ANSWERS TO EXERCISES

Exercise Set 1.1 1.
(page 6) 3.
4.
5.

6.
12.

Exercise Set 1.2 1.
(page 19)

8.

12,
13.

(@), (). (f)
@x=3+3t
y=t
O u=3-%+] xn=b-fs+3-1 v=f-ir+is-%
X2=38 X2 =r w=gq
x3=1t x3=sS ) “x=r
xg=1 y=s
. z=t
3 -2 -1 2 0 2 1
@4 5 3 i3 -1 4 7
7 3 2 6 1 -1 0
1 2 0 -1 1 1 1 001
@lo 3 1 0 -1 2 @Jo 10 2
o 0o 1 7 0 1 0 013
(Il) le =0 (b) 3x; —2x3= 3§ -
3x; —4x =0 Ix1+ x2+4x3=-3
x=1 -2+ x3= 7
© T +2n+ x3-3y4=5 (@ x = 7
Xy -'J-sz +4x; =1 X2 =-2
X3 = 3
xXg= 4

(@ x—2y=5 () Letx =f;thent — 2y = 5. Solving for y yields y = r — §.
(2) The lines have no common point of intersection.
(b) The lines intersect in exactly one point. (c) The three lines coincide.

(@) (), (0); (@), (), (), ()

(a) Both (b) Neither
(d) Row-echelon (e) Neither
(@ x31=-3, x=0, x3=17
®x=Tt4+8 x=-3t+2, x3=—t-5, x4y =t

© x1=65—-3t—-2, xa=35, x3=—4t+7, x4=-5t+8, xs=t¢
(d) Inconsistent

(8) X1 =3, 11‘—‘1', X3=2
©x=t-1 y=2s z=5, w=t

() Both
(f) Both

1_3 1_ 4 oo
®) xi=—3—3t xp=35—35, x3=1
777 777

(d) Inconsistent

(a) Inconsistent Mx=-4 =2 x3=7
©@x=3+2 0=t @x=8-3-3s, y=F+4—s, =1, w=s
@), (), (@ :

@ x=0, x2=0, x3=0 M) xy=—s, Xo=—t—5, x3=45, x4=1
©w=t, x=—t, y=t, z=0 .
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Exercise Set 1.3
(page 34)

14.

15.

19.

30.
32.

5.

(a) Only the trivial solution M) u=7s-5, v=—6s+4t, w=25, x=2
(c) Only the trivial solution

(a) I]=—l, Iz=0, I3=1, ]4:2
(b) 21=—S—t, Zz=5, Z3=—t9 Z4=0’ Zs=t

I:(l) ?]and[(ll (l)]mpossibleanswers. 20, a=n/2, B=ux, y=0

IfA=1thenx; =x, = —3s, X3 =35

IfA=2thenx; =5, 5, =0, x3=¢5

x =-13/7, y =91/54, z =-91/8 25. a=1,b=-6,c=2,d=10
(a) Three lines, at least two of which are distinct (b) Three identical lines

‘(a) False  (b) False  (c) False  (d) False
(a) Undefined (b)) 4x2  (c) Undefined  (d) Undefined
() 5x5 (f) 5x2 () Undefined  (h) 5x2

a=5 b=-3 ¢c=4d=1

-5 0 -1 -5 0 -1
(@ [7 2 4] m]|] 4 -1 1 @] 4 -1 1

33T -1 -1 1 -1 -1 1
-_1 3
4 2
0 0 -1
(d) Undefined ©| 3 0 ®) -
3 9 -
L. 4 4
T 9 1 -1 9 —-13 0
@|-13 2 -4 M| 1 2 1
| 0 1 -6 -1 -4 -6
(12 -3 . 42 108 75
(@) | —4 (b) Undefined (c) (12 -3 21
4 1 36 78 63
3 45 9 3 45 9 0 17
@in -n 17 ©|n -n 17 ® |7 3
|7 17 13 B A VA
0 2 1 12 6 9
@ 2 1 s] () |48 —20 14 Me61 (D35 (W (28)
L | 24 8 16
67 3 —2 7 6 6 -2 4
(@ |64|=6|6]|+0] 5|+7]4 ® | 6|=3|0]+6] 1]+0]|3
63 | 0 4 9 63 7 5
[417] 3 -2 7 —6 6 -2 4
21| =-2|6|+1| 5|+7]|4 17| =-2|0|+5] 1]|+4]3
| 67 0 4 9 | 41 7 7 5
(417 3 -2 7 [ 70 6 -2 4
59| =4|6|+3| 5|+5]|4 31| =7|0]+4| 1|+9]3
| 57 0 4 9 | 122 7 7 5
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13.

