8-1 Introduction to Vectors

State whether each quantity described is a 6. a rock thrown straight up at a velocity of 50 feet per
vector quantity or a scalar quantity. second

1. i
a box being pushed at a force of 125 newtons SOLUTION:
SOLUTION: This quantity has a magnitude of 50 feet per second
This quantity has a magnitude of 125 newtons, but no and a direction of straight up. This is a vector
direction is given. This is a scalar quantity. quantity.
ANSWER: ANSWER:
scalar vector

2. wind blowing at 20 knots

SOLUTION:

This quantity has a magnitude of 20 knots, but no
direction is given. This is a scalar quantity.

ANSWER:
scalar

3. a deer running 15 meters per second due west

SOLUTION:

This quantity has a magnitude of 15 meters per
second and a direction of due west. This is a vector

quantity.

ANSWER:
vector

4. a baseball thrown with a speed of 85 miles per hour

SOLUTION:

This quantity has a magnitude of 85 miles per hour,
but no direction is given. This is a scalar quantity.

ANSWER:
scalar

5. a 15-pound tire hanging from a rope

SOLUTION:

Weight is a vector quantity that is calculated using
the mass of the tire and the downward pull due to

gravity.

ANSWER:
vector
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8-1 Introduction to Vectors

Use a ruler and a protractor to draw an arrow 8. g = 6 kilometers per hour at a bearing of N70°W
diagram for each quantity described. Include a
scale on each diagram. SOLUTION:
7. h =13 inches per second at a bearing of 205° Sample answer: Using a scale of 1 cm : 2 km/h,
draw and label a 3-centimeter arrow at an angle of
SOLUTION: 70° west of north.
Sample answer: Using a scale of 1 cm : 3 in./s, draw N

and label a 13 + 3 or about 4.33-centimeter arrow at
an angle of 205° clockwise from the north.
N o

FEI;_
-, 205°
- — w o E
w I -
S
Tem:2kmh
| Drawing may not be to scale.
i
ANSWER:
Sample answer:
N
15
Tem:dins g
. 70"
Drawing may not be to scale. 4
w o E
ANSWER: g
Sample answer: 1cm: 2kmmh
N Drawing may not be to scale.
~205°
w P E
h
15
1em:3ins

Drawing may not be to scale.
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8-1 Introduction to Vectors

9. ] =5 feet per minute at 300° to the horizontal

SOLUTION:

Sample answer: Using a scale of 1 cm : 1 ft/min,
draw and label a 5-centimeter arrow at an angle of

300° to the x-axis.

N

10. k =28 kilometers at 35° to the horizontal

SOLUTION:

Sample answer: Using a scale of 1 in : 10 km, draw
and label a 2.8-inch arrow at an angle of 35° to the

X-axis.

\35°

Wﬂ

5

1in.; 10 km

Drawing may not be to scale.

ANSWER:
Sample answer:

4N
30001
|'r/ \
w | © E
b
i
L
1 em: 1 ftfmin

Drawing may not be to scale.

ANSWER:

Sample answer:
AN

7 TN

LES

1 em 1 ftfmin

Drawing may not be to scale.
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N

\35°

Wﬂ

5

Drawing may not be to scale.

1in.; 10 km

Page 3



SOLUTION:

Sample answer: Using a scale of 1 cm : 10 m, draw
and label a 4-centimeter arrow at an angle of 55°

8-1 Introduction to Vectors

11. m = 40 meters at a bearing of S55°E

east of south.
N
W O[S E
'55°
m
5
Tem:10m

Drawing may not be to scale.

ANSWER:

Sample answer:
N

m

Tem:10m

my

Drawing may not be to scale.
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12. n =32 yards per second at a bearing of 030°

SOLUTION:

Sample answer: Using a scale of 1 cm : 10 yd/sec,
draw and label a 3.2-centimeter arrow at an angle of

30° clockwise from the north.

N

30

w O

'S
1cm: 10 ydis

Drawing may not be to scale.

ANSWER:

Sample answer:
N

w ©

1S
1em 10 ydis

Drawing may not be to scale.
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8-1 Introduction to Vectors

13.

Find the resultant of each pair of vectors using
either the triangle or parallelogram method.
State the magnitude of the resultant to the
nearest tenth of a centimeter and its direction
relative to the horizontal.

SOLUTION:

Translate b so that its tail touches the tip of a. Then
draw the resultant vector a + b as shown. Draw the
horizontal.

Drawing may not be to scale.

Measure the length of a + b and then measure the
angle this vector makes with the horizontal.

The vector has a length of approximately 1.4
centimeters and is at an approximate angle of 50°
with the horizontal.

ANSWER:
1.4 cm, 50°

eSolutions Manual - Powered by Cognero

14.

P

‘_._..---"""_H
--u...\_LH

SOLUTION:

Translate g so that its tail touches the tip of p. Then
draw the resultant vector p + q as shown. Draw the
horizontal.

Drawing may not be to scale.

Measure the length of p + g and then measure the
angle this vector makes with the horizontal.

The vector has a length of approximately 1.1
centimeters and is at an approximate angle of 310°
with the horizontal.

ANSWER:
1.1 cm, 310°
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8-1 Introduction to Vectors

15.

d
B

T,

SOLUTION:

Translate ¢ so that its tail touches the tip of d. Then
draw the resultant vector d + ¢ as shown. Draw the
horizontal.

Drawing may not be to scale.

Measure the length of d + ¢ and then measure the
angle this vector makes with the horizontal.

The vector has a length of approximately 1.0
centimeter and is at an approximate angle of 46°
with the horizontal.

ANSWER:
1.0 cm, 46°
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~

SOLUTION:

Translate K so that its tail touches the tip of h. Then
draw the resultant vector h + k as shown. Draw the
horizontal.

Drawing may not be to scale.

Measure the length of h + k and then measure the
angle this vector makes with the horizontal.

The vector has a length of approximately 1.1
centimeters and is at an approximate angle of 320°
with the horizontal.

ANSWER:
1.1 cm, 320°
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8-1 Introduction to Vectors

\/ —

SOLUTION: 18.

Translate n so that its tail touches the tip of m. Then SOLUTION

draw the resultant vector m + n as shown. Draw the L .

horizontal. Translate g so that its tail touches the tip of f. Then
draw the resultant vector f + g as shown. Draw the
horizontal.

Drawing may not be to scale.

Measure the length of m + n and then measure the

angle this vector makes with the horizontal. Drawing may not be to scale.

The vector has a length of approximately 2.3

centimeters and is at an approximate angle of 188° Measure the length of f+ g and then measure the
with the horizontal. angle this vector makes with the horizontal.

The vector has a length of approximately 3.8
centimeters and is at an approximate angle of 231°

ANSWER: with the horizontal.
2.3 ¢cm, 188°

ANSWER:

3.8 cm, 231°
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8-1 Introduction to Vectors

19. GOLