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O = angle between v and {
B = angle between v and j
Y = angle between v and k

V=20 + 3j + 4k

2 4

P

Direction Angles of v

FIGURE 14.12

EXERCISES for Section 14.1

EXAMPLE 10 Finding direction angles

Find the direction cosines and angles for the ve

ctory = 2 +

show that cos? a + cos? 8 + cog2 y=1.
SOLUTION
Since ||v] = V22 + 32 + 42 = V29, we have

cosa=L=_2_ [ > a=68.2°

vl V29
=2 3 ~ 56.1°
P T Ve B
4

V3 ~ o
=== _"_ v = 42.0°,
YN T Ve &=
Furthermore, the sum of the Squares of the direction cosines g

4 9 16 29
cos? @ + cos2 B+ cos2 y = — 4 2 =

29729 9 5=
(See Figure 14 12.)

In Exercises 1-4, plot the points on the same three-

dimensional coordinate system.

1. @ (2,1,3) (b) (-1,2,1)
3 ,

” - = 4, =2 g0
“ @ 6,29 ® <2 ) In Exercises 1114, find the general form of
3. G5, -2,2 ®) 6, -2, -2) tion of the sphere.

4. (@ (0, 4, -5) (®) 4,0,5) _

11. Center (0, 2, 5), radius 2

In Exercises 5-8, find the lengths of the sides of the 12. Center 4, -1, 1), radius 5

triangle with the indicated vertices, and determine
gle is a right triangle, an isosceles tri-

whether the trian
angle, or neither.

5. (0,0, 0), (2, 2, 1), (2, -4, 4
6. (5,3,4),(7,1,3), 3, 5, 3)

7. (1, =3, ~2), (5, —1, 2),(-1,1,2

8. (5,0,0), (0, 2,0, (0, 0, —3)

In Exercises 9 and 10, fin

d the coordinates of the mid- 17.
point of the line segment joining the given points.

9. (5, -9, 7) and (=2,3,3)
10. (4, 0, —6) and (8, 8, 20)

ra
In Exercises 15-18, find the center and

Sphere.

=0
15.x2+y2+zz—2x+6y+82+19:0

16. x2 + y2 4 22 4 95 — 2y + 10z + 1

+
18. 4x2 4 4y + 472 — 4x - 32y + &2

d 0,
13. Endpoints of a diameter are (2, 0, 0) 2’; dinte !
14. Center (-2, 1, 1), tangent to the xy-C

=0
9.7c2+9y2+922—6x+18)’+1

1

y



s 9-22, (a) find the component form of the
Iﬂa‘eman ) sketch the vector with its initial point
v

20.

22,

o =B

i Bxercises 23 and 24, the initizi v tarminal points

i a vector v are given. (a) Skatcr *he directed line
sgment, (b) find the component {x:7. =" the vector, and
0 sketch the vector with its initi-: =t at the origin.

B, lital point (~1, 2, 3), terminat point (3, 3, 4)
U, Tnitial point (2, —1, —2), terminal point (=4, 3, 7)

LfflExercises 25 and 26, sketch each scalar multiple
y.

B. v= (1, 2’ 2>
@ 2v ®) —v
3
: © 3v d) Ov
(V)t 2, -2, 1)
) -
L () 2v
(0) -
£ @ 3v
n Erero:
rc
"§(1,2lszs‘) 27-32, find the indicated vector, given
. 2hV=(2,2 —1), and w = (4, 0, —4).
~y
B, , 28. u — v + 2w
3 Ty - w 1
I 30. 5Su — 3v — 7w

iR/

'z, w
Where 04y —

w+3z=0
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In Exercises 3336, determine which of the vectors are

parallel to z.
33.z= (3,2, -5)
(@) (-6, —4, 10)

(c) €6, 4, 10)
27 13 _

G, 10
(b) <2’§’ 3
> @) (1, —4, 2)

1
34 = —f — — =
2=l mglihgk
i Wit 4. 3
(@) 6i — 4j + 9k (b)—i+§_|—§k
(c) 12i + 9k d %i—j+%k

35. z has initial point (1, —1, 3) and terminal point
(-2,3,5)
(a) —6i + 8j + 4k ®) 4j + 2k

36. z has initial point (3, 2, —1) and terminal point
(-1, -3,5)
(a) (0,5, —6) ®) (8, 10, —12)

In Exercises 37—40, use vectors to determine whether

the given points lie on a straight line.

