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Answers to Selected Exercises

Chapter |

1.1

1.2

1.

(@ (11,3) (b) 4 1,3)
(d) (=2,3,0,3,1)

(c) (—=2,0,3,1)

X 111
. (a) é‘g] m |0 2 1
00 3
1 2 2 1
0 3 1 =2
© 1o o -1 2
0 0 0 4

. (a) One solution. The two lines intersect at

the point (3, 1).
(b) No solution. The lines are parallel.

(c) Infinitely many solutions. Both equations
represent the same line.

(d) No solution. Each pair of lines intersect
in a point, however, there is no point that
is on all three lines.

@[y o) e[4S

1 1 1
(d) 1 -1 1 ‘
=1 3 3
6. (@ (1,-2) ® 3.2 (© G 3
(d (1,1,2) (e) (-3,1.2)
® LD (@ dL-D
(hy 4,-3,1,2)
7. (@ @.-1) () (-2.3)

8 (@ (-1.2,1)
. Row echelon form: (a), (¢), (d), (g), and (h)

b (3,1,-2)

Reduced row echelon form: (c), (d), and (g)

. (a) Inconsistent

(c) consistent, infinitely many solutions
(d) consistent (4, 5, 2)

(e) inconsistent

(f) consistent, (3, 3, 2)

33

3.

- (@ (5, 1)

(b @

(©) {243, @, —2) | areal}

() {((5-2e—8,a,4—38,0)|«a,preal}
(e) {(3—5a+28 a p,0) |« preal}

@ {(a,2, —1) | areal}

. (a) x1, %2, x3 are lead variables.

(c) x1, x5 are lead variables and x; is a free
variable.

(e) x1,x4 are lead variables and xp, x3 are
free variables.

(b) inconsistent

S—a 1+7a
o (555 1570)
(e) {(8 —2a, x — 5, )}
(f) inconsistent
(g) inconsistent
M (0,2, 1)
M {2—6a,44a,3—a, a))
® (£ —3u—8—3-j0up)
(@ 0, -1

) {(% - %ﬂ, “% — %a, o,3) | «is real}

a#=—2

(c) (0,0
o real}

(h) inconsistent

9. f=2

10.
11.
12.
15.
19.
20.
2L
22.

(a) a=5b=4 (b)a=5>b#4
(@) (=2,2) (b (=7.4
(@ (-3,2,1) () 2,-2.1
x; = 280, x; = 230, x3 = 350, x4 = 590
=2 =3 x3=12, x4 =6
6 moles N;, 18 moles H,, 21 moles O,
All three should be equal (i.e., x; = X2 = x3).
(@ (5,3,-2) () 2,4,2)
(¢ (2,0,-2,-2,0,2)
6 2 8 I

. (@) l—4 0 2

2 4 4

471




14

15 4 6
5 —10 15
h |5 -1 4
8§ -9 6
19 21
2. (a) li 13 ¢ |17 21
v 8 10
6 4 8 10
o |-3 -2 —4 -5
9 6 12 15
(b) and (e) are not possible.
3.(a) 3x3 (b) 1x2
3 2 1
v (3 f][ ]—[5]
1
b)) |2 1 #1
3 -2
2 1 X1
© |1 -1 2 x| =
3 -2 -1 X3
9. (a) b= 231 + a»
10. (a) incomsistent (b) consistent
(c) inconsistent
13. b=(8, -7, -1,7)7
17. b = dy — _75112421
an
7. A=A = A= A"
8. AW =1, AM =4
1 -2 1 -
B (s ) © [ﬁl
31. 4500 married, 5500 single
32. (b) 0 walks of length 2 from V, to V3 and 3

472 Answers to Selected Exercises

4 1 6
w |-5 1 2
3 % 3
3 2 2
@l 5 3 -1
4 16 1)
5 5 <9
@ |2 -3 16
2 -1 1

5 5 8
® |10 —1 —9]

|

5

~1 O

4

sl V)

walks of length 2 from V; to Vs

(c) 6 walks of length 3 from V; to V5 and 2

walks of length 3 from V; to Vs

i
|

2
2
2

1.5

33.

Lh

o

10.

