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There are two poi

T ]

t vectors in Problems 14, find

bu-v ¢ 3u d 2u+3v
. 1), v=(-2,5,3)
=1,0),v=(5,-3,4)
#2,5),v=(0,-1,3)

=1),v=(4,-2,0)

3-8, plot the points P and Q in R®, and find |[PQ|.
5,0(1,5,-3) 6. P(3,0,0), 0(2,5.7)
=3,8), 03,6, -7) ®)P(,5,-3), 02, —1,0)
89-12, find the standard form equation of the sphere
center C and radius r.

=1 @ C(-3,5,7),r=2
S).r=3 12. €(-2,3,-1),r=+5

& “";13rtllt;ius of each sphere whose equations are

2
22‘2)'4-2:—2:()

*z +4x_22—8:0

i 52

®Z —6x+2y-2:+10=0

a—1=2s
a1=2s+1

nts that satisfy the conditions for the required terminal point Q:

(8,3, —3) and (1.3, -2)

Parallel vectors

EXAMPLE 7
i‘» A vector PQ has initial point P(1,0, —3) and length 3. Find Q so that PQ is parallel
L tov = 2i — 3j + 6k.

Let Q have coordinates (a1, a2, az). Then
PQ = [a; — 1]i+[a2 — 01j + [a3 — (-3)k
= (a) — Di+aj+ (a3 +3)k
Because PQ is parallel to v, we have PQ = sv for some scalar s, that is,
(@ — Di+azj+ (a3 + 3)k = s(2i — 3j + 6k)

Since the standard representation is unique, this implies that

a3 +3=06s
a3 =065 —3

a, = —3s

Because PQ has length 3, we have

3=/(a; — 1) +a3+ (a3 +3)?
—J[@s+ 1) — 1P+ (=382 +[(6s —3) + 3]2
= /452 + 952 4+ 365 = /4952 =T |s|

Thus)si = :i:% and for the two cases, we have

§=n a=23+1=% a=-33)=-3 a3 =6(3)—3=-}
g=-2: @ =221 a = —3(—3) a3 =6(—32) -3
(IIZ% az=% agz—%

16 2+y 422 —-2x—4y+8z+ 17=0
Find the standard representation of the vector PQ, and then find
|PQ|| in Problems 17-20.

17. P1.-1,3), 0(-1,1,4) 18,)P(0,2,3). 0(2,3.0)
19. P(L.1,1), 0(=3,-3,=3) 20. P(3,0,—4), 00, ~4.3)

In Problems 21-24, perform the indicated operations.

u=2i—j+3k v=i+j—5k w=5i+7k
21. u+v-—2w @2u—v+3w
23. du+w 24. 3u—v—5w

In Problems 25-28, find a unit vector that points in the same di-

rection as the given vector V.
25, v=(3,-2,1) 26)v = (-1.1,v2)

27. v=(-5,3,4) 28. v=(1,v2,7)
Sketch the cylindrical surfaces given in Problems 29-32.
29. 2+ y*=4 30)z =9 —x*

31. y =32 32: 7z =51
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33. Find an equation for a sphere, given that the endpoints of a
diameter of the sphere are (1,2, —3) and (-2, 3, 3).

Evaluate the expressions given in Problems 34-37.
4. [li+j+ K] 5. [li—j+Kkl
36. |12i +j — 3k|?

37. 12G—j+k) —3Qi+j—k)|?

Letv =1i—2j+ 2k and w = 2i+ 4j — k; find the vector or scalar
requested in Problems 38—41.

38. 2|lv|l — 3wl 39. |Iviiw

40. [|2v — 3w]|| 41. ||[v —w|(v+ w)

Determine whether each vector in Problems 42-45 is parallel to
u=2i-—3j+ 5k
42. v= (4, -6, 10)
4. v=(1,-3,2)

43. v=(-2,6,—10)
45. v=(-1,3 -3
o The vertices A, B, and C of a triangle in R® are given in Problems

46—49. Find the lengths of the sides of the triangle and determine
whether it is a right triangle, an isosceles triangle, both, or neither.

46. A(3,—-1,0), B(7,1,4),C(1,3,4)

47. A(1, 1, 15,B(3,3;2); €(3; =3, 5)

48. A(1,2,3), B(—3,2,4),C(1,—4,3)

49. A(2,4,3), B(—3,2,—-4), C(—6,8,—10)

50. Letu = (—1,1,2),v=(0,2,—3),and w = (5, —1, 0). Find
a vector q so that 2u — v + 5q = 3w.

In Problems 51 and 52, determine whether the giu
collinear (that is, lie on the same line). Note: Forf
B, and C to be collinear, AC must be a multiple of A
51. (2,3,2),(—1,4,0), (4,5, -2)
52, (3.,(0,3).5@2 =3 5)1(4, 3, 1
53. A 150-1b tennis official is sitting on a three-l
stool. Suppose a coordinate system is chosen
ficial at point P(0, 0, 6) and the feet of the s
A0, =2,0), B(—+/3, 1,0),and C(+/3, 1, 0), as4
ure 9.23. Find the force exerted on each of the i

P(0,0,6)

7]

B(-V3,1,0)

A0-20) 0310

Figure 9.23 Tennis judge

. Let P(3,2, —1), 0(-2, 1, ¢), and R(c, 1, 0) befl
For what values of ¢ (if any) is P QR a right triang

55. Find the point P that lies % of the distance fron

A(—1,3,9) to the midpoint of the line segmentji
B(-2,3,7) and C(4, 1, —3).

9.3  The Dot Product
IN THIS SECTION

definition and basic properties of the dot product, angle between vectors
cosines, projections, work as a dot product

DEFINITION AND BASIC PROPERTIES OF THE DOT PRODUCT

Dot Product

In the first two sections of this chapter, you have learned how to add vectors
tiply a vector by a scalar. We now turn our attention to the product of two vedl
dot (scalar) product and the cross (vector) product are two important vedl
tions. We will examine the dot product in this section and the cross producti
section. The dot product is also known as a scalar product because it isa i
vectors that gives a scalar (that is, real number) as a result. Sometimes the dof
is called the inner product.

l

The dot product of two vectors v = a;i + a,j and w = bji + byjin a planei§
a similar formula with a3 = b3 = 0, namely,

Figure 9.24 T

V-W=aib +ab; “between two





do 16,18,22,26,30,33,36,38,42,44,46,52