16.

17.

21.

27.

30.

32.

Exercise Set 1.4
(page 48)

7.

2 -3 5 x 7
(@ A=|9 -1 1|, x={x|, b=]-1
_l 5 4 X3 0
4 -3 1 X1 17
5 1 0 -8 X2 3
A= , = , b=
®) 2 5 9 1| *T|x 0
0 3 -1 7 X4 2]
4 -7 -19 —437 ? Z
-3 -15 -1 2 2 18 17
1 5
@ [21 ~15 44] ®ly 5 25 35| © s s
2 3 23 24 0 14
(a) Ay isa2 x 3 matrix and By, is a 2 x 2 matrix. Aj;B), does not exist.
-1 23 -10
® |37 -13 8
| 29 23 41
[y, 0 0 0 0 O] [an a a3 auw a5 a |
0 a 0 0 O0 O 0 an a3 au ays ax
0 0 a3 0 0 O 0 O ap a3y as as
® ®) "
0 O 0 a4 0 O 0 0 O au as ag
0 0 O 0 ass O 0 0 0 0 ass as|
|0 0 0 0 0 a |0 0 0 0 0 oag|
-au 0 0 0 0 0- -an az 0 0 0 0-
an an 0 0 0 [} aQy an 4axn 0 0 0
ay axn axn 0. 0 0 0 ay a3 a 0 0
© @ *
ay ap ap ayw 0 O 0 0 ay ay as O
asy as; asy ass ass O 0 0 O ass ass asg
|G Qg2 Qg3 Gs4  Ass Qe | |0 0 0 0 as as]
1 1 0
One; pamely, A =1 -1 0
0 0 O

0
(a) Yes; for example, [

(@) True

0

0
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1 1 0
(b) Yes; for example, 00

(b) False; for example, A = [i ::] © True  (d) True
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3

13
C=-A"'BA"

_ |39
126 1

18.

© p(4)

2

—sin @

s 6

o
-sin@

9. (@) p(A)= [
19. (a) [

1L
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34. (a) If A is invertible, then A7 is invertible.

L (), ()@ )

Exercise Set 1.5
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19. (b) Add —1 times the first row to the second row.
Add —1 times the first row to the third row.
Add —1 times the second row to the first row.
Add the second row to the third row.

24. Ingeneral,no. Tryb=1, a=c=d=0.

Exercise Set 1.6 1. =3, m=-1 4 x1=1 xn=-11, x3=16
(page 66) 6. w=-6 x=1,y=10, z=~7
9. @un=% n=-~4xn=- M®Mu=-{n=%}n=2
© x; —3 X2 =0, x3=—4
n. @n= ,-,, n=35 O un= ﬂ, =14
3. @ x= ,5, =4 ®) x; = 75, n=2
©@u=Fxn=3 @ xn=-%xn=3

15. @ x3=-12-3t, x,=—5—-1, x3=1 M x=7-3t, x,=3—-t, x3=t
11 12 -3 27 26
19. by=>b3+by, by =2b3+ b, 2. X=| -6 -8 1 -18 -17
-15 -21 9 -38 =35
22. (a) Only the trivial solutionx; = x; =x3 =x4 =0;inv§rh‘ble
(b) Infinitely many solutions; not invertible

28. (a) I — Aisinvertible. ) x=(I — A)'b
30. Yes, for nonsquare matrices

Exercise Set 1.7 1 9 -1 00
(page 73) 1 (a) [’ _ l:l () Notinvertible () | 0 3 O
3 0 0 3
10 10 1 0
3. 2= , A%= , A*=
@4 [o 4] [o ] [o w—m‘]
100 4 0 O 2 0 0
® A2=]|0 L o0f, A2=|0 9 0], A*=]|0 3* O
00 & 0 0 16] 0 0 4
5. @ 1. a=2 b=-1
[1 0 o 1 0 0]
10. @ |0 -1 0 ®| 0 £} o0
0 0 -1 0 0 1]
ay, ap ap|[3 0 0]
11. (a) a) apn ap 050 (b) No
_.031 az ass 00 7_
16. (b) Yes 17. Yes
4 0 0 4 0 0] (4 0 0 -1 0 0
19. |0 4 0f, 0 4 o0}, 0 -1 0f, 0 4 0f,
0 0 4 0 0 -1 0 o0 4 | 0 0 4
-1 0 © -1 0 O 4 0 o} -1 0 0
0 -1 0}, 0 4 0}, 0 -1 o0}, 0 -1 0
| 0 0 4 0 0 -1] 0 0 -1] 0 0 -1

20. (a) Yes (b) No (unlessn = 1) (c) Yes (d) No (\ml&ssn =1)
4. @@= n=1 n=-4 b) xy=-8, xp=-4, x3=3




7 L

Supplementary
Exercises

(page 76)

Exercise Set 2.1
(page 94)

Exercise Set 2.2
(page 101)

Answers to Exercises

25.

11.

13.
16.

29.

1.

4.

6.

13.

16.

21.

12.
16.

1 10 n
A=[o _2] 26. -2-(l+n)

¥=jrt iy y=-fr b

@-30 ®-2 @0 @O

30 6 —17 8 39 11. -2

@-6 @72 ()-6 (418

(a) det(A) = —1 (®) det(4)=1 18. x=0, -1, 1

One possible answer is
x1—2xz— x;—x4=0
Xy + 5xp + 2x4 =0
x=4, y=2,z=3
(@ a#0 b#2 ®) a#0,b=2 ) a=0b=2 @a=0,b#£2
0 2
13 160
-1 3 -1 1 -2 -3 &
= X= =
@x [6 o 1] ® [3 1] © X [_% e
mpn multiplications and mp(n — 1) additions 15. a=1,b=-2,c=3
a=1,b=-4, c=-5 26. A=—-§,B=§,C=%
a 00 T2 faske
® |0 » O |,whered=4 a—c
d 0 ¢ na*! ifa=c
() My =29, My =21, Mi3=27, My =-11, Mp =13,
M23=—5, M3|=~19, Mn=—l9, M33=l9
() Cu =29, Ciz=-21, C3=27, Cyy =11, Cp =13,
Cx =5, Cg;=—19, C32=19, C33==l9
152
2 1 _19
29 1 -19 152 152 152
@) adj(A)=|-21 13 19 ®A'=|-2 2 5
27 5 19 2 3 19
152 152 . 152
3 -5 -5
—66 8. K®—-82—10k+95 11 Al=|-3 4 5|
2 -2 -3
13 -4 3 0 -1
: 2 2 -1 0 0
-1 _ 0 1 3 g ~1 -
A 3 15. A 7 0 -1 8
00 3 6 0 1 -7
x1=1,x=2 18 x=—%,y=—%;z=%
cosf —sinf O
Cramer’s rule does notapply.  22. A~! = | sin@ cos§ O
0 0 1
x=1y=0,z=2, w=0 31. det(A) =10 x (—108) = —-1080

34. One




Exercise Set 2.3
(page 109)

Exercise Set 2.4

~ (page 117)

Supplementary
Exercises
(page 118)

Exercise Set 3.1
(page 130)

1
4.
6.

. .

14.

15.

20.
22.

t
@A —-4=0 @) Ar=-2 A=2 (i) [—3]- [__,]

Answers to Exercises ° o 785

(a) det(2A) = —40 = 22 det(A) (b) det(—2A) = —448 = (—2)* det(A)
(a) Invertible (b) Not invertible (c) Not invertible (@) Not invertible

i x =0, the first and third rows are proportional.
If x = 2, the first and second rows are proportional.

@r=2E1 gy

o2 2R o P 2)E]-f
e HEH

OAX-2-3=0 @A=-1, A=3 (i) [—'], [:]

t

®N—51—6=0 () A=—1, A=6 G [‘:]

t
No  21. AB issingular.
(a) False (b) True (c¢) False (d) True
(a) True (b) True (¢) False (d) True

@5 M9 (©F6 @10 (@0 ()2

3. 22 5 52 1. a*-5a+21 9. —65 11. —-123

13.

17.

13.

15.

18.

