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Preface

This Study and Solutions Guide is designed as a supplement to Calculus, Seventh Edition, by Ron
Larson, Robert P. Hostetler, and Bruce H. Edwards. All references to chapters, theorems, and
exercises relate to the main text. Solutions to every odd-numbered exercise in the text are given
with all essential algebraic steps included. Although this supplement is not a substitute for good
study habits, it can be valuable when incorporated into a well-planned course of study. For
suggestions that may assist you in the use of this text, your lecture notes, and this Guide, please
refer to the student web site for your text at college. hmco.com.

I have made every effort to see that the solutions are correct. However, I would appreciate
hearing about any errors or other suggestions for improvement. Good luck with your study of
calculus.

Bruce H. Edwards
University of Florida
Gainesville, Florida 32611
(be@math.ufl.edu)
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CHAPTER 10
Vectors and the Geometry of Space

Section 10.1 Vectors in the Plane

Solutions to Odd-Numbered Exercises

L@v=(¢-13-1)=(4,2) J.@v=(-4-3-2-(-2)=(-7,0)
® ®) y

44

24
=7,0)

8 -6 -4 -2

v

4,2)

-2

[ N " I Y
T h Iy ! 1
+ t t t 1

=4

50u=(5-3,6-2)=(2,4) 7.u=(6-0,—-2—3)=(6,-5)
v=(1-(-1),8-4)=(2,4) v=(9-3,5-10) = (6, —5)
u=y u=yv
9. ®) v=(5-1,5-2)=(4,3) 11. ®) v=(6 — 10, -1 — 2) = (—4,-3)
(a) and (c). y (a) and (¢). ¥
6.5 6.
i T (10,2)
“.3) 1
o1 -4 g 2 10 *
1424 el 7
-
13. () v = (6 — 6,6 — 2) = (0, 4) 15. () v = (} 3)
(a) and (¢). y (a) and (c).
6: (6,6
Ao
v
| 6.2) x
s
17. (a) 2v = (4, 6) (b) —3v=(—6,-9)
y : J
_t 4-t— 2,3)
61 4, 6) r
- s i I 4 1 vI 1
Al v Tk 4 e
T 2.3) -3/,
24 y
4 lV llllll _g4
I S S S 6-9 T
—CONTINUED—
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Section 10.1 Vectors in the Plane

17. —CONTINUED—
© Iv=(1.%)

19. y

23. (@) 3u=7%4,9) = (36)

®) v-u=1(2-5)—(4,9) =(-2,—14)

(c) 2u + 5v =2(4,9) + 5(2, —5) = (18, - 7)

27. v=(2i — j) + 2(i + 2j)
=4i+3j=(4,3)

¥

v=u+2w

1 2w

@ 3v=(3.2)

_2+
3L |v|=V16+9=5

37. vl = vV + 122 = /153
v=_u_=(3,12)_< 3 12 >

o] /153 V153’ /153
=<Jﬁ 4\/17> M
17 s 17 unit vector

3 23
3 v
(52
1+ /2
EV
I T T
21, y
I
ha N
u-v
25. v =3Qi—j) =3i-3j
2
- (5.3
b2
1+ v=gu
~_:
y
3
-2 2“
-t
29. u, —4=-1
u, — 2=
U, =
u, =
* 2=0(,5)

33. v = V36 + 25 = /61

35 |v|=JOo+16=4

. Jul = /(2) + (3) = L

v

_u (G (5/2)>=< 3 s >

] V34/2 V34 /34
= <% 5‘;13_4> unit vector



4  Chapter 10 Vectors and the Geometry of Space

41 o] =<1, —1),v=(-1,2)

@ o = VT+1=2
® vl=vi+4=15
© u+v=(0,1)
la+v|=+v0+1=1
d 1,
© QT EeY
u
— =1
[l
v 1
= —(=1,2
© M- ECNY
A\
— I =1
[Ivll
utv
f =0, 1
utvi|f _ 1
flu + v
45. u=(21)
]l = /5 = 2236
v={(54)
vl = V41 =~ 6.403
u+v=(775)

o + v|| = /74 = 8.602

[l + il < Jull + [Iv]

49. ﬁ=%/_—(\/‘3)
) - 55
(1,v3)

53. v = 2[(cos 150°)i + (sin 150°)j]
=-VBi+j=(-31)

47.