01 0
101
@A=]|0 1 0
110
00 0

(c) 5 walks of length 3 from V; to V4 and 7

walks of length 3 or less

. (a) typel
(b) not an elementary matrix
(c) typeIll (d) typell
1
-2 0
. (a) 0 1] (b) | O
0
10 0
¢y JO 1 O
0 2 1
(0 0 1 1
@ Jjo 1 0 (b) [0
1 00
; 00
© |0 1 0
0 0 1
1 00
@ E=]|0 1 0
1 01
1 0 0
) F=10 1 -1
0 0 1
1 0 0
(@) BE,=]-3 1 0
0 0 1
1 00
(b) E; = 01 0
-2 0 1
1 00
) Ea= |0 1 0
0 1 1
1 0 31
@[5 1) [o 2]’

(©) l

(i) (0,3, =2)7

(@ [? ] ® [ |

—_0 O =
o =0 0o

0
0
1

0 0 3
(b) (1) (0, —1, I)T, (i) (—4, 2,97,

1 00
310 023

0
1
0

|

7




Answers to Selected Exercises 473 ‘ H
| ‘
\

3

_4 3 R |
\ (c) 5 1] (d) l 3 ]l 2 m
| 7 T 1 -1 |
‘ 5 “M
3 0 -5 4 ‘“\
| ® | 0o 3 .
nd 7 3 0. 3 4 _ |
| 1 0 Z i [ ] 8 0 BZ] |
|
, 0 I 0 |
| i ~3 3 14. (a) [1 0] ®) [_B 1] lll\
| @ [-3 § -1 CHAPTER TEST A |‘|“
I | -2 _1 0 1. False 2. True 3. True 4. True 3. False \“
| > 6. False 7.False 8. False 9.False 10.True |\
1 1. Tree 12. True 13. True 14 False I
@ | -2 -1 -1 15. True |

3 1
P11 Chapter 2 |||

1
11. (a) [ 4 g] (b) [ 14 9 2.1 1. (@) det(Ma) = —8, det(My) = -2, \l\l||
| det(Mps) =5 ‘ H
| 12. (a) [_gg _3] ©) [_g ‘%] (b) Az =8, Ay = —2, Ay = —5 |
2. (a) and (c) are nonsingular.

i

' 1.6 1. 0 [ I 1] © [A;A AIT] @1 ®4 ©0 (@ 58 \‘u

© =39 MO0 (@8 (h 20 I

I 4 @2 b -4 ©0 @O0 i
(d) AAT+I (C) [A 5. _x3+ax2+bx o ‘||‘|
A 3 4 6. h=>60r—1 “
i . A = ,A = (
| % 3 A [3] b [—1] 22 1. (@ -24 (630 (© -1 I‘;
o (1 1])B=[3 4]. 2. (@) 10 (b) 20 \'”
3. (a), (), and (D) are singular while (b), (¢), ‘H
2 —1]B=[3 -1] and (d) are nonsingular. (
J 3 4 ’ 4. ¢c=5o0r -3 ‘
(¢} AB = [3 #1] 7. (a) 20 (b) 108 (c) 160 (d) 3 W“
3 11 1 9, (a) =6 ()6 (o)1 ”U
4 i) 3 211 2 13. det(A):u|1u22u33 |||H
' T 1|1 1 . maaia [ =2 I
1 201 1 2.3 1. (a) det(A) _1 7. ai_]A— [ﬁ3 1], M|||
2 2|2 2) A—l___.[? ?] |||‘\1
© 2 412 2 z —3 H-\‘
| 3 1)1 1 -4 5 3 \‘!'
3 211 2] (0) det(A)=3,adjA=| 0 1 1], I:‘
1 2/1 1 6 —8 -5 H _
K 213 @ ED B LD |\
© @-2,2) @ 2, -L2) |
0e B ® %330 It
8 5 8 3 |
5.0 )5 5 5 3, -2 |
5 3 5 4. 4,-3.D7
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5. (a) det{A) = (. so A is singular.

—1 2 -1
(b) adjA = 2 —4 2| and
-1 2 —1
0 0 0
AadjiA=10 0 0O
0 0 0
9. (a) det(adj(4)) = 8 and det(A4) =2
1 0 0 0
0 4 -1 1
0 —6 2 =2
0 1 0 1
14. DO YOUR HOMEWORK.
CHAPTER TEST A

1. True 2.False 3.False 4. True 5. False
6. True 7. True 8. True 9. False 10. True

Chapter 3

31 1 @ Ixill =10, %) =17
®) lI3sll = 13 < %1l + [[%2]]
2. (@) lxill = /3, 1%zl = 3+/5
) %5l = 4+/3 = ]| + I%:|

(by A=

7. If x4+ y = x for all x in the vector space, then

0=0+y=vy.
8. Ifx+ y=x-+z, then

X+ (x+y) = X+ x+2)

and the conclusion follows from axioms 1, 2,

3, and 4.

11. V is not a vector space. Axiom 6 does not

hold.

3.2 1. (a) and (c) are subspaces; (b), (d), and (e) are

not.
2. (b) and (c) are subspaces; (a) and (d) are not.