@i=11=-3 M A=-2,1=3,1=4 " 16. 275

(a) =-120 ® =-120 18 x= 3 :k;/ﬁ 22. EqualsOifn>1

¥=dx+dy, y=-tx+l 4 2 »
2 _ 2 -

cosf = _c_2+_a;bz’ cosy = a_ﬁ_cz 12. det(B) = (—1)"¢=D/2 ger(A)

2ac 2ab
(a) The ith and jth columns will be interchanged.
(b) The ith column will be divided by c.
() —c times the jth column will be added to the ith column.
(@) A%+ (—ay — ap — axn)A?
+ (anaz + anas + anay — apay — apas, — apan)h
+ (ananas + anasnas + apaxnay — ananay — apanas — apanas)

_y st 7t 3t
@ ArA=-5 1r=2 1A=4; t}, t], |19 ®ArA=1 |-}
t t t t

@ PA=(-1-1) @) RB=(-7-2 (©PFRB=@1

@ PB=@b @ PR=(-512-6 @ hh=0-1,-2)

@ PPy =(-a,-b,—) () FF=(a,b,c)

(a) P(—1,2,—4) is one possible answer. (b) P(7, -2, —6) is one possible answer.

@ (-=2,1,-4) (®) (-10,6,4) ©) (-7,1,10)
(d) (80,—20,—80) () (132,-24,-72)  (f) (—77,8,94)
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Exercise Set 3.2
(page 134)

Exercise Set 3.3

(page 142)

Exercise Set 3.4
(page 153)

Exercise Set 3.5
(page 162)

8.
12.

15.

=2 c=-1, =2 10. a=c=c3=0
(@ x'=5 y=8 ()x=-1 y=3

o= (£:4) = (-4-8),

wrv= (G ), wov= (52 )

@5 MVI3 ©5 @23 (@©3v6 @6

3. V8 @ VIT4+v26 (o) 41T (d) 4466

9.
10.
16.
17.

1

©(Frf-d) O

o (3.3) © (' —7'1

A sphere of radius 1 centered at (xp, yo, zo)

@a=c=0 () Atleast one of a or ¢ is not zero, that is, a? + ¢ > 0
(a) The distance from x to the originislessthan 1.  (b) [lx — xof > 1

@-11 ®-24 ©0 (@O0

(2) Orthogonal (b) Obtuse  (c) Acute  (d) Obtuse

5 @62 O34 0@L-Y) @ @G-2-2
8. (b) (3k, 2k) for any scalar k © (5,5) ( 5,_._

11
16.

20.
27.

29.
30.

cosy = T, costy = 3B, cosy =0  13. +(1/3,1/3,~1/43)
@2 - (c)—ﬁﬁ @ 3

cos~! {2 21. cos -

(%) ®) cosf = o5, cony = o

() The vector u is dotted with a scalar. (b) A scalar is added to the vector w.
(c) Scalars do not have norms. (d) The scalar k is dotted with a vector.
No,itmerelysaysthatuisorthogonaltov w.

o . f
.r (u- r)“ “2 )II n2+(w r)Il B 31. Theorem of Pythagoras

(a) (32’ '—6y "4) (b) (—14, "'20» _82) (c) (271 4ov _42)
@ 0,176, —-264)  (e) (—44,55,-22) ) (-8,-3,-8)

@Vv59 (@®JI0I (0

7. Forexample, (1,1, 1) x 2,-3,5) =@, —3 -5)

11.
15.

28.
36.
38.

@-3 ®3 ©3 @3 @©@-3 MO

@No (b)Yes (9No 13 (7;;,—%, 7%') (‘:%7” 735.—7%7)
2vxu)  17. @ E B ZB 2 @122 @) 0~4°1Y

(@) m=(0,1,0) andn = (1, 0, 0) ) (-1,0,0) (¢) (0,0,—-1)
(-8,0,—-8) 31 (a) 3 B3 35 ®Mu-w#0, v.w=0

No, the equation is equivalenttou x (v — w) = Oandhencetov — w = ku forsome scalark.
They are collinear.

@ 2x+D+0-3)~-z+2=0 ® x-D+9%-1)+8z—-4)=0

(¢) 2z=0 @ x+2y+3z=0

(a) (0,0, 5) is a point in the plane and n = (-3, 7, 2) is a normal vector so that
—3(x — 0) + 7(y — 0) + 2(z — 5) = 0isa point-normal form; other points and normals
yield other correct answers.