51. v = 3[(cos 0°)i + (sin 0°)j] = 3i =

(a) |l =

® vl = v4+9=

u
ol
© =

X
(]

u+v
[l + v

®

o +

.
ua

=1

utyv

v
vl

(2 3)

1
(l) 2421, 1)
v =(2v2,2V2)

2

-7t

= |

3

2
2

u=1
_3V2. 32,
2 2
u+v=<2+23ﬁ>i+3‘2/§‘

(3,0)



Section 10.1 Vectors in the Plane 5

57. u = 2(cos 4)i + 2(sin 4)j 59. A scalar is a real number. A vector is represented by a
. <~ directed line segment. A vector has both length and
v = (cos 2)i + (sin 2)j direstion.

u+v=(2cos4 + cos2)i + (2sin 4 + sin 2)j

61. To normalize v, you find a unit vector u in the direction of v:

u=-
(vl

For Exercises 63-67, au + bw = a(i + 2j) + b(i — j) = (a + b)i + (2a - b)j.

63. v = 2i + j. Therefore,a + b=2,2a — b= 1. Solving 65. v = 3i. Therefore,a + b= 3,2a — b = 0. Solving
simultaneously, we havea = 1, b = 1, simultaneously, we havea = 1, b = 2.

67. v =i + j. Therefore, a + b

=1,2a — b = 1. Solving
simultaneously, we have a = 2, b =

1
3
69. y=x3y =3x2=3atx=1. 71. f(x) = /25 — x2

(@ m = 3. Letw = (1, 3), then —Xx

; -3
fx) '—“———,—25 —= =—4-atx= 3.

(@ m= —3. Letw = (—4, 3), then

w

1
M = iﬁ(l,@.
(b) m = —}.Letw = (3, —1), then

w _ 1,
w _ .L(:; 0 WW—”_15<. 4, 3).
Wl ~ 10~
(b) m =% Letw = (3, 4), then
w __.1
m—15(3,4)

_ B, . /3,
-—21+2J

73. u 75. Programs will vary.
u+vs= \/ij
v=(u+v)—u=——‘§2i+—‘§—2_-j

77. |[Fy| = 2, 6, = 33°
IF,l = 3, 65, = —125°
IFy| = 2.5, 6, = 110°
IRl = [, + F, + Fy| ~ 1.33
Or = Op, +5,+5, =~ 132.5°

79. (a) 180(cos 30i + sin 30§) + 275i = 430.88i + 90j () M= /(275 + 180 cos )% + (180 sin 6)2

180 sin 6 ]
275 + 180 cos 6

Direction: a = arctan( ) = 0.206( = 11.8°) a= arctan[

430.88
Magnitude: /430.882 + 902 = 440.18 newtons

—CONTINUED—



6 Chapter 10 Vectors and the Geometry of Space

79. —CONTINUED—
©

0 0° 30° 60° 90° 120° 150° |180°

M | 455 | 440.2 | 396.9 | 328.7 | 241.9 | 149.3 | 95
a 0° 11.8° | 23.1° | 33.2° | 40.1° | 37.1° | O

(d) s» 50 (e) M decreases because the forces change from acting in
the same direction to acting in the opposite direction
\ @ as 6 increases from 0° to 180°.
0 o 180 [} S 180

81. F, + F, + F; = (75 cos 30°i + 75 sin 30%) + (100 cos 45° + 100 sin 45°j) + (125 cos 120° + 125 sin 120°j)

=<Eﬁ+50f—~1§)i+(15+50ﬁ+12—5 3)3‘
2 2 2 2

[R|| = |IF, + F, + F;| ~228.51b

Or = Op +p 5, =~ 71.3°

83. (a) The forces act along the same direction. 6 = 0°. (b) The forces cancel out each other. § = 180°.