37. (0, -2, =5),(3,4,4),(2,2, 1)
38. (1, -1, 5), (0, —1,6), (3, —1,3)
39. (1,2,4),(2,5,0,(0,1,5)

40. (0,0, 0), (1,3, =2), (2, =6, 4)

In Exercises 41 and 42, use vectors to show that the
given points form the vertices of a parallelogram.

41. (2,9, 1), (3,11, 4), (0, 10, 2), (1, 12, 5)
42.(1,1,-3),0,-1,2,01,2,1),3,4, -4

In Exercises 43 and 44, the vector v and its initial point
are given. Find the terminal point.

43. v = (3, —5, 6), initial point (0, 6, 2)
1 1\ . .. . 2
4. v= <0, 3 —§>, initial point (3, 0, 5)

In Exercises 45—50, find the magnitude of v.

45. v = (0, 0, 0) 46. v = (1,0, 3)

47. vhas(1, —3,4)and (1,0, —1) as its initial and terminal
points, respectively.

48. vhas (0, —1,0)and (1, 2, —2) as its initial and terminal
points, respectively.

49. v=1i-2j— 3k 50. v=—4i+ 3j + 7k

In Exercises 51—54, find a unit vector (a) in the direc-

tion of u and (b) in the direction opposite that of u.

51. u= (2, —1,2) 52. u = (6, 0, 8)
53. u = (3,2, —5) 54. u = (8, 0, 0)



In Exerci;es 55-58, determine the values of ¢ that sat-
Isfy the given equation. Let y = i+2j+3kandv =
2i +2j — k.

S5, |lcu|| =1

56. flcv|| = 1
57- "CV" =

5 58. |lcu|| = 3

lp Exercisg,s 59-62, use vectors to find the point that
lies two-thirds of the way from P to 0.

59. P = (4, 3, 0),0=q, -3, 3)

60. P = (-2, 1,6),0=g¢,1, 4)

61. P = (1, 2, 5), 0 = (6,8, 2)

62. P = (-9, —8,5), 0 = (12, 3, -1

In Exercises 63 and 64, write the component form of v
and sketch it.

63. v lies in the yz-plane, has magnitude 2, and makes an
angle of 30° with the positive y-axis.

64. v lies in the xz-plane, has magnitude 5, and makes an
angle of 45° with the positive z-axis.

In Exercises 65 and 66, find (a) u - v, (b) u - u, (c) |ul?,
(d) (- v)v, and (e) u - Q2v).

65. u=2i—j+k,v=i—k
66.u=2i+j—2k,v=i—3j+2k

In Exercises 67—70, find the angle 6 between the given
vectors.

67. u=(,1,1),v=(2,1, —1)
68. u =2i+3j +k,v=-3i + 2j
69. u = 3i + 4j, v = —2j + 3k
70. u=2i-3j+k,v=i-2j+k

In Exercises 71—74, determine whether u and v are
orthogonal, parallel, or neither.

Tu=j+6kv=i-2j—k
72.u=—2i+3j—k,v=2i+j—k
73. u (2, —3, l),v=(—l’—1’ _l)
74. u = (cos 6, sin 6, —1)

v = (sin 6, —cos 6, 0)

In Exerci_ses 75-80, (a) find the 1, .
and (b) find the vector comp 0nen?rolection
0

f ofy

! 0rth°80n:Intt° )
S.u=01,2),v=( 3 " M
76. u =(0,4,1),y = (, 2, 3)
7. u=(1,1, ), v= (=2, <) 1
78.ou=(-2-11),y= 1 1;
7. u=(5-4,3) vy~ 0, 0)
80. u = (5, 4,3),V—(0 1, 0)

In Exercises 81-84, find the direct;

demonstrate that the Sum of the squarr;sc g?it';]% O u g0
€ diregy,
0

cosines is 1.

81. w =i+ 2j + 2k 8. u<y_ .

