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6.4  EXERCISES

VOCABULARY: Fill in the blanks.

. The vectors u and v are ifu-v=0.

. The projection of u onto v is given by proj,u =

7 I T R SR

is given by W = or W=
SKILLS AND APPLICATIONS

In Exercises 7-14, find the dot product of u and v.

7. u={(7,1) 8. u = (6, 10)
v=1(-32) v=(-23)
9. u=(-4,1) 10. u = (—2,5)
v=1{(2,-3) v={(-1-8)
11. u = 4i — 2j 12. u = 3i + 4j
v=i—j V=702
13, u=3i + 2j 4. u=1i-2j
v =—2i - 3j v=—2i+j

In Exercises 15-24, use the vectorsu = (3,3),v = (—4, 2),
and w= (3, —1) to find the indicated quantity. State
whether the result is a vector or a scalar.

15. u-u 16. 3u - v

17. (u - v)v 18. (v - u)w

19. 3w - v)u 20. (u : 2v)w

21. |w| -1 22. 2 — |ul

23. (w-v)—(u-w 24. (v-u)— (w-v)

In Exercises 25-30, use the dot product to find the magnitude
of u.

. The dot product of u = (u, u,) and v = (v, v,) isu - v =

25. u = (-8, 15) 26. u = (4, —6)
27. u = 20i + 25j 28. u = 12i — 16]
29, u = 6j 30. u = —2li

In Exercises 3140, find the angle @ between the vectors.

31. u = (1,0)
v =10, —2)

33. u = 3i + 4j
v=—2j

3[5.u=2i—j
v = 6i + 4j

32. u=(3,2)
v = (4,0)
34. u = 2i — 3j
v=1i-—2j
36. u = —6i — 3j
v = —8i + 4j

See www.CalcChat.com for worked-out solutions to odd-numbered exercises.

The of two vectors yields a scalar, rather than a vector.

. If 6 is the angle between two nonzero vectors u and v, then cos 6 =

. The work W done by a constant force F as its point of application moves along the vector @

37. u = 5i + 5
v = —6i + 6j

39. u = cos<7§r)i + sin<g>j
cos<3w>i + s'n(BTr)'
= == in =—
4 4 )
40. u = cos(%)i + sin<g>j
- ol T sl )
vV = COS ) 1 sin 5 J
In Exercises 41—44, graph the vectors and find the degree

measure of the angle @ between the vectors.

41. u = 3i + 4j 42. u = 6i + 3j

38. u = 2i — 3j
v =4i + 3j

<

v=—Ti+5j v = —4i+ 4j
43. u = 5i + 5j 44. u = 2i — 3j
v=—28i+ §j v = 8i + 3j

In Exercises 45—48, use vectors to find the interior angles of
the triangle with the given vertices.

45. (1,2),(3,4),(2,5) 46. (—3,—-4),(1,7), 8,2)
47. (=3,0), (2,2),(0,6) 48. (-3,5), (=1,9), (7,9)

In Exercises 49-52, find u - v, where @ is the angle between
uandv.

2
49. |lul = 4.v| = 10.0==F

50. [ul| = 100, |[v]| = 250, 6 = g

W

m

51. jul| =9, |v]| =36, 6=

52. |ul| = 4,

4
a
=12 =2
A , 0 3



466 Chapter 6  Additional Topics in Trigonometry

In Exercises 53—58, determine whether u and v are orthogonal,
parallel, or neither.

53. u = (—12,30) 54. u = (3, 15)
V=<%, *%) v={(-175)

55. u = 3(3i — j) 56. u =i
v = 5i+ 6 V=20 + 2

57. u = 2i — 2j 58. u = (cos 0, sin 6)
v=—i—j v = (sin 6, —cos 6)

In Exercises 59-62, find the projection of u onto v. Then
write u as the sum of two orthogonal vectors, one of which is
proj, u.

59. u=1(22) 60. u = (4,2)
v={(61) v=(l,-2)

61. u = (0,3) 62. u= (-3 -2)
v =(2,15) v=(—4,-1)

In Exercises 63—66, use the graph to determine mentally the
projection of u onto v. (The coordinates of the terminal
points of the vectors in standard position are given.) Use the
formula for the projection of u onto v to verify your result.

63.

65.

In Exercises 67-70, find two vectors in opposite directions
that are orthogonal to the vector u. (There are many correct
answers.)

67. u = (3,5)
69. u =3i —3j

68. u = (—38,3)
70. u = —3i — 3j

WORK In Exercises 71 and 72, find the work done in
moving a particle from P to Q if the magnitude and direction
of the force are given by v.