() (x —0) + 0(y — 0) — 4(z — 0) = 0 is a possibility
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- 5. (a) Not parallel (b) Parallel (c) Parallel
9. (@ x=34+2, y=~1+¢t, z2=2+3 ®) x=-246t, y=3-—6t, z=-3-2
© x=2 y=2+t,2z=6 d)x=¢ y=-2, z=3¢t
1. @ x=-12-7t, y=—-41~23t, z=t (b)x=§t,y=0,z=t
13. (a) Parallel (b) Notparallel 17. 2x+3y-—5z+36=0
19. (@) z—2 =0 M) x—x=0 © y—y»=0 21 5x—2y+z-34=0
23. y+2:-9=0 27. x+5y+3z—-18=0
29, 4x+13y—z-17=0 31. 3x—y—z—-2=0
3. @x=R+5 y=-H—-4t 2=t @®x=-3,y=0 2=t
N @ Ok ©F
x-2-3=y+1=% ‘(b) x-;2=__y-6—3= ,z-;-3
44, (a) x —2y — 17 = 0 and x + 4z — 27 = 0 is one possible answer.
(b) x —2y = 0and —7y + 2z = 0 is one possible answer.
45, (a) 0 ~35° () 6 = 79° 47. They are identical.

43. (a)

Exercise Set 4.1 1. (@) (-1,9,-11,1) ®) (22,53,—19,14)  (c) (—13,13,—36,—2)
(page 178) (d) (-90, —-114, 60, -36) © (-9,-5,-5,-3) ®) (27,29,-21,9)

3. a=lLa=lL,a=-Lag=1 5 @+29 @®3 (©13 (@ V31
8 k=xf 10. (3 (7‘;3 73,-5)(-7'? -7-}5) -
14. (a) Yes (b) No (c) Yes (@ No (¢) No. (f) Yes
15, @k==3 (Mk=-2k=-3 19 x=1 xp=—1, x3=2

22. The component in the a direction is proj,u = % (1, 1, 2, 3); the orthogonal component "
is £(34, 11,52, =27). : :

23. They do not intersect.
33. (a) Euclidean measure of “box” in R™: ayaz---a,

(®) Length of diagonal: \/a? + a3 +eootal

. 35. (a) d(u,v) =2
37. (a) True ®) True (c) False (d) True (e) True, unlessu =0

Exercise Set 4.2 1. (a) Linear; R — R? (®) Nonlinear; R? — R3? (¢) Linear; R?> - R?
(page 193) (d) Nonlinear; R* — R2?
3 5 —1]
3. 4 -1 1 T(-4,2,9=(03,-2,-3) .
3 2 -1
_ - 0 0 0
_(1’ (1) 7 2 -1 1 0 0 0
@ m|lo 1 1 o ©l|o oo
1 —1] -1 0 0 0 0 0 0
- 0 0 O
[0 0 0 1
1 0 0 0
@10 0 1 0
0 1 0 0
[ 1 0 -1 0

7. (@) T(~1,4)=(5,4) ®) T, 1,-3)=(0,—2,0)
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Exercise Set 4.3
(page 206)

- 9.

13.

15.

17.

19.

21.

24.

29.

30.

31

1.

®@-5-3) O 259 ©2-53
@ (2452,1228) @) 01222 ) (-1,-22)

@ (-2.42,2248) @) 2510 © 1L22)

K 0 -2 V2 -1 0
ols 5 o[7d e[t
V3/8 —+/3/16 1/16 0 0 0

@ | 1/8 3/16 —+/3/16 ®»lo -1 o
| o 1/8 V38 0 0 -1
0 1 o0

@] 0 0 -1
-1 00

(@) Yes (b) No

j(1—cos6) +cos@  J(1—cos6) ~ Jsing (1 —cosf) — Lsing

3(1—cosf) — Jzsind  J(1—cosf)+cosd  §(1—cos) — Lrsing

ga-eoso)_;;sino
(o) 90°

(a) Twice the orthogonal projection on the x-axis
(b) Twice the reflection about the x-axis

(a) The x-coordinate is stretched by a factor of 2 and the y-coordmate is stretched
by a factor of 3.
(b) Rotation through 30°

Rotation through the angle 20 34. Onlyifb = 0.

3(1 —cos6) — J=sin@  1(1—cosb) +cosd

(2) Not one-to-one (b) One-to-one (c) One-to-one (d) One-to-one
(¢) One-to-one (f) One-to-one () One-to-one
For example, the vector (1, 3) is not in the range.
172
(a) One-to-one; i 1] “Hwr, wy) = (Jwy — Zwy, s + Lw,)
3 3

_(b) Not one-to-one

(0] One—io—one; [-(1) _(1)]; TN (wy, wy) = (—wa, —wy) (d) Not one-to-one

(a) Reflection about the x-axis
(¢) Contraction by a factor of 4
(e) Dilation by a factor of 5

(b) Nonlinear

(b) Rotation through the angle —x/4
(@) Reflection about the yz-plane
(2) Linear

(¢) Linear (d) Nonlinear

(a) For a reflection about the y-axis, T'(e;) = [—(1)] and T(e;) = [0

N
-1 0
Thus,T:[ 0 1].

1 0
(b) For a reflection about the xz-plane, T(e;) = | 0|, T(e;)=1|—1], and
0 0]
0 1 00
T(es)=|0|. Thus,T=|0 -1 0.

1 0 01



Exercise Set 4.4
(page 217)

13.

16.

17.

19.

T 2T

Answers to Exercises » « » 789

(c) For an orthogonal projection on the x-axis, T'(e;) = [(l)] and T(e)= [0

ol
: 1 0
Thus,T=[o ]

0 0
(d) For an orthogonal projection on the yz-plane, T'(e;) = | 0|, T(e;) = | 1|, and
0 0]
0 0 00
T(es)=|0.Thus,T7=]0 1 0
1 0 0 1
i . cosf —sin8
(€) For a rotation through a positive angle 8, T (e;) = [sin 6 and T(ep) = [ cose]'
cos§ —sind
ThllS,Tz [sine 0080].

k 0 0
(f) Fora dilation by a factork > 1, T'(e;) = [0], T(e;) = k:l, and T'(e3) = [0:'

0
T [~ d Ty =|2| Ths, 7=
(@) T(e)= ol @ (e2) = of ThusT =

o o

k
Thus, T = |0
0
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®) T(e) = _‘1’] and T(e) = [1] Thus, T = [_

|

[ 00
©) T(e) = g] and T(e;) = [g] Thus, T = [3 0].

(a) Linear transformation from R? — R3; one-to-one
(b) Linear transformation from R? — RZ; not one-to-one

@GH oG%E) o(@3LsE)

0 t s 0
@i=1;|s A=-11|0 ®)r=1;10 A=0;|12
t 0 t 0

0
(c) A = 2; all vectors in R3 are eigenvectors @xri=1; O:l

t

® cos20  sin20 ) 1453 V/3-5
sin20 ~—cos28 2 2

(a) The range of T is a proper subset of R”.

(d) T must map infinitely many vectors to 0.

1 00
(@) X2 +2x—1-203x2+2) =—5x2+2x—5 4. (a) Yes; A= 8 (1) ‘1)
000

(a) L: P, > P, where Lmapsax+bto(a+b)x+a—>b
(a) 3e* +3e™ = 6cosh(z) (b) Yes
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Exercise Set 5.1
(page 226)

Exercise Set 5.2
(page 238)

Exercise Set 5.3
(page 248)

12.
18.

21..

25.

11.

12.

-26.

1.

18.
19.

20.

y=2x2 M. @ y=x*-x 15 (@) y=2x>-2x+2
(a) No, because of the arbitrary constant of integration
(b) No (except for Pp)

(a) Each L;(x) is a polynomial of degree at most n and hence so is the sum
yoL(x) + -+ -+ ¥, L(x); also, p(x)) =0+04---+0+y -L;(x;) +0+---+0
+ 0 = y;, showing that this function is an interpolant of degree at most n.

(d) Itis I,;,c =y where c is the vector of ¢; values and y is the vector of y-values.

Not a vector space. Axiom 8 fails.

Not a vector space. Axioms 9 and 10 fail.

The set is a vector space under the given operations.
The set is a vector space under the given operations.
Not a vector space. Axioms 1, 4, 5, and 6 fail.

The set is a vector space under the given operations.
The set is a vector space under the given operations.
No. A vector space must have a zero element.

No. Axioms 1, 4, and 6 will fail.

(1) Axiom 7 (2) Axiom 4 (3) Axiom 5 (4) Follows from statement 2
(5) Axiom 3 (6) Axiom 5 (7) Axiom 4
No; 0, =0, +0, =0,

(a)s (C) 3‘ (a)’ (b)s (d) S. (a), (b), (d) B

(a) Line;x = —1t, y=—3¢, z=t .(b) Ling;x =21, y=1,z=0  (c) Origin -

(d) Origin (e) Line;x =-3t, y=-2t, z=1 (f) Plane; x ~3y+2z=0

(@) —9 —7x — 15x2 = —=2p, + p2 — 2p3 ®) 6+ 11x +6x2=4p; —5p2+pa

(¢) 0=0p, +0p; +0p3 (@) 7+ 8x +9x* = 0p; —2p2 +3ps

(a) The vectors span. (b) The vectors do not span.

(©) The vectors do not span. (d) The vectors span.

@,(),(e 15 y=z

(a) They span a line if they are collinear and not both 0. They span a plane if they are
not collinear.

(b) If u = av and v = bu for some real numbers a, b

(¢) We must have b = 0 since a subspace must contain x = 0 and then b = A0 = 0.

10 01 0 0 00
I

(b) The set of matrices having one entry equal to 1 and all other entries equal to 0

(2) u, is a scalar multiple of u;.

(b) The vectors are linearly dependent by Theorem 5.3.3.

() p2 is a scalar multiple of p;. (d) B is a scalar multiple of A.

None 5. (a) They do not lie in a plane. (b) They do lie in a plane.

® vi=2iv-3vs, =Ivi+dvs, s=-Ivi+2v, 9 A=-,2r=1

If and only if the vector is not zero

(a) They are linearly independent since v, V4, and v do not lie in the same plane when they
are placed with their initial points at the origin.

(b) They are not linearly independent since v;, v, and v; lie in the same plane when they
are placed with their initial points at the origin.

(a), (@), (e), ()

(a) False (b) False (c) True (d) False 27. (a) Yes
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1.

31.

32.
35.

5.

. (@ {1, v2, e} or {vy, v, €5}
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() A basis for R? has two linearly independent vectors.
(b) A basis for R3 has three linearly independent vectors.
(c) A basis for P, has three linearly independent vectors.
(d) A basis for My, has four linearly independent vectors,

(a)) (b) 7 (a) (W)S = (32 "'7) (b) (W)s = (23' 1%

@ Ms=G,-2,1) ) Ms=(-2,0,1) 1L
Basis: (-4, —14.1,0), (0, -1,0, 1); dimension = 2
Basis: (3, 1,0), (1,0, 1); dimension = 2
(a) 3-dimensional  (b) 2-dimensional
3-dimensional

© ms=(a.232)
(A)S = (—l, 1’ "'1» 3)

(c) 1-dimensional

() {v1,v2, &1} or {vy, v2, &} or {1, V2, €3}
(a) One possible answer is {—1 4 x — 2x2, 3 + 3x + 6x2, 9}

(b) One possible answer is {1 + x, x2, -2 + 2x2}.

(c) One possible answer is {1 4 x — 3x2}.

(@) (2,0 ®) (%—%) © ©01n @ (%a,b—%)

) 1 0 01
Yes,forexample,[o ;l:l]' [:l:l 0]

@r O rr+D/2 () a@Rr+1)/2
(a) The dimensxon ism—1.

® (1,0,0,...,0,-1), (0,1, 0
wabasnsofslzcn-l -

—'1): (0,0, lt-~-v0r—l)!'“)(0»0r01”~9 1,—'1)

n =(2v"1y0a 1)’ r2=(3 5 7

ﬂiﬂ -1
o %]-[]-[2]

1] -1
© |9|-3] 3|+
[
2] 1 -1 1
@ |0fl=| 1|+¢-D| 1|+2]-1

0 [—1 —1] 1J

4] 1 2 0
3 0 1 2
@ |g|=-26] | +1B],|-7|][*+*

o} 41 o[

—l)’ n= (1’ 4a 2, 7);

-

(b) bisnot in the column space of A.

o
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11.

14.