3. (a), (c), (e), and (f) are subspaces; (b), (d),

and (g) are not.
4. (@) {(0,0)")
(b) Span((—2,1,0,0)7,(3,0,1,0)7)
(¢) Span((1, 1, DT)
(d) (—1,1,0,0)", Span((-5, 0, =3, Dnh
5. Only the set in part (c) is a subspace of Py,
6. (a), (b), and (d) are subspaces.
11. (a), (c), and (e) are spanning sets.
12. (a) and (b) are spanning sets.
16. (b) and (c)

33 1.

o

s

&

11.

34

13.
14.
15.

3.5 1.

Gopow e

(a) and (e) are linearly independent (b), {(c),
and (d) are linearly dependent.

(a) and (e) are linearly independent (b). (c),
and (d) are not.

(a) and (b) are all of 3-space

(c) aplane through (0, 0, 0)

(d) aline through (0, 0, 0)

(e) aplane through (0, 0, 0)

(a) linearly independent

(b) linearly independent

(¢) linearly dependent

(a) and (b) are linearly dependent while (c)
and (d) are linearly independent.

When « is an odd multiple of /2. If the
graph of y = cosx is shifted to the left or
right by an odd multiple of 7/2, we obtain
the graph of either sinx or — sin x.

. Only in parts (a) and (e) do they form a basis.
. Only in part (a) do they form a basis.

() 2
1

. () 2

{(d) a plane through (0, 0, 0) in 3-space

. () {(1, 1, )T}, dimension 1

() {(1,0, )7, (0,1, )7}, dimension 2

. {(1,1,0,007, (1, -1,1,07, (0,2,0, 1)T)
11.
12.

x*+2,x +3}

(@) {En, En} (¢) {En, Ex, Ex}
(e) {Ew2, Eai, En}

® {Ew, Ex, Ent + En}

2

@3 M3 ©2 @2

@ {x,x1 O x—-1,&-1%
(©) {x(x -1}

ol ] w2
© % o]

@ _i il (b) [_; %
© 3 o

@ _Z _i] o [L %5]




(€),

(©).

le (c)

[f the
eft or
ybtain

basis.

)}

4.1

(2 3
© 3 4

- [XlE = (_]-- 2)T7 [Y]E ES (5! _S)T:

[2)e = (=1,5)"
2 0 -1

L@ | -1 2 —ll(b)(i)(],~4,3)7'

0 -1 1
(D) (0, —1, 7 (i) (2,2, =17

1 =1 =B 7
L@ |11 o] [ 5
(1 0 1 ~2

7. wp = (5,97 and wy = (1, 4)7
8. u = (0, -7 andu, = (1,57

27.
32.

w11 e l

. (2) 3

. (a) uy, uy, us are the column vectors of U

. (2) consistent

N

(ST
————

1 -1 0
0 1 =l
0 0 1

by 3 (o) 2

corresponding to the free variables.
u =2u;, uy = 5u; — Uy,

s = f3111 -+ 2113

(b) inconsistent

(e) consistent

. (a) infinitely many solutions

{c) unique solution

rankof A =3,dimN(B) =1

(b) n—1

If x; is a solution to Ax = e; for j =

1,...,m and X = (Xi,%X2,...,%p,), then
AX =1,

CHAPTER TEST A

1. True
6. True 7. False
11. True

2. False 3. False 4. False 5. True
8. True 9. True 10. False
12. False 13. True 14. False

15. False

1.

4.

Chapter 4

(a) reflection about x;-axis

(b) reflection about the origin

(c) reflection about the line x, = x;
(d) the length of the vector is halved
(e) projection onto x;-axis

(7,18)7

10.
11.

17.

18.

19.

23

4.2 1.
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. All except (c) are linear transformations from

R? into R%.
(b) and (c) are linear transformations from R*
into R3.

. (a), (b), and (d) are linear transformations.
. (a) and (c) are linear transformations from P,

into Ps.
L(e*) = & — 1 and L(x?) = x*/3.
(a) and (c) are linear transformations from
C[0, 1] into R'.
(a) ker(L) = {0}, L(R®) = R?
(¢) ker(L) = Span(es, e1),
L(RY = Span((1, 1, DT)
(a) L(S) = Span(e,, &;)
(b) L(S) = Span(e,, &)
(a) ker(L) = P, L(F;) = Span(x?, x)
(c) ker(L) = Span(x* — x), L(P3) = P,
The operator in part (a) is one-to-one and
onto.

@ |7 ] © I i

10 00
2
@ |3 %] © [0 1]
110 100
@ Looo] ®) [010]
110
© | 0 -1 1]
00 1 100
C@ o1 oo (b)[llO
100 111
0 0 2
(0)310‘
2 0 -1

. @ 0,000 (b @2,-1-D"
(©) (~15,9.6)"

I
.<a>[_f f] (b)[? (l,]
V2 N2
3 -1 0 1
(c)[ ] ﬁ] (@ [0 O_]
1 0
lUl
1 1

0o 0 1
b o 1 —1]
), =1 @

¥/




| ;

10.