83. u = (0, 6, —4) 34_1,:(“;1;&
* Yy c

8s. Letu=i+j,v=j+k
(a) Sketch u and v.
(b) If w = 0, show that ¢

’andw=““+by_

and b muyg; both pe

(¢) Find a and b such that w = j 4 2 +k Zerg,
(d) Show that no choice of a and Yields' '
2j + 3k. s B

86. The initial and terminal points of the vector y
&1, y15 7)) and (x, y, z), respectively. Descriy [hem
of all points (x, y, z) such that v = 4. “

87. Find the component form of the unit vectgy y Tepr.
senting the diagonal of the cube (see figure),

Hvll =1 FIGURE FOR 87

88. The guy wire to a 100-foot tower has a tension of 550
pounds. Using the distances shown in the accomp:
nying figure, write the component form of the veclt
F representing the tension in the wire.

FIGURE FOR 88




Therefore, the volume is

V = (height)(area of base) = ||projyxwall [V X wi|

u-(vXw
wosowt |1

=|u-(vX w)|.

EXAMPLE 5 Volume by the triple scalar product

Find the volume of the parallelepiped having u = 3i—5§+ Kk V= 2 —

2k, and w = 3i + j + k as adjacent edges.

SOLUTION
By Theorem 14.4, we have
3 -5 1
y=lu-(wxwl=[0 2 72 = 36.
3 1 1 =

corem 14.4 is that the volume of the par-

4 natural consequence of Th
are coplanar. This gives us

alleiepiped 1s Zero if and only if the three vectors
the following test.

5. If the vectors u = {uy, Uz, uy), v =

Test for Coplanar Vector
ws) have the same initial point, then they lie

vy, V2s vy), and W = (wy, Wa,
in the same plane if and only if
Uy Uy Us

ur(vXWwW={n V2 vy | = 0.

wyp Wy W3

EXERCISES for Section 14.2

In Exerci
ses 1-6. fi ,
es 1-6, find the cross product of the given In Exercises 7—14, find u X v and show that it is orthog

Unit vectors a
nd
o sketch your result. onal to both u and v.
! i
Lixk i. lk>:<-‘ T.u={,-3,1),v={,-2,1
. j 8. u=(-1,1,2),v=1{0,1,0

Sixk
6. k X i
i 9. u=(12, -3,0),v=¢(-2,5,0)




10. u = (-10, 0, 6), v = (7, 0, 0)
lmu=i+j+kv=2i+j-k
12.u=j+6kv=i-2+k

% 5 1 3 1
l3.l.l=—'3l+2—5k, = —f = =% Mt

i1 v 21 4.]+10k
2 1

l4.u=§k,v=—i+6k

N

In Exercises 15—18, find the area of the parallelogram
that has the given vectors as adjacent sides.

15.u=j,v=j+k

16, u=i+j+kv=j+k

17. (3,2, -1),v =1, 2,3)
18. u=(2, -1,0),v = (-1, 2, 0)

]
I

In Exercises 19 and 20, find the area of the parallelo-
gram with the given vertices.

19. (1,1, 1), (2,3, 4),,5,2),(7,7,5)
20. (2, -1, 1),(5,1,4),(0,1, 1), (3, 3, 4

In Exercises 21—24, find the area of the triangle with
the given vertices. (|lu X vl is the area of the triangle
having u and v as adjacent sides.)

21. (0,0, 0), (1, 2, 3), (-3, 0, 0)
22. (2, -3,4),(0,1,2),(-1,2,0
23. (1, 3,5), (3,3,0), (-2, 0,5)
24. (1,2,0), (-2, 1, 0), (0, 0, 0)

In Exercises 25—28, find u - (v x w).

25. u=i,v=j,w=k

26. u=(1,1,1),v=(2,1,0), w={0.0,1)
27. u=(2,0,1),v=40,3,0),w=0,0, 1
28. u=(2,0,00,v=(1,1,1), w=(0,2, 2

In Exercises 29 and 30, use the triple scalar product to
find the volume of the parallelepiped having adjacent
edges u, v, and w.

2. u=i+jv=j+k,w=i+k
(See figure.)

30. u=<(1,3,1),v=140,5,5),w=(4,04)
(See figure.)