»

=) ) -1 2 73 -1 )
0 1 0 0 1 0 0
@1 ol ol 5| 1| of "lo| ™| 1|*] o
o 0 0 1 0 0 1

-5 7 1 7 '

5 5 5 5 5

1 : 3 X _3

(d) 5 +s 5 +1 5 ;s s +t 5

0 1 0 1 0

o 0 1 0 1

1 2
@n=[1 0 2], =[O0 0 1), c=[0. 0= 1]

0 o
17 -3
- 0 1
®rn=[1 -3 00, =010 0, ¢= ol 2= o
. 0] 0
©n=0 2 4 5, n=0 1 -3 0,
n=[0 0 1 -3], ry=[0 0 0 1}
1 ' 4
0 1 -3 0
cg={0}), =10 s €= 1|, e4=|-3
0 0 0 1
0, 0 0 0

@Dr=01 2 -1 5}, rn=[0 1 4 3],
r3=[0 0 1 -7, rn=[0 0 0 1],

1 2 —17 5
G = 0 y &= ! y G = 4 » &= >
0 0 1 -7
0 0 0] 1
1 -1 2 ! 4]
@ [5], |-4 ® |4 © | 2f, |1
K -6 0 | —1 K3
_ . 1 -3 27
0o o| | 3| | s
@] .| @ 2|, [-3], |2
-1 0
) 3 3 -6 0
- -2 9 2|

(a) (l) l’ _47 —3)' (0’ lv _5) —2)3 (0’ 0’ l’ —%)
®) (1.-1,2,0), ©0,1,0,0), (0,0,1,-1)
© (1,1,0,0), (0,1,1,1), (0,0,1,1), (0,0,0,1)

1

0 00

3a —5a

®io 1 0 17. for all real numbers a, b not both 0.
0 0 1 3b -5b

Rank (A) = rank(A7) =2
@z1 ®L2 ©@2%2 (@23 (32

5. (2) Rank=4,nullity=0  (b) Rank =3,nullity=2  (c) Rank = 3, nullity = 0
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16.

19.

9.

11.
15.
19.

27.

1L
15.

17.

18.

32.
35.
37.

1.
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(a) Yes, 0 (b) No (c) Yes, 2. (d) Yes, 7 (e) No

(f) Yes, 4 (2) Yes, 0

b1=r,bz=s,b3=4s—3r, b4=2r~—s, b5=8s-7r 11. No
Rankis2ifr = 2 and s = 1; the rank is never 1.

1 00 :
(a) [0 1 O:I (b) A line through the origin (c) A plane through the origin
0 0 0
(d) The nullspace is a line through the origin and the row space is a plane through
the origin. ‘
@3 ®mMS (@3 @3

(a) All of R? (b) Plane: 2x —3y+2z=0

(c) Line: x =2¢, y=t, z=0 (d) The origin: (0, 0, 0)

(2) a(4,1,1)+5(0,-1,2) M) (a+0)3,~1,2) +b(1,4,1)
() a(2,3,0)+b(-1,0,4) +c(4,—-1,1)

@ v=(14+r i+ (G -r)v+rv;rabittary 7. No
(2) Rank =2, nullity =1  (b) Rank = 3, nullity = 2

(¢) Rank=n+1,nullity =n

L X33 x4 x5, x5, ..,x") 13, (a) 2 ®) 1 ©2 @3

@2 ®MI ©-13 @-8 ()0 3 @3 @56

. J3 0 2 0
®2 7 (a) [ 0 ﬁ] ®) [0 \/5]
(a) No. Axiom 4 fails. (b) No. Axioms 2 and 3 fail.
(©) Yes (d) No. Axiom 4 fails.
@32 ®35 @©3/13 13. @74 @®O0
@ V105 ) V47 17 (@) V2 V6 VIO () 26
{0, v) = fmvi +w,v, ' :
No for Py, since p = x (x — 1) (x — 1) satisfies (p, p) =0
@ -2 ® 0 34. a=1/25 b=1/16

(@) Yes M No .(c0) Yes (d) No @ No (f) Yes

L @W- ®m-F ©0 @2 ©O-% O

(a) Orthogonal (b) Orthogonal (¢) Orthogonal (d) Not orthogonal
:t-s%(—34. 44, -6, 11) '
@ x=t, y=-2t, z=-3t (b) 2x—-5y+4z=0 ©x—-z=0

[

(@ (16,19,1) (@) (0,1,0), (4,0,1) © (-1,-1,1,0), (3,-%,0,1)
@ (-1,-1,1,0,0), (-2,-1,0,1,0), (-1,-2,0,0,1)

(u,v) = 1wy, + jupv,

(a) Theliney = —x. (b) The xz-plane (c) The x-axis

(a) False (b) True (©) True (d) False

@ @®.@ 3 OGO 5 @