13.

18.

k|
5

@ [

2 -1 -1
.B=A=|-1 2z -
-1 -1 2
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11 1
(a) 12 0 1]
0 -2 -1

(b) (i) 7y1 + 6y — 8ys, (ii) 3y1 + 3¥2 — 3¥s,
(iii) y; + 5¥2 + 3¥s

(a) square

(b) (i) contraction by the factor , (ii) clock-
wise rotation by 45°, (iii) translat1on 2
units to the right and 3 units down

A
4o
@ |2 -0
0 0 1
1 0 =3 -1 0 0
mlo 1 5| @] o012
o o0 1 0 0 1
L3
LIO

R I e i

. For the matrix A, see the answers to Exer-

cise 1 of Section 4.2.

wo=03) ws=(b )
(c)B:[(l) ﬁO] (d)B:l% %]

ol

1 e )

o

Paf— B3|
LI L

(Note: in this case the matnces A and U com-
mute,so B=U'AU =U"'"UA=A)

1 1 0 0 0 0
V=11 2 —2|.B=10 10
1 0 1 0 01

0 0 2 0 00
5.¢(a) |0 1 O by |0 1 0
0 0 2 0 0 2
1 0 1
) [0 L O (d) ajx +a2"(1 +x%)
0o 0 1
1 0o 0 00 0
6. (a) |0 1 1 M |0 0 1
0 1 -1 01 0
0 0 ©
() |0 1 0
o 0 -1
CHAPTER TEST A

1. False 2. True 3. True 4. False 5. False
6 True 7.Tme 8 True 9. True 10. False

Chapter 5
51 1. (@ 0° (b) 90°
2. (a) /14 (scalar projection), (2, 1, )T (vector
projection)
14413
(b) 00 () s (5. B
16 32
(d) 21 d 21’ ﬁ= il)r
3. @ p=G0"x—p=(Q, 4Hr,
pPx—p)=3-0+0-4=0
©p=@G33".x-p= (1 1,07,
pPPx—p)=-1.34+1-3+0-3=0
5. (1.8,3.6)
6. (1.4,3.8)
7. 0.4
8. (a) 2x+4y+3z=0()z—4=0
10. 3
11. £
20. The correlation matrix with entries rounded (o
two decimal places is
1.00 —0.04 041
—0.04 1.00 0.87
0.41 0.87 1.00
5.2 1. (a) {(3, 47} basis for R(A"),

{(—4, 3)7} basis for N(A),
1(1,2)71 basis for R(A),
{(=2, 1)7} basis for N(AT)

(d) basis for R(AT):
{(1,0,0,07, (0, 1,0,0) 7,0, 1, DT},
basis for N(A): {(0, 0, =185,
basis for R(A):
{(1,0,0,1)7,(0,1,0,1) (0011)T}
basis for N(AT): {(1,1, 1, =17}




x%)

Ise
Ise

ector

100

led to

53 L

14.

I R N

16.
28.
5.5 1

(b)) x= —iul + —uz,

(@) {(1, 1,07, (=1,0,1)"}
. (b) The orthogonal complement is spanned

by (=5, 1,3)7.

{(=1,2,0, )7, (2, =3,1,0)7} is one basis

for S5+,

. dmN@A)y=n—r,dmNADY=m —r

(a) 2, D7 (o) (1.6,0.6,1.2)7

. (layp=(G,1,0%r=(0,072"

(1) p = (3.4,0.2,0.6,2.8)7,
r= (0.6, —0.2,04, —0.8)T

. (@) (1 =20, @) | oreal)

() {(2—-20,1—«a, o) |«real}

L@p=01,2,-)"b-p=(2,027

B p=0G.1,HT,p—b=(=5-1,47
(a) y=18+29
0.55 + 1.65x + 1.25x2

The least squares circle will have cen-
ter (0.58, —0.64) and radius 2.73 (answers
rounded to two decimal places).

%l = 2, [¥ll2 = 6, Ix+yll2 = 24/10
L@o=1 ®p=(¢1507
M) Ixl =1, Iyl =3

@0 S5 ©7 @ V74

@1 O 5

Sz (h)p—%
D) 0 by L

15.

@ lxli =7, Ixlla=5, %l =4

®) Ixll =4, Ix]l2 = /6, [IX[loo =2

© Ixlli =3, Ixll2 = v/3, [Xlle0 = 1

Ix =yl =5, lIx =yl =3, [x — ¥l =2
(a) notanorm (b) norm (¢) norm
(2) and (d)

3

x|l = [ :I

23 41 BNT &5 1047
(18’ 8’9) ap_x_(_g 18 _-g_)

. (b) ¢ = y1cos8 + y;8inb,

¢y = —y; 8in0 + y,cosf

(@ 5Ol =3,]vl =5v2 © %
(b)) @O, @)—F, ()0, ) §
ROROICE

(i) (5,27, (i) 3, DT

22.