\é | oy
470
1

|
L
i

1 X

FIGURE FOR 29 FIGURE FOR 30

[N}

31. Find the volume of the arallgja:
vertices (0, 0, 0), (3, 0, o) Pipeq (seg g,
2,0,5).5,0,5), 2,5, % 5.1, s,
32. A force of 60 pounds aetg ol & 5.6 " M
in the figure. © Pipe
(@ Find the magnitude of gy, g,

; == Mom,
evaluating || OA x F||, (The regy, :’1;] by
ille, , U2,

of 6.) '
(b) Use the result of part (@10 et g,
of the moment whep g < 450."!1111: the e,

(¢) Use the result of part (a) tg 4 R

when the magnitude of the mo m.e the )
Is the answer what YOu expectes Whls maxjm;.’
] y or Why 11

y

FIGURE FOR 31

33. A child applies the brakes on a bjc
downward force of 20 pounds on
crank makes a 40° angle with the horizontal (see figue
Find the torque at P if the crank is 6 inches g

34. Both the magnitude and direction of the force op ,
crankshaft change as the crankshaft rotates, Find ¢
torque on the crankshaft using the position and g,
shown in the accompanying figure.

FIGURE r -

ycle by app]mg !
t.he pcda_[ whtll e

FIGURE FOR 33 FIGURE FOR 34

In Exercises 35—43, prove the property of the €%
product.

3.uX(vV+w=@@mxvVv)+@uxw
36. (cu) X v=c(uXv
37.uXx0=0xu=0
3. uxXu=0
39.u-(vXw=@XV)W
40. u X v is orthogonal to both u and ¥ Jar P
41. u X v = 0 if and only if u and v are ¢

of each other. ol
a2. |lu x v|| = [[ull|Iv] if u and v are 01"
3. ux(vxw=-wWv- u- V)V
44. Prove Theorem 14.3.
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Point £ where @ is the angle between u and PQ. By Theorep, ™
w
lul 1701l sin 6 = lu x PO| = 5D x w), Chay
Consequently,
—_— Y x
D = |PQ] sin 6 = 1PC X ul

Distance Between a Point and a Line " "

FIGURE 14.30 \

EXAMPLE 7 Finding the distance between a point ang g line

Find the distance between the point @ = (3, —1, 4) gy 4, lne
€ givey
x=-2+3t, y=-2t, and z=]4y o

SOLUTION

Using the direction numbers 3, —2, and 4, we find the directiop v,
the line to be eetor .

u=(3, -2, 4. Direction vector for line
To find a point on the line, we let # = 0 and obtain
P=(-2,0,1). Point on the line

Thus,
PO =3 ~(=2),-1-0,4—1)=(5, —1,3)
and we o he cross product
ik
( ~1 3| =2i-11j — 7k = 2, —11, 7).
3 -2 4

Finally, using Theorem 14.8, we find the distance to be

p - 1PQ xu| _ V174 _ e
[l V29 '
EXERCISES for Section 14.3 L
1. The figure shows the line given by

x=1+3t, y=2-—1¢ and z=2+ 5¢.

(a) Draw an arrow on the line to indicate its orientation.

(b) Find the coordinates of two points P and Q on the ——
line. Determine the vector PQ. What is the rela- \ R |
tionship of the components of the vector with the

? v
coefficients of ¢ in the parametric equations? Why (R ?
is this true? FIGURE

(c) Determine the coordinates of the point where the d

line intersects the xz-plane. FIGURE FOR 1
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” figure shows the line given by
%

14. The line 1
Y o v =2,
e

il z=1=y @,2, -2),

passes through the points (2, 0, —3) and

Draw an aIToW on the line to indicate jts orie

g Ntation (@ 4,1, -2) (b) (é’ l’ _141)
@ Find the coordinates of two Points P and Q op g, 5 © i P, 02 _22 w
() i Determine the vector PQ. What is the rela. » =3, —4) ) (0, -2,

ﬁonshiP of the components of the vector with the
ocfficients of ¢ in the parametric €quations? Why
i this true? .
Determine the coordinates of the point where the
c

In Exercises 15—
sect, and if so,
cosine of the an

18, determine whether the lines inter-

find the point of intersection and the
gle of intersection.

