12, ‘7] .

6 -1 -6
No.
o Je vy \
Af = “l=A s0 (A') =A'=A
' 1 il _ :
1 3] 2 3
cl - (c|)1= ﬁ ﬁ
= 3 4 1
4 2 S
L - 10 ~10
[ A
L L P GO I B RN
16 710 OO0

T 5
B'A' = 4 0
2 3

AB has. (f,)th entry

Feoct aik kj I aiz TR

Bye * Byqbe. a;,b
243 7 Ry T a2t nA

Consequently,'(AB)' has (i,‘j)- entry

LZI an i

Next &byrigh@ﬁOlZ‘iF;%gsonE&H_atior[hq. Twh?iilgé'sh’emhklilgll an_d A’ has’ jth

27



2.4 - _ a) |
b)

2.5

z;s a)
b)

27 a)

R a1

_Since A 3.5-',

28

| o S o
column [a-ﬂ,ajz. ,ajk] so B'A' has {1,3). entry

bygzgy *BaiPse "+ +byy2 jk II 5201 7 €34

Since i and J were arbitrary choices, ~(AB)}' = B'A’.

S A“A. Thws I' =1 = (M) = (&)

I=1' and AA 1=
and 1= (ATA) = AR Ty

Consequently,
or (A) (A"I) |

is 'th'e inverse
of A -

(3'1 '1)AB =B (E A)B = B 1B =1 so AB has 'inverse (AB) 1

B A it was sufﬁm ent to check for a left inverse but we may
=1 .

siso verify AB(87IATT) = AELINT < M7 =T

-12] 1169

5 .12] 15 : :
- ]_3. Tﬁ' T?T ﬁ_m ﬂ = ! 0 = 1!
Q' = = : =Q'Q .
g2 slliz 57 ), 18 0 1
If3 73| {13 73 169

A is symmetric.

Since the quadratic form

e -2x i , |
1 = : . = -
x'Ax = [%g %51 o 9% - 4x9%, *6x5

= (le‘*z) *—5(x2+x2) >0 for [x1,x2] # [0,0]

- we conclude that A is pos1t‘ive definite.

Eigenvalues: Xy ® 10, A, = 5. _
[2//5, -1//51= .89, -.

Normalized eigenvectors: € 4471

(45, 21v/5]=

[.447, .894]

[ ]
)

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



. 19
b) A _2

-1 ; 1

6 2
€) A= SO |,
. d) Efgenvalues: 11'= 2, Ay =] |
Normalized eigenvectors: E% = [1//5,
_ .
& " [2/v%,
- 2.8 Eigenvalues: Xy =2, 3, = -3
Normalized eigenvectors: ’ 5; = [2/¥/%,
e, = LWY5,
1 2 [21/8
A= =2
PR T ¥ 3
20 AN DI |, ] |13

b) -Eigenvaiues: 11 =1/2, l2_= -1/3
Normalized gigenvectors:

22

2//5 7 (2175,
W :

e} = [2/75,

S = {1,1’5-,

29

-2 2,75 | [2//5, -11/5] s[lh"a' ] [/YE, 2/Y5)
= 10 ' : + _ :
9] Ryl 23

Taz
04

.04
.18

| 281
-1/v81

1/51
-2//51

2175

]tzm, 145 ] 3[115}[1/& 2151

W51

251

/s ([ uE s 2]
3 275 .
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2.10

2.11

B " 3(a00z00)-(4.001)% 4 0m 4
[ a.002007 -4.001
= 333,323 |
|00 4
, : 4.002 -4.001 |
A * 3{#.002)-(4.001)* -4.,001 4 -

. 4.002 -4.001
-1,000,000 |
1.a.00 &

Thus A1 = (-3)87]

With p=1, Ianl = a.”-' and with p =2

= 31122

V] a22

Proceeding by induction,we assume the result holds for any

(p-1)x(p~1) diagonal matrix Ai1. Then writing

0 .... 0

A = ? .
(oxp) | : A
0 : .

we expand [A] according to Definition 2A.24 to find
by the induction hypqthesis, 1Al = ay(2pp243 .+ app) =

819329233 °77 ¥pp-

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



2,12

2.14

2.16

248

31

By (2-20), A = PAP' with PP* = P'P = I. From Result 2A.11(e) -

jal = || Al IP'| = |A]. since A is a dfagonal matrix-wﬁth'
diagonal elements Ai'AZ"f"lp’ ‘we can apply Exercise 2.11 to

p
get JA| = [A] = n1 y W
i=

Let A bean eigenvalue of A. Thus 0= [AXI[. If Q .is
orthogonal, Q@' =1 and [Qf|Q'| =1 by Exercise 2.13. - Using

~ Result 2A.11(e) we can then wfité

0 = [q] IA-RI! lu | = {oaQ'-xT|

and it follows that X\ 15 also an e1genva1ue of QAQ' if Q@ is

orthogonal.

(A'A)"= A'(A‘)' = A'A showing A'A s symmetric..-

-

y =|y,| =#Ax. Then 0= YIHYE e b Y

and A'A fis non-negétive definite by definition.