23.

29.

5.6 1.
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ST ] e e | (=]
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1300
L L g 0
@ P=[* ~ 11
00 ;3 3
004}
Lot
1 1
-1 L 9
by @ = 2 *
0 0 1 -
0o 0 -1
®) I =2 lxl =% () I(x) = 2x

® {(% %)

1 S22
(a) 12 12

| 5 & 0 42
o | % —%l {«/5 45

= 2 0 345
{G3-DT G 559
wi(x) = Lz, Uz (x) = “éjxa
us(x) = 38 (7 —3)

2
3
®o=|1!
2
3
©x={_3]
3
5 572
3
CE

© (2.1,5.5)7

o (5% (5]

2
6
2_«/2R=3
: 0
=
8
1
0 242

mlh WL
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)

57 1. (@ T, =8x*—8x241, Ts = 16x°—20x3+5x

(b) Hy=16x" —48x* 4+ 12,
Hs =32x° — 160x> 4+ 120x
2. p®) =x, pyx) =2 — 2 41
4. p(x) = (sinh 1) Py(x) + 2Py (x) +
5(sinh1 — 2) Py(x),
p(x) =~ 0.9963 + 1.1036x + 0.5367x>
6. (@) Up=1,U1 =2x, U =4x? — 1

1. px)=x —2)(x -3+ x—D(x—3)+
2(x — 1}(x —2)

1 1
13. 1-f(~ﬁ)+1-f(ﬁ)
14. (a) degree 3 or less

oo
hl—  Lajka et Lalds
S8 e

(b) the formula gives the exact answer for the
first integral. The approximate value for
the second integral is 1.5, while the exact

answer is %

CHAPTER TEST A
1. False 2. False 3. False 4. False 5. True
6. False 7. True 8. True 9. True 10. False

Chapter 6
6.1

1. (a) Ay = 5, the eigenspace is spanned by
(1,1)7, &, = —1, the eigenspace is
spanned by (1, =2)7

(b) oy = 3, the eigenspace is spanned
by 4,3)7, A, = 2, the eigenspace is
spanned by (1, )T

(¢) A = Ay = 2, the eigenspace is spanned
by (1, 1)7,

(dy Xy = 34 44, the eigenspace is spanned
by (2i, 1)7, Ay = 3 — 4i, the eigenspace
is spanned by (—2i, 1)¥

(e) A1 = 2+, the eigenspace is spanned by
(1, 1+i)7, Ay =2 — i, the eigenspace is
spanned by (1,1 — )7

) A = A = A3 = (. the eigenspace is
spanned by (1,0, 0)7

(g) A,y = 2, the eigenspace is spanned by

(1,1,m7, ks = A3 = 1, the eigenspace

is spanned by (1,0, 07, (0, 1, =1)"

6.2

10.

14.
24.

(h) Ay = 1, the eigenspace is spanned by
(1,0,07, A, = 4, the eigenspace is
spanned by (1, 1, 1)7,

Az = —2, the eigenspace is spanned by
(-1, -1, 57

(i) A; = 2, the eigenspace is spanned by
(7.3, )7, A, = 1, the eigenspace is
spanned by (3,2, )7, A3 = 0, the eigen-
space is spanned by (1, 1, 1)¥

(G) A = Ay = A3 = —1, the eigenspace is
spanned by (1,0, 1)T

(k) A1 = Ay = 2, the eigenspace is spanned
by e, and e;, A3 = 3, the eigenspace'is
spanned by es, A4 = 4, the eigenspace is
spanned by ey

(I Ay = 3, the eigenspace is spanned by
(1,2,0,07, A, = 1, the eigenspace is
spanned by (0, 1, 0, 0),

Az = Ay = 2, the eigenspace is spanned
by (0,0, 1, Y
B is an eigenvalue of B if and only if 8 =
A — o for some eigenvalue A of A.

M=06,A =2
MxTy = (Ax)Ty =xTATy = AxTy

@) cre¥ + et
. (2
C|e2r ~+ 2(;263!
)
—cre” ¥ — deqet
(b) e i
cre "+ e
2c1 4+ 2™
(© .
c1 — 2cze
@ —cie' sint + cye’ cost
cie’ cost + caefsint
© —cie¥sin2t + coe* cos 2t
cre¥ cos 2t + coe® sin 2¢

—c1 + e 4 cie
(0 | =3¢ + 8cpe™

c1 + dcye™
(a) e—3t + 26'!
—e3 - 2¢!
) e' cos 2t + 2e’ sin 2t
e’ sin2t — 2¢' cos 2t

—6e" +2¢ + 6
(c) | 3"+ e*+4
—e'+ e +2




by
> 18
| by
e is 3
ren-
e 18
6
med
e is g
ce is
1 by 10
e 18
nned
ﬁ =
11.
6.3 s.
21.
22.
24.