15. x=4r 49 =
line intersects the xy-plane. y=3 ; - 2 I §
) Does the line intersect the xz-coordinate plane? z=—t+1 z=gs+ 1
Explain why or why not. 16. x = -3¢ + 1 x=35s+1
y=4r+1 y=2s+4
rercises 3-8, find a set of (a) parametric equations 2=2t+4 z2=-=s+1
Ind(b)symmetric equations of the line through the point 17. X-Y-2_ z+1
3:d parallel to the specified vector or line. (For each 3 -1
;ne express the direction numbers as integers.) *x—1_ y+2="1 +3
1 4 T _3
Point___ Parallel to 18 = 2 = 5
. = =z -
0 v=(1,2,3) =3 G
10,00 5 xX—3 +5_z+2
4u (0, 0’ 0) b <_2, 5’ 1> 2 B y B 4

:. E—; 8 g; v= él I ‘31.1 — 2k In Exercises 19—32, find the equation of the specified
W T4, Uy vV =01 J
1.(,0,1) x=3+3 Plane. _
y=5—2; 19. The plane passes through the point (2, 1, 2) and has
z=—7+1 normal vector n = i.
x—1 y+ 20. The plane passes through the point (1, 0, —3) and has
8.(=3,5,4) g = s z—j normal vector n = k.

lnExercises 9and 10, find a set of (a) parametric equa-

21.

The plane passes through the point (3, 2, 2) and has
normal vector n = 2i + 3j — k.

s and (b) symmetric equations of the line through 22. The pl:;lzlpasses;hﬂl?ugh'the tl:"im G, 2, 2) and is
% two points. (For each line, express the direction perpendicular to the line given by
Mmbers ag integers.) x—1 z+ 3
4 ¥ EET_
9. (5 -3 __2 2 2 i
P4 ), T3 5’1 23. The plane passes through the points (0, 0, 0),

00,1, 1,3, Oy

(1, 2, 3), and (-2, 3, 3).

| 24. The plane passes through the points (1, 2, —3),

"Bercises 17 . . (2,3, 1), and (0, =2, —1).

' and 12, find a set of parametric equa- N :

g of the line. P q 25. '(I.;’hc2 p}z)mean gazssels th;mgh the points (1, 2, 3),

11| A ’ ’ ’ - ’ - b . . .
The lipe Passes through the point (2, 3, 4) and is parallel 26. The plane passes through the point (1, 2, 3) and is

By ® %z-plane and the yz-plane. parallel to the yz-plane. . -
s l_lne Passes through the point (2, 3, 4) and is per- 27. The plane passes through the point (1, 2, 3) and s

ndlClllar to the ’

Plane given by 3x + 2y — z = 6.
N

. Aere|

fo . Cises

oy the Iin13 and 14

el » determine which of the points
i} T )
¢ li

28.

29.

parallel to the xy-plane.

The plane contains the y-axis and makes an angle of
/6 with the positive x-axis.

The plane contains lines given by

. 7 3%
Dar?Jlle]etL Passes through the point (—2, 3, 1) and is Sl 4=,
WQ, 5 e vector v = 4 — i, vt s
(C) (2’ 1: 0) (b) (_6, 3’ 2) X — - y _ z .
= @ ¢, 3, —2) =3 4 -1
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30. The plane passes through the point (2, 2, 1) and contains

the line given by % . . =z
-1

31. The plane passes through the points (2, 2, 1) and
(—1, 1, —1) and is perpendicular to the plane 2x —
3y +z=3.

32. The plane passes through the points (4, 2, 1) and
(—3, 5, 7) and is parallel to the z-axis.

In Exercises 33—38, determine whether the planes are
parallel, orthogonal, or neither. If they are neither par-
allel nor orthogonal, find the angle of intersection.

B.5Sx—-3y+z=4,x+4y+7z2=1
34.3x+y—4z=3,-9x—3y+ 12z=4
3. x—3y+6z2=4,5x+y—z=4
36.3x+2y—z=7,x—4y+22=0
37.x—5y—z=1,5x — 25y — 5z = -3
38.2x—z=1,4x+y+ 8 =10

In Exercises 39—46, mark the intercepts and sketch the
graph of the plane.

39. 4x + 2y + 6z = 12 40. 3x + 6y + 2z =6

41. 2x —y +3z2=4 492. 2x—y+z=4
43. y+z=5 4. x +2y =4
45. 2x+y—z=6 46. x — 3z =3

In Exercises 47 and 48, find a set of parametric equa-
tions for the line of intersection of the planes.

47. 3x+2y—z=7,x—4y +2z2=0
48. x —3y+6z=4,5x+y—2z=4

In Exercises 49 and 50, find the point of intersection
(if any) of the plane and the line. Also determine whether

the line lies in the plane.