' 4 /7 -
Write ¢2 = x'Ax with A = L{ ] The e1genva1ue-narma]1zed
L - sl : 3 .

eigenvector pairs for A ares

A = 2 é]' = [.577, .816]

, =5, & = [.816, ~.577]

ellipse of constant distance are

£ .1 . 707 and —S—=1-= 447
A A, 75

For c® =1, the half lengths of the major and minor axes of the

fespectively. These axes lie in the directions of the Qectors ei

a_nd ‘az Co éighégé%],f@gaﬁghfddcétion, Inc. Publishing as Prentice Hall . '



2-20

For ¢* = 4, the half ‘Iengt_hs of the 'major and minor axes ére

= 2

£ oo 2 1.8 and S =S 894 .

Using matrix A in Exercise 2.3, we determine
Ay = 1.382, g =[.8507, -.5257)

"k 3.618, &= [.s257,  .8807]' -

_ Hg know

1.376 .325]

V2 . o~ o et o
A = i, 8,8 + YA, e,e) =
y Vi1 7072 -222 [ 325 1.701

| 7608 -.1453 |
A‘Uz=—1—-e'ei+——1—ezeé = 2 _
B L Wiy -.14583 L6155

We check

AT/Z A-I/Z =[ ] - A-'l/z AI/Z

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall
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As c? ‘increases the lengths of the major and minor axes increase.



BEC

2.21 {a)
| ' 1 1 |
J1 22 T91
A'A:[ ] 2 -2 | = [ | ]
- 1 -2 2 E2 2} 19
= |A’A - ,\1|—(9 A2—1=(10- ,\)(s A) .50\ =10and )y = 8.
Next _ _ - '
11] fel] _ & . _ [1ve
[1o] [a] = w[a] o= an [
11 a]l _ . [a oo [ uVEY
[is] [a] = e[a] o= -2
®) -
1 17 . - [2.0 4
AA'=12 2 “ 33] = 080}
122 - 4 0 8
o 2-x 0 4
0'=|AA’—,\I|—- 0 B—A o
4 8-\
= (2= 28— —43B- )= (8- )\)(A—i(},\soz\l—lo o = Sand
As = 0. |

BHIHERH

o 463 = 8¢ 50 € = —= ; '
glves Sen = 10e e 1 \/g L2
2 0 4 | €1’ | &1 1
0 80 £9 = 8§ €3
4 0 8 ez . _ ' _ ey .
g des = b 80 €3 = g
: gw% 461 - 0 2 0

Also, €3 = 1-2\/_01\/—]'

Copyrlght © 2012 Pearson Educatlon Inc. Publishing as Prentice Hall



._.34_ .

o) o
2 =2 =vI0| 0f[&, 1+ VBl1|l% -]
2 2 [ 2| | 0
2.22 (a)
oo [as 8 [ 1aa 12
AA _.[3 6 ___9] [g _g] = [-12 .126]

0=|AA— AT |= (144 — \)(126 — N~ (12 = (150~ )(120-3) -, 50
A =150 and )\2 = 120 Next, :

26 55] [2] = ]3] e on [208]

and Ay = 120 gives e; = [1/V/5, 2/V5.

(b)
. T4 3 2% 50 5]
AA=|8 & [; g_g] = |50 100 10|
8 -9 | 5 10 145 ]
%-X 50 ‘5'
0=|A'A=AT|=] 50 100 = (150 - A)(,\-lzo),\
5 10 145 g

S0 A; = 150, Ag =120, and Az = 0. Next

% 50 5 e ] Je
50 100 10| e | = 150 | ey
5 10 145 ey ez

~120e; + 60e, =0 _ _ _ '1
~25e; + ey =0 O & T

25 50 ] €

80 W00 10 €3

5 10 145 1 €3 ﬁ
Copyright © 2012 Pearson Educatidn, Inc. ubllshlng as Prentlc Ha
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- _ - _ 1
; 60e;, + 60es =0 _ 1 _
B 1200 + -240e =0 ¥ &7 76{ 2}

Also, e3 = [2/v/5,-1/V5,0].

()
(48 8]
136 -9
| 5; L | L : |
= VI ] & A+ VB[] (% % -
| 3 7z
2.24 _
¥ 0 0 Ay =4, g = [1,0,0]°
-, 1 | .
a) t={0 I o b A, =9, e = [0,1,0]
o o 1] Ag =1, gy = [0,0,1]

‘ ¢) For t'i; MoV, - [T;O,Q]'
12 =1/9, Eé = {0,1,01*
1. e e 00T

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall
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TR

2.25

s o o7 [ ) -Us ansy [V -2 .26m
g VWZ.lo 2 ofsp=|-ys 1 Ve s (-2 1 a8
| o o 31  Lans e 1 1 Loesr 67
- - 12 .
b) V1IZEV N - :
s o o1 1 -1/5 415].[5 0 © 5 -1 43rs oo
62 oflys 1 ws||o 2 oof=|-ws 2 W3lo 20
2o slbans 16 1 JLooad Les e 3dblo o3
25 -2 4 |
= -2 4 1 =#:
4 1
| /2,2 . 4,/75 /5 = 4/15 = .267
2.26 a) py3 = %3/°11 %22 _

ey ¥

=) ' e 11,0,0]
b) write X = 1-X +0-Ky#0X3 = X with g [1,0,0]

1 )
7% *72 2

o _ . 114
+ 1%, =X with g =077l
Then | Var(x1) =ay * 25. By (2-43), .