—2 — 3¢’ 4 6e¥
(d) 1+ 3ef — 3¢
1+ 3e*

-V (t) _— 153—0.24r + 25670‘05’,

yZ(I) — _30€—G.Z4r +50e—0.l)81

@ —2cie' — 2ce7" + c3e‘/§’ T
a
| @ e~ ;e — eV
®) cre” 4+ cre M — ciel — cqe
cre¥ — coe™ 4 o3¢t — cue™

3 )’1(1‘) e _ezr =S e—2f 2z ef

Y (f) = —e¥ — e 4 2¢!

. xi(#) = cost +3sint + %sinﬁt,

x(t) =cost 4+ 3sint — % sin /3¢

(@) mx{(t) = —kx; +k(x —xp)

maxy (1) = —k(xz — x1) + k(x3 — x2)
maxy (1) = —k(xa — x3) — kx3
0.1c0s 2+/3t + 0.9 cos v/21
() | —0.2cos2+/3t + 1.2cos W2t
0.1cos 2+/3¢ + 0.9 cos /21

P = (1" (W' =@ A" —- - —ajh—ap)
b)) a=2 @ a=3ora=-1
(da=1 () a=0 (g all valuesof

The transition matrix and steady-state vector
for the Markov chain are

[ 0.80 0.30

3 [ 0.60

020 070} " 0.40

In the long run we would expect 60% of the
employees to be enrolled.
0.70 020 0.10
(a) A= |020 070 0.10
0.10 0.10 0.80
(¢) The membership of all three groups will
approach 100,000 as n gets large.

The transition matrix is

1 1 11 1 1
0 2 0 4 4 4 4 4
L o0 o 1! 111 1
0853 fle01s 4 ¢+ 8
11 g 1 Loi L oa
3 2 4 i 4 1 3
1 1 i1 1 1
3 01 1 i 4 1 1
(4

6.5

30.

Answers to Selected Exercises

e —1l4+e —14+e
(©) 1—e 2—e 1—e
| =l4e =147e e
e’ —3e! — et
(a) be—r] (b) e:+e—rl
3e' —2
© |2—¢€"
| ¢

(@) |zl = 6, Wl = 3, {z.w) = =4+ 4,

(w,z) = —4 —4i

() llz|l = 4, wll =7, (2, w) = —4 + 10,
(w,z) = —4 — 10i

2, (b) z=4z, + 2422,

15:

16.

27.

2.

. (b) rankof A=2, A" =

(@ ufz=4+2i2"w =4-2i,
ufz=6-5i, 27w, =6+5i

(b) ||zl =9

. (b) and (f) are Hermitian while (b), (c), (e),

and (f) are normal.
®) |Ux]? = U Ux = x" U Ux =
xx = ||x||*
U is unitary, since UPU = (I — 2uu)? =
I —4uu” + 4uwfuou? = 1.

(a) o) =+ 10, gy = 0

(b) o1 =3,0,=2

) og=40=2

(d) oy = 3,0, = 2, 03 = 1. The matrices
U and V are not unique. The reader may
check his or her answers by multiplying
ot USVT.

1.2 —24
—0.6 1.2

The closest matrix of rank 2 is

-2 8 20
14 19 10
0 0 0

The closest matrix of rank 1 is

6 12 12
8 16 16

60 0 0
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6.6

6.7

Answers to Selected Exercises

5. (a) basis for R(AT):
m=E3%)".vn= -2 .97}

basis for N(A): {vs = (}, %, 97}

1
. s - J
& 2 1 3
1.(a)[_§ 1] ® |t 3 3
% -1 2 1 6.8 1.
11 1) & o)
3. == — =
@o-—[1 1)t =b
ellipse 2.
11
g el
@o=%{_ 4]
2
2 2
y’Jr£ :——i(x’f«/i) or
2 2
’ 2
(y")? = f%/,z:x”, parabola
6. (a) positive definite  (b) indefinite 3.
(d) negative definite  (e) indefinite ;1'
7. (a) minimum (b) saddle point ‘
(c) saddle point (f) local maximum 6

1. (a) det(A;) = 2, det(A;) = 3, positive defi-

nite

(b) det{A;) = 3, det(A;) = —10, not posi-
tive definite

(c) det(A;) = 6, det(Ay) = 14, det(A3) =
—38, not positive definite

(d) det(A)) =4, det(Az) = 8, det(ds) = 13,
positive definite

7. (b) and (c) are reducible.