71. P(0,0), 0(4,7), v={(1,4)

72. P(1,3), 0O(=3,5), v=—2i+3j

73. REVENUE The vector u = (4600, 5250) gives the
numbers of units of two models of cellular phones
produced by a telecommunications company. The vector
v = (79.99, 99.99) gives the prices (in dollars) of the
two models of cellular phones, respectively.

(a) Find the dot product u - v and interpret the result in
the context of the problem.

(b) Identify the vector operation used to increase the
prices by 5%.

74. REVENUE The vector u = (3140, 2750) gives the
numbers of hamburgers and hot dogs, respectively, sold
at a fast-food stand in one month. The vector
v = (2.25, 1.75) gives the prices (in dollars) of the food
items.

(a) Find the dot product u - v and interpret the result in
the context of the problem.

(b) Identify the vector operation used to increase the
prices by 2.5%.

75. BRAKING LOAD A truck with a gross weight of
30,000 pounds is parked on a slope of d° (see figure).
Assume that the only force to overcome is the force of
gravity.

Weight = 30,000 1b

(a) Find the force required to keep the truck from
rolling down the hill in terms of the slope 4.

& (b) Use a graphing utility to complete the table.

d Oo ]o 20 30 40 50
Force

d 6° | 7°| 8 | 9°| 10°
Force

(c) Find the force perpendicular to the hill when
d=5°

76. BRAKING LOAD A sport utility vehicle with a gross
weight of 5400 pounds is parked on a slope of 10°.
Assume that the only force to overcome is the force of
gravity. Find the force required to keep the vehicle from
rolling down the hill. Find the force perpendicular to
the hill.
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77.

78.

79.

80.

81.

82.

WORK Determine the work done by a person lifting a
245-newton bag of sugar 3 meters.

WORK Determine the work done by a crane lifting a
2400-pound car 5 feet.

WORK A force of 45 pounds exerted at an angle of i 8s.

30° above the horizontal is required to slide a table
across a floor (see figure). The table is dragged 20 feet.
Determine the work done in sliding the table.

20 ft

WORK A tractor pulls a log 800 meters, and the
tension in the cable connecting the tractor and log is
approximately 15,691 newtons. The direction of the
force is 35° above the horizontal. Approximate the work
done in pulling the log.

WORK One of the events in a local strongman contest
is to pull a cement block 100 feet. One competitor pulls
the block by exerting a force of 250 pounds on a rope
attached to the block at an angle of 30° with the
horizontal (see figure). Find the work done in pulling
the block.

Not drawn to scale

WORK A toy wagon is pulled by exerting a force of
25 pounds on a handle that makes a 20° angle with the
horizontal (see figure). Find the work done in pulling
the wagon 50 feet.

. PROGRAMMING Given vectors u and v in compo-

nent form, write a program for your graphing utility in
which the output is (a) |u]l, (b) |||, and (c) the angle
between u and v.

84.

PROGRAMMING Use the program you wrote in
Exercise 83 to find the angle between the given vectors.
(a) u=<(8, —4yandv = (2,5)

(b) u=(2,—6)andv = (4, 1)

PROGRAMMING Given vectors u and v in compo-
nent form, write a program for your graphing utility
in which the output is the component form of the
projection of u onto v.

. PROGRAMMING Use the program you wrote in

Exercise 85 to find the projection of u onto v for the
given vectors.

(@ u=<(56)andv =(—1,3)
b) u={3,-2)andv =(—=2,1)

EXPLORATION

TRUE OR FALSE?

In Exercises 87 and 88, determine

whether the statement is true or false. Justify your answer.

87.

88.

89.

90.

91.

92.

93.

9.

The work W done by a constant force F acting along the
line of motion of an object is represented by a vector.

A sliding door moves along the line of vector @ It
a force is applied to the door along a vector that is
orthogonal to PQ, then no work is done.

PROOF Use vectors to prove that the diagonals of a
rhombus are perpendicular.

CAPSTONE What is known about 6, the angle
between two nonzero vectors u and v, under each
condition (see figure)?

Origin

@u-v=0 ®b)u-v>0 c)u-v<O0

THINK ABOUT IT What can be said about the vectors
u and v under each condition?

(a) The projection of u onto v equals u.

(b) The projection of u onto v equals 0.

PROOF Prove the following.

o= vlP = fu* +v[* = 2u-v

PROOF Prove that if u is a unit vector and 6 is the
angle between u and i, then u = cos 60i + sin 6j.

PROOF Prove that if u is a unit vector and 6 is the
angle between u and j, then

_ T, T,
u= cos<2 0)1 + s1n<2 O)J.