Var($ %2 +1%) = 6 £ €779 * T %3 T ¥ 73 Trte

By (2-45), (see also hint to Exercise 2.28),

. 1 =c. <) 1 =-1+2=1
C""{xl_'}fxﬁ AU - Rl A A

S0

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



2,27

- 2.29

. a)

b)

o

d)

e)

1.
COV(X1 * ?XT +

1
7%

)

1

' 1 1 .

R T T B P

-y *+ 3y, Oy *+ S0y - 60y

Wy Uyt Oy +Opy F o33t 20y ¥ 203 ¥ A0y

CREPRATEIILTRAL PR R P 2014 - 403

3u1 -'4u2. 9a]] +.16022 s1nce 92 =0 .

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall
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'38

281 (a)

Ex® =0 =[4] ® a0 =11 -] -1

(c) | |
c@(x{l} )= Sy = [g 2 ]
@ | |
COV(A:X-{I])zAEllA":[l ~1] [g {1]] [_”ﬂ
E[X®)] = 4@ = lflz] () Bu® = [ g- “i] [ﬂ= [i]
(g)
Cov(X® ) = gy = [ - ’i]

(h.)

' | - 2 -1 9 271
C”"(Bx(z})zBE”BElo 1] {—2 '4]'

| 2 0] |
Cov(AX®,BX®) = AT;;B' =1 -1] [f 3] [_1_1]=[0-21

Copyright © 2012 Pearson Education, Inc. Publishing as Prf_zntice Hall '
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2.32 {(a)

soena-[2] o we=[271][2]-[ ]

{c)

Cov(XW ) =3, = [ 4 -1 ]

-1 3
(@
1)y . r__ 1 -1 4 ~1 11 _ 9 1t
CDV(AX(_)_)_'"AE“A"L 1]_ [-11 _3] [—1 1] ‘[‘1 5]
(&) |
.E[X(Q}]_.:#{é)= hé {f) Bﬂ(i;J - [1 1 1]{_é]=[ 2}
| 3] R R 5 -7}
(8)
- | - 81 -1
Cov(X(z))=222=[ 1 4 0}
1-10 2
(8) | N . |
Cov(BX®? ) = BZ,,B' - | -
61 -17 1 1 S
11 1 12 9
= 1 4 0 1 i = [ ' ]
| [11'—2] [-10 2] [1—2] 9 2]
OF |
1 _L g7
R
[4)

Cov(AXY BX®) = AX,B’

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



-1
(o)
- [ 4 -1 4
CoviXM) =8 =|-1 3 1
5 16
(d)
Cov(AXWD )= AT A
2 —1 ¢ 4 =13 21 23 4
=11 1 3 Jb-1 31 -1 1 = 4 63
2 .16 0 3 . _
(e)

w |
P , T1 277401 [t 1] _f120]
Cov(BX“):BEQQB=[1 _1] [0 2_] [2 _1] = [ " 6]_

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall
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2.34
(b'd)z = 1689 < 21(15) 315
235 bld=-4+3 = o | |
| 2 <27 [, 4]
b'Bb = [-4, 3] - g = (14 23] | 4] =125
-~ -2 5 N
. . §/6 2/6 1 -
' =1 - = .
a'87d = [ f o6 276 |1 | = /8
sg 1= (b'd]2 < 125 (11}5) 229 17
. 238 © 4xd + 423 + 6312, = x"Ax  where A:(; 2)

(4-232-3=0 gwes =T, )sg = 1. Hence the maximum is 7 and the minimum is .-

x'Ax = max —/—
K xf0 %

™

237 - From (2-51), m =N

7

where Ay is the Targest e1genva'lue of A. For A given.in
Exercise 2.6, we have from Exercise 2.7, 11 = 10 and

e! = [.B94, -.447]. Therefore max x'Ax = 10 and this
=1 | | x'xFl |

‘maximum is attained for X ='.51.

2.38

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall )

bib=4+1+16+0=21, d'd=15 and b'd=-2-3-840=-13

Using computer, A; = 18, Az = 9, A3 = 9, Hence the maximum is 18 and the minimum is 9.
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R 1
241 (@) . E(AX)._= AE(-X)=A;1-X =1
| =5 .

6 0 0

(b) Cov(AX) ACov(X)A =AZ,A'=|0 18 0

0 0 36

(c) All pairs of linear combinations have zero covariances.

| T

242 (3) EAX)=AEX)=Ag; =|1
- 4 0 0
() CovW(AX)=ACov(X)A’=AZ,A'=|0 12 0

0 0 24

(¢} All pairs of linear combinations have zero covariances.

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall
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