4 0 0)r4 2 1
© |2 2 o”oﬁa
1 =2 2)10 0 2
3 0 0)(3 1 -2
@ | 1 3 0”0«/5«/?
—2 V3 2] 10 0 42

@ A =42 =—1,% =3,2)7
b)) A =81 =3x=(,2)7
© M=Tr=2r=0x=(,117
(@ M =3h=-1x=(@DT
(b) A =2 = 2exp(0),
Ay = —2 =2exp(mi), x; = (1, 1)
(©) A =2 =2exp(0),
=—14+ 3= 2exp (%),
Az =—1—+/3i =2exp (’J—’gﬂ),
xi = (4,2, 17
x; = 70,000, x; = 56,000, x3 = 44,000

X=X = X3

I-A)'=T+A+- 4 A"

T =i B
.(a)(pA)l:[O 0 1]

0 -1 2
0 -2 2
(b) A2=|0 0 0],
0 0 0
0 0 0
Al=10 0 O
0 00

2 oy =%al =24 =13 CHAPTER TEST A
( 1 1. True 2. False 3. True 4. False 5. False
1 0) (4 0)[L %
4@ 11 11lo 9l o 1 6. False 7.False 8 False 9. True 10. False
L , 11. True 12. True 13.True 14. False
-3 1 0 1 0o 1
7
1 o0 o] 0o o)fr 5 3 Chpter
© |[: 10 o 2 ollo 1 =11 7.1 1. (@ 0231x10* (b) 0.326 x 10
L oo % o0 4|llo o 1 (©) 0.128 x 107" (d) 0.824 x 10°
2. (a) e=—28~—87x10™
2
’ f 0 o]fe 0 0ff1 3 -3 (b) € =0.045~12x 107
L : 1 '(1) 8 (3) 2 g (1) i (©) e =30x10"8~23x10"
3 (d e=—-318~-38x10"*
5. () % (3)] [(2) ; 3. (@) 0.10101 x 25 (b) 0.10100 x 27!
(¢) 0.10111 x 2* (d) —0.11010 x 272
o [ 3 ‘13] [3 *” 4. (2) 10,420, = —0.0018,8 ~ —1.7 x 107
- (b) 0,e =—8,8=-1




[ B

n¥

. False
. False

7.2

7.3

() 1x10%e=5%x107,8=1
() 82,190, ¢ = 25.7504, 6 ~ 3.1 x 10~

. (a) 0.1043 x 10°

(b) 0.1045 x 10
(c) 0.1045 x 10°

. 23

1 00 1 1 1
A= 2 1 0] IO 2 -1
-3 2 1 0 0 3
L@ 2, -1,3)T () (1,-1,3)7
© (1,507

. (a) #»? multiplications and n(n — 1) additions

b) #° multiplications and n2(n — 1) additions
P

(¢} (AB)x requires n* + n* multiplications
and n® — n additions A(Bx) requires 2n>
multiplications and 2n(n — 1) additions.

. (b) (i) 156 multiplications and 105 additions,

(ii) 47 multiplications and 24 additions,
(iii) 100 multiplications and 60 additions

. 5n — 4 multiplications/divisions, 3n — 3 addi-

tions/subtractions

. (@ [n — jH(n — j + 1)]/2 multiplications

[(n — j — 1)(n — j)1/2 additions
{c) It requires on the order of 2n° additional

multiplications/divisions to compute A",
given the LU/ factorization.

(e (1,1,-2)
0 0 1 1 0 0 1 2
) 11 0 0 2 10 0 1
01 0 0 3 1 0 0
C (a) (1121 2) (b) (47 _3)0) (C) (ialsl)
p=|1 0 o0ol,L=]| L 1 0],
01 0 L
43
2 4 —B 6
v=|0o 6 9of,x=|-L
0o 0 1
0 1
'P=Q=[10L

1 0) (4 2
PAQ:LU:[ 1] [0 )

o

1
2

-2
8

—23

|

5.

6.

Answers to Selected Exercises 481

(a) ¢ = Pe=(—4,6)7,
Y= L_La = (_'4! B)Y‘s
2=U"y=(-3,47

(b) x=Qz=(4,-3)7

0 0 1 0 0 1

M P=]0 1 O],Q:ll 0 0’,

1 0 0

(=]

0
01,
1

L=1]—

= R —_—
LR

2

Error =20% ~ —3333¢. If € = 0.001, then
§=-1%
2

8 6 2
U=|0 6 3
0 0

. (1.667,1.001)

9. (5.002, 1.000)

10.
74 1.