49. 2x — 2y +z=12
1 y+@3/2)_ z+1
2 -1 2
50. 2x + 3y = -5
x—1 y z-—3

4 2 6

14.4 Surfaces in Space

In Exercises 51 and 52, fing t

X he gj
point and the line. ® distanc, ety
B«

51. (10,3, =25 x =41 2, _
52. (4, 1, _2);x =2t + z’y =2

s 2=
32 = t : + l

In Exercises 53 and 54, find the di

planes. distance Detuge,

53.x—3y+4z=10,x—3y.|.4z=
54. 2x —4z=4,2x—dz=19 = °

In Exercises 55 and 56, find the dist

: . a
two skew lines (lines that are neitr?gre betweentne
intersecting). Paralle| p,

y z x—1
5. x=5=3 T SV~ 4=z4
56. x = 3¢ xX=4s+ 1
y=—t+2 y=s—2
z=1t—1 z=-3s—-3

57. A chute at the top of the grain elevator of 3 combiy;
has the purpose of funneling the grain into 3 iy (st
figure). Find the angle between two adjacent sides,

8in
8in

8in

" FOR 57 s bl

58. Consider the two nonzero vectors u and n Descubf
the geometric figure generated by the termin pom;
of the following vectors where s and ¢ represental®
numbers. N
(@) tv ® u+ztv (c)sutty il

59. If a,, b, ¢, and a,, by, c, are two €t °f i“;ﬁia
numbers for the same line, show that thfjrz =0l
scalar d such that @, = a,d, by = byd, 201

/

Cylindrical surfaces = Quadric surfaces = Surfaces of revolution

In the first five sections of this chapter, we introdu
the preliminary work necessary to study vector calculus &%
prellrﬂlmlry

o
o

rtio?
ced the vectorcglocﬂl'JS |
devel"f’m g

space. In this and the next section we complete this
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gERNSES for Section 14.4

1-6, match the equation with its graph.

re labeled (a)—(f).] (@ ) .

i5eS
ExerClse
‘r?ne graphs @

<~

4. 12z = —3y2 4 4,2
6. 4x2 —y2 + 4; =

18. Use a graphing utility to sketch three views of the
equation y2 + z2 = 4, with views from the points (a)
(10, 0, 0), (b) (0, 10, 0), and (c) (10, 10, 10).

In Exercises 19—-30, identify and sketch the given quad-

ric surface.
y2 x2 y2 z2
2 —_ 2 — _ — —_—=
19.x+4+z 1 20.9+16+16 1
2
21, 1632 —y2 + 1622 =4 2. 2-x>-L =
" Ererciseg 7 : 4
7 =16, describe and sketch each surface. B.x>—y+2=0 2. 7= 4x2 + y?
=g 5. x2—-y2+z=0 26. 3z = —y? + x2
’~y2+zz~ 8. x=4 Y y2 +
L =9 10. x2 + 22 =16 2. 2=x2+%= 28, x2 = 2y2 + 222
B4 )50 12. y2+z=4 4
5, Tr=q 14 v2— =24 29. 16x2 + 9% + 1622 — 32x — 36y + 36 = 0
17'Th;;my=0 lG:Z—e)’=0 30, 4x2 +y2 — 422 —16x — 6y — 162+ 9 =0
our figures are graphs of the quadric surface
iy y? ay In Exercises 31-38, use a computer algebra system to
Matgy ' = obtain a graph of the surface. Identify the surface as a
Whic the four graphs with the point in space from cylinder, quadric surface, or surface of revolution. (Hint:
(0, paraboloid is viewed. The four points are IF may be necessary to solve for z and acquire two equa-
"0, 20, 0), (20, 0, 0), and (10, 10, 20). tions to graph.)