(c) No, the magnitude of the resultant can not be greater
than the sum.

85. (—4,-1),(6,5),(10,3)

y Y
81 8+
er B e T 8, 4
’ 26,1 2-—-&' (10,3
f—t - £ : e B et
-4 —2_2__ 2 4 6 8 ~2_2—_ a3 1)4 6 8 10
44+ =#
87. u=Ch = [all(cos 30°i + sin 30° j) y

—9
v = CA = ||v||(cos 130°i + sin 130° j) 250 | 1300 300 5

Vertical components: |[u]| sin 30° + ||v|| sin 130° = 2000 Y "

Horizontal components: |ju] cos 30° + ||v|| cos 130° = 0

Solving this system, you obtain

lal| = 1305.5 and ||v|| = 1758.8.

89. Horizontal component = |[v| cos § = 1200 cos 6° =~ 1193.43 ft/sec
Vertical component = ||v|| sin & = 1200 sin 6° =~ 125.43 ft/sec



Section 10.2 Space Coordinates and Vectors in Space 7

91. u = 900[cos 148°i + sin 148° j]
100[cos 45°i + sin 45° j]

v =
u + v = [900 cos 148° + 100 cos 45°]i + [900 sin 148° + 100 sin 45°]
=~ —692.531 + 547.64 j
547.64 . .
6~ arctan(_—dﬁ) =~ —38.34°. 38.34° North of West.

lu + vl = V(—692.53)2 + (547.64)% ~ 882.9 km/hr.

93. F, +F,+F, =0
—3600j + T,(cos 35°%i — sin 35°) + T;(cos 92°i + sin 92%) = 0
T,c0s35° + T,c0s92° = 0
—T,cos 35° + T, sin 92° = 3600

_ 2° 20
T, = RS | T300897" 350 4 7, sin 92° = 3600 and T3(0.97495) = 3600 => T, ~ 3692.48
cos 35 cos 35

Finally, T, = 157.32

95. Let the triangle have vertices at (0, 0), (a, 0), and (b, c). 2
Let u be the vector joining (0, 0) and (b, ¢), as indicated
in the figure. Then v, the vector joining the midpoints, is )
at+tb a\.  c, \(Mb,s)
= Y 5 2
v ( 2 2)1 + 2 J u /\ 2
b, c. _ l % o l ‘e >
=l + 2= 2(bl +cj) = ke ©,0) (%,0) (@0)

97. w = |julv + ||v|ju
= lul{iv] cos 6,1 + vl sin 6,3 + [vI[Ju] cos 6,1 + [l sin 6,3] = il Iv}[(cos 6, + cos )i + (sin 6, + sin 6,)j]

_ 6, + ov) (9.. - 9v). . (0.. + 0v) (9.. - ov)j]
= 2|u]| |Iv]| [cos( ) cos\ =7 Ji + sin{ = cos|\ =

_ sin(o" ; GV) cos(o" ; 0V) ) (0“ i ov)
B 2

tan 6, ~ -
COS(O“ ) 0\!) COS(BH D) ov)

Thus, 6, = (6, + 6,)/2 and w bisects the angle between u and v.

99. True 101. True 103. False
lai + bjl| = /2|a]

Section 10.2  Space Coordinates and Vectors in Space




8  Chapter 10 Vectors and the Geometry of Space

5. A(2,3,4) 7.x=-3,y=4,2=15: (-3,4,5) 9. y=z=0,x=10: (10,0,0)

B(—1,-2,2)

11. The z-coordinate is O. 13. The point is 6 units above the xy-plane.

15. The point is on the plane parallel to the yz-plane that 17. The point is to the left of the xz-plane.

passes through x = 4.

21. The point (x, y, z) is 3 units below the xy-plane, and below
either quadrant I or III.

19. The point is on or between the planes y = 3and y = —3.

23. The point could be above the xy-plane and thus above quadrants II or IV,
or below the xy-plane, and thus below quadrants I or III.