(5.001, 1.001)

@ [Allr =2 Al =1, A1 =1
®) |Allr =3, 1Al =5, |AlL =6
© lAllr = Al = 1Al =1

@ IAlr =7, [ Allo = 6, [|Al} = 10
@ IAllr =9, Al = 10, AL =12
2

T Al =l =1 1 llF = +/n

12.
27

34.
35.

. The solutions are [ _0642 and

(@ 10 ) (=1L 1,-D7
() Ax]le = || AX]l
< Alzlxllz < V/nllAll2lX]

. cond,, A = 400

—2.902
2.0

. condy, (A) =28

@ A=

"
—n
(b) cond, A, = 4n
(¢) lim, o conde A, = 00
o1=8,0; =8, 03=4

(@ r = (—=0.06,0.02)" and the relative
residual is 0.012

(b)y 20
(@ x=(1, D7, |x — %]l = 0.12

. cond,(A) =6
37.

0.3
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38. (a) |rflse = 0.10, cond,.(A) = 32 b x=(-1,3,-DT
(b) 0.64 3 4
= 7 e 5 5 . -1
(©) x = (12.50,4.26,2.14, 1.10)", § = 0.04 c@Ge=1 JX=| 1
i, A& N B
75 1. (@ 2 72 (b) 2 5 8. It takes three multiplications, two additions,
__} ﬁ 1 % and one square root to determine H. It takes
: . four multiplications/divisions, one addition,
-3 3 and one square root to determine G. The
() 1 4 calculation of GA requires 4n multiplications
5 3 and 2n additions, while the calculation of HA
% 0 % requires 3n multiplications/divisions and 3n
2. @ | o 1 0 additions.
4 i 9. (a) n— k + 1 multiplications/divisions,
s 3 2n — 2k + 1 additions
% -5 0 (b) n(n — k + 1) multiplications/divisions,
w | -1 L 0 n{(2n — 2k + 1) additions
2R 10. (a) 4(n — k) multiplications/divisions,
0 0 1 2(n — k) additions
10 0 (b) 4n(n— k) multiplications,2n (n — k) addi-
i tions
3
© 10 3 % 11. (a) rotation (b) rotation
0 JTE -1 (¢) Givens transformation
(d) Givens transformation
1 0o 0 1 2 0
& 76 1. (a)uI:[ ] (b)A2=[ ]
@ 10 - % | 0o
0 % ‘? (¢) Ay = 2, A, = 0 the eigenspace corre-

3. H=1- %VVT for the given 8 and v. sponding to A, is spanned by u;.
3 0.6
@ B=9v=(-1-1,-HT 2. (@) v = 5],111:[1,0],
M) B=7v=(-1,23)T 3 0.6
© =18, v=(-2.4 -9 22 0.52
vo= |42, us=]1.00],
4. (@ p=9v=(0,-1,4,17 2.2 0.52
) 8 =15v=0,0,—-5-1,2) 2.05
5 (a) p=18,v=(=3,1,1,57 vy = | 4.05
6 0 6 2.05
b) A = 4.05 A =4,8= 00125
moga=|2 2 9 ®) 2| © k=4,
0 —4 -6 3. (b) A hasno dominant eigenvalue.
0 4 -6 3 —1 34 02
1 T 4 A2 = b A3 — 3
6. (a) HbHIA = R, where if; = T — WV, -1 1 02 0.6
i=12andp, =6, =5. M o=24++2 3414, A =2 — /22 0.586
=g 0 5.0 H = T — éwT, where § = 1§ and
v, = 21, va=|-11, v=(~§,~§,§)T
= 3 © la=3ra=1,
3 4 -2 4 0 3
R=10 5 10}, HAH=|0 5 —4
¢ 0 =5 0 2 -1

b = HyHb = (11,5,5)7 77 1 @ O () (1-3v2.3v2, V2"
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© (L,OT () (—+2,v2, -2 [1]
dib; +eibny; 2
2y=—m———i=l..n
d'- -+ E,- 1 -2
i 4. (@) oy =v2+ L om=c @7 y‘[zl“"[ 1”
1018, o 5 (- b I
talies (b) A =2,4,=0,0{ =+/2,0, =0 14, 4y — Allr = . [ AT — AHp = 1/e. ,
lition, . % i 0 Ase — 0, ||A; — Az]lr — Oand
The Dhe ==l 5 g IAT — A7l — oo.
ations 74
f HA L 1 CHAPTER TEST A
d 3n 12. (a) AY = 10 10 (b) A*h = 1. False 2. False 3. False 4. True 5. False |
= . 6.False 7.True 8.False 9. False 10. False
sions, l
 addi-
corre-
25
: 0.586
L and

_ﬁ)T