b



S e A s oulid Alalylic Geometry and Vectors in Space \

3. z=2sinx 32. z = x2 + .52 coordinate plane about the SPecifigg axi
2 XIS,
B.x24+2= G) M. x2+y=¢: Equation Coording, 5
i
35. 22 = x2 4 42 36. dy = x2 + 22 of Curve Plane Rev:;;;j;
37. 4x? — y2 + 422 = —16 38, 92 4 4y? — 822 =72 43. 22 = 4y yz-plane =
. . “. z=2 yoplane ) ¥is
In Exercises 39-42, sketch the region bounded by the 45. 2 =2y yz-pl Y-axj
: g Plane ;
graphs of the equations. 46. 2z = V4 — ;2 Xz-plane Zaxis
= X-axig
39.2=2Vx2+y2 ;= :; xy_ 12 *y-plane X-axjg
40.z=V4—x2,y=\/4—x2,x=0,y=0,z=0 P E=AY Yz-plane Z-axjg
41. x2 + y2 = Lx+z=22:=9
Q2. 2=V4 - 3232 y=2,2=0 In Exercises 49 and 50, fing an equation of
_ _ _ curve given the equation of jts Surface ro age.”e’a“"a
In Exercises 43-48, find an equation for the surface of Volutiop,
revolution generated by revolving the curve in the given 9. x2+y2-2,=9 S0, x2 4 2 st

14.5 Curves and Vector-Valued Functions in Space

Space curves = Vector-valued functions in space = Arc length of a space curve '

In Section 13.3, we showed how to Tepresent a plane curve by g vy,

valued function of the form

r(t) = (i) -
where f and g are o=l functions of ¢ on an interval J. This definiton
can be extended o ioo-imensional Space in a natural way. That is, we
Tepresent a curve . poie by a vector-valued function of the form

r(0) = f(i + g(n)j + W)k

where f, g, and £ are continuous functions of ¢ on an interval I.

EXAMPLE 1 A space curve represented by a vector-valued function"

Czyli“dezf : g Sketch the space curve represented by the vector-valued function
xe+ yc =

l'(t)=4costi+4sintj+tk, 0=t=d4nm

SOLUTION

pia
= 4sint, Ve
From the first two parametric equations, x = 4 cos fand y = 45

x2 +y2 = 16.

s . 1us 4,C .y
This means that the curve lies on a right circular cylinder of ri‘i fhitd Pi(
about the z-axis. To locate the curve on this cylinder, we U 5 0411
ametric equation z = ¢, Then, as ¢ increases from 0 t0 *™ 4

<}
- ——

; in F18
N3 @ (x, y, 2) spirals up the cylinder to produce the helix shown 11 2
Y400 ¢ 1 ¥
Curve C'is a helix, s def”
WESIRG el In the next example, we look at a space curve that i
FIGURE 14.42 intersection of two surfaces in space. /
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Answers to Odd-Numbered Exercises A83

1 o
g@iti ® (z\/i N 6) 1+2 19. @) (-2,2,2) 21. (a) (3,0, 3)
9 10t — 1 : (b) (=3, 0. 3)
ZAt+8t— 4 d .
@3V RV T e

. S'mti+(ts'mt+cost)j +C

_4i-3j Bov=2i-—2_j
S AT
a=0 \\V\\=@
a-T=0 (t+ 1)
a.N:O a = 4 .
K=0 (t + 1!
a-T= %
¢+ 1)PV@eE+ 1A +1
a -N= 4
t+DVe+ 1) +1
{t+ 1y

Sl PR
B.ov=ei-e'j
Ivll = Ve* + ¢

a=ce'i+e’}

e2t e
T ¢
a- o s :
\/e‘l: 4+ e 2!
2
a- N = —m=—
eZt + e—-21
2
K

= (e2t + e—2r)3/2
21. 2(5200\75 91n 3) =~ 59.775 © : @
». =06+ \V/3) = 557.68 1b

31. 152 ft 33. 4.56 mi/sec

Chapter 14

27. (-1,0,4)  29. (6, 12, 6)
Section 14.1 31. 2,3,3) 33 aandb 35 a

37. Collinear 39. Not collinear 43. 3,1, 8)
45. 0 47. V34 49. V14
51. (@) 12, -1,2) ) —3@2, -1, 2

1
53. (a) 71—§§(3, 2,-5 B - =629

V14 5
55. iT 57. ig 59. (2, —-1,2)
61. (2,6,3)
63. {0, V3, =1)

5. 3, 3V/5, 6, Right triangle

7. 6, 6,2V10, Isosceles triangle 9. (%_ =3, 5)
11‘x2+yz+zz—4y—102+25=0 2
13. x2+ Y2+ 22 -2x—6y=0

15. Center: (1, =3, =4) Radius: 5 \ <
17. Center: (3, =1, 0) Radius: 1

(0. V3, 1)