25.d=J/G5-0F+ (2 —02+ (6002
=/25+4 + 36 = /65

27.d= V6 =12+ (m2 - (—2)2 + (-2 — 4)2
= /25 0 + 36 = /61

29. A(0,0,0), B(2,2,1), C(2, —4,4) 31. A(1, -3, -2),B(5, -1,2),C(-1,1,2)

33.

37.

41.

|AB| = V4 +4+1=3
|AC| = V4 +16 + 16 =6
|BC| = JO+36+9=3.5
|BC|? = |AB|* + |AC|?
Right triangle

The z-coordinate is changed by 5 units:

0,0,5),(2,2,6), (2, —4,9)

Center: (0,2, 5)

Radius: 2

(= 0P+ =2+ -5 =4
X+y2+22—4y—-10z+25=0

+yP+22-2x+6y+8+1=0

|AB| = /16 + 4 + 16 = 6
|AC| = V4+16+16=6
|BC| = /36 + 4 + 0 = 2./10

Since |AB| = |AC|, the triangle is isosceles.

38, (5 + (—2), -9 + 3’7 + 3) _ (g _3’5)

2 2 2 2.

(2,0,0) + (0,6,0) _

39, Center: ————>——=(1,3,0)

2
Radius: /10

- P+~ +z—0F=10
Rt+yr+2-2x—6y=0

-—2x+1)+(P+6y+9)+(2+8+16)=—-1+1+9+16

G—12+@+3)02+E+42=25

Center: (1, -3, —4)
Radius: 5
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43 W2 +92+922—6x+ 18y +1=0 45. > +y> + 2 < 36

Solid ball of radius 6 centered at origin.

x2+y2+zz—§x+2y+$=0

(x2—§x+%)+(yz+2y+l)+zz=—%+é+l

( —é—)z+(y+l)2+(z—0)2=l

1
Center: <3, 1,0)

Radius: 1
47. (a) v=(2—4)i+(4—2)j+(3—— Dk 49. (a) v=(0—3)i+(3—3)j+(3—0)k
==2i+2j+2k=1(-2,22) ==3i+3k =(-3,0,3)
®) ®

51. (4-3,1-2,6-0)=(1,-1,6) 53.(=5-(-4),3-3,0-1)=(-1,0,-1)
K1, —=1,6)| = VT+1+ 36 =38 K=1,0,-1)|=VT+1=2
. _(1,——1,6)=< 1 -1 6 > : .<—1 —1>
Unit vector: 738 738 3% /5 Unit vector: E, O,ﬁ
5. v=0CB+1i+B-2j+@-3)k 57. (41,92 95) — (0,6,2) = (3, -5, 6)
=4i+j+k=(411) 0=(3,1,8)

(a) and (c).

b) —v=(-1,-2,-2)

—CONTINUED—



10  Chapter 10 Vectors and the Geometry of Space

59, —CONTINUED—
©3v=_333) (d) ov = (0,0, 0)

6l. z=u-v={(1,23)—-(2,2,-1)=(-10,4)
63. Zz=2u+4v—w= (29476) + <8)81 _4> - (4v09 _4>=<6v 12"6)

65. 2z — 3u = 2(z,, 25, z3) — 3(1,2,3) = (4,0, —4) 67. (a) and (b) are parallel since (—6, —4, 10) = —2(3, 2, —5)
4 _ 10\ _ 2 -
2Z1 —3=4 = z =% and(273v 3) 3(3929 5>
2Z2_6=0= Zz=3