AB4 Answers to Odd-Numbered Exercises

65. (a) 1 (b) 6 (©) 6 di-k (e) 2

2
67. arccos 3 = 61.9°

8V13
69. arccos(—?) =~ 116.3°
71. Neither 73. Orthogonal
75. @) (0, %. %) () (2. —%, %)
77. @ (.3, -3 ® (.49
79. (a) (5,0,0) (b) (0, —4, 3)
81. cosa=%,cosﬂ=§,cosy=§

3 2

83 cosa=0,cos B=——,cos y= ———
B=Um "= "Un

85. (c)a=b=1

V3
87. —3—<1, 1,1)  89. 8.991b
91. T, = 157.5
T, = 3692.5
Section 14.2
1. -k 3. i

5. —j i % {1, =1, =1)
‘ 9. (0, 0, 54)
| 11. (-2, 3, —1)
1B (%, -1 %5 151 17.6V5
19. 2V33 21 3—‘213 23. g\zﬁ 25. 1

27. 6 29. 2 31. 75
33. 10 cos 40° = 7.66 ft - 1b

Section 14.3

1.

(a)

(b) P =, 2,2),0 =10, -1, 17),
PQ = (9, — 3, 15)
(There are many correct answers.) The
components of the vector and the coefficients of ;
are proportional since the line is parallel to PQ.
(c) (7,0, 12)

Parametric Symmetric Direction
Equations Equations Numbers
y z
.x=1t x=z== 1,2,3
y =2t Z 3
z =3t
S x~=gwy ST2.X 2,8, =2
_ 2 4
y =4t . _3
Z=3_2t :“—
—2
7.x=1+ 3¢ ";l=:-"3 3, -2,1
y=—2t -
z=1+1 =L
1
9. x=5+ 17t x—=5_y+3 17. —11. -9
y=-3~1l 17 -11
z=—2—09¢ _z+2
-9
11. x = |
y= |
z=4+1 |
|
V17 s
13. a, b 15. (2, 3, 1),cosB=T
17. Nonintersecting 19.x-2=0
21, 2x+3y—z=10 23.3x+9% —7:=0
25.4x -3y +4z2=10 27.z=3
2. x+y+z=5 3l.7x+y—1z=3
33. Orthogonal 35. 83.5° 37. Parallel
39. : 41. )

A

5.4

-4

4t ;

|
6 \k ¢
x s

. 3
X

et




i Iy

fN.x=2
y=1+t
7=1+2t
2V 26
51. 0 53.——1—3—

57. arccos 35 =~ 89.1°

Section 14.4

1. ¢ 2. ¢ 3. f

7. Plane

11. Parabolic cylinder

55,

4. b

Answers to Odd-Numbered Exercises A85

45.

19. Ellipsoid

49. (2, -3,2)

23. Elliptic paraboloid

~
13

27. Cone
5.d 6. a

9. Right circular cylinder

13. Elliptic cylinder

17. (a) (20, 0, 0)
(b) (10, 10, 20)
(¢) (0, 0, 20)
(d) (0, 20, 0)

21. Hyperboloid of one
sheet

29. Ellipsoid

37. Hyperboloid of two
sheets

e
e

7=—2
3
=

, S, B
S
S AZ

=5
—

s
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2. x=t,y=—t,z=2¢

3. >+ 2=4 45. 4x2 + 4y2 =22
47.y2+zz=x—42 4. y=V2: 25. x=2sint,y =2cost,z=4sin?;

Section 14.5

L (=2,0,0,% 3.0, 5.0,
7. (-2, 9. VIt

11. @) (-20,0,0)  (b) (10, 20, 10)

(€) (0,0,20) (@) (20, 0, 0) 27. x=1+sint,y=*V2cost,z=1 - sin;

13. 15.

29.2i+2j+1k  31.0
33. Limit does not exist. 35. [-1, 1]
37. (—g + nw, g + n‘n‘)
39. 6i — 14t j + 312k
41. —3acos?tsinti + 3asin’rcostj
43. —etj 45, (sint+ tcost, cost—tsint, 1)
47. @ i+3j+ 2k (b) 2k
(©) 8+ 972 + 544
@ -i+©@-20j+ 6r-3)k
(€) 821 + (1212 — 4% j + (32 - 40 k
10 + 272

n V10 + 12
9. 2i+1j+tk+C
Sl.lnti+tj—252k + C
_ 53. éi—costj+sintk +C
). Parabola  21. Helix 55.tanti+ arctantj + C
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