223_9=“4=>Z3=%

z=(}.3,3)
69. z= —3i+4j + 2k 71. PO, —2, —5), Q(3,4,4),R(2,2,1)
(a) is parallel since —6i + 8j + 4k = 2z. PO = (3,6,9)
PR = (2,4,6)
(3,6,9) = 3(2,4,6)
Therefore, 7'@ and PR are parallel. The points are
collinear.
73. P(1,2,4), 0(2,5,0), R0, 1,5) 75. A(2,9, 1), B(3, 11, 4), C(0, 10, 2), D(1, 12, 5)
PQ = (1,3, —4) 4B =(1,2,3)
PR =(-1,-1,1) TD = (1,2,3)
Since -Fé and PR are not parallel, the points are not aC = (-2,1,1)
collinear. BD = (-2,1,1)
Since AB = CD and AC = BD, the given points form the
vertices of a parallelogram.
77. V| =0 79. v={(1,-2,-3) 81. v=¢(0,3,-5)
Wl =+v1+4+9=/14 Ml = V0 +9 + 25 = /34
83. u=(2,-1,2) 85. u=(3,2 -5 87. Programs will vary.
ol =v4+1+4=3 ol = V9 + 4 +25=./38
u 1 u 1
@ =72 -12) a) — = ——=(3,2, -5
E @ = A >2 Y
u 1 u 1
(b T __<25 _17 2) - s T T = 3; 27 -5
) Tl T 73 ® = "2
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Space Coordinates and Vectors in Space

89. cv= (22 —c)
levll = VacT+ 4+ c2=5
9¢? = 25
c= i§
3

95. v = 2[cos(£30°)j + sin(+30°)k]
= V3jtk=(0,3 1)

(©ai+(a+b)j+bk=1i+2j+k
a=1b=1

w=u-+yv

101 d = V(x, = x)* + (0, — 92 + &, — 2,2

10S. (a) The height of the right triangle is # = /L2 — 182,

The vector PQ is given by
PO = (0, — 18, k).
The tension vector T in each wire is

T = (0, —18, h) where ch = 23—4 = 8.

Hence, T = %(O, —18, h) and

7= = VIR =—8—18

L2_

® 20 25 30 35 40 45

50

18.4 11.5 10 | 93 | 9.0 | 8.7

8.6

—CONTINUED—

u 1 1
91. v=10— = 10<0, —, —>
[ul ST 3

o)

v=(-3,-63)
Iv=1(-2-4,2)
(4,3,0) + (-2,-4,2) = (2, -1,2)

G w=au+bv=ai+ (a+b)j+bk=0
a=0,a+b=0,b=0
Thus, a and b are both zero.

() ai + (a + b)j + bk =i + 2§ + 3k
a=l,a+b=2,b=3
Not possible

103. Two nonzero vectors u and v are parallel if u = cv
for some scalar c.

0q0.0.5

T+ (- 18 = 8L
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105. —CONTINUED—

107. Let a be the angle between v and the coordinate axes.

v = (cos a)i + (cos a)j + (cos o)k

(©) gL=18
IVl = V3cosa =1
= osan L3
- = 5
0 L 100

x = 18 is a vertical asymptote and y = 8 is a
horizontal asymptote.

; 8L
lim ——— =
L—18* /12 — 182

@

lim — e = lim ————— =8
Lo JIZ— 182 Loee /1 - (18/L)?

(e) From the table, T = 10 implies L = 30 inches.

109. AB = (0, 70, 115), F, = C,(0, 70, 115)
AC = (—60,0, 115), F, = C,(—60, 0, 115)
AD = (45, —65, 115), F, = C;(45, —65, 115)
F =F, + F, + F, = (0, 0, 500)

Thus:
—60C, +45C; = 0
70C, - 65C; = 0
115(C, + C,+ Cj) =500
Solving this system yields C; = %, C,= 22'%, and C; = -—-‘6%2. Thus:
|F,l| = 202.919N
[F,| = 157.909N
[Fy|| =~ 226.521N

111. d(AP) = 2d(BP)
VE+ G+ +z-1)2=2J/G-1>+(—2>2+22
Ry +2+2—22+2=402+y+22-2x—4y+5)

0=3x2+3y>+322—8x— 18y + 2z + 18

16 1 8 16 2 1
-6+ — + 4+ - = 2 s it 7 S 2 = &
6 9 9 5 (x 3x+9)+(y 6y+9)+(z +3z+9)
44 4\? 1\2
s U . — 3)2 )
9 <x 3) + @O -3) +(z+3)
Sphere; center: (g-, 3, —%), radius: 2 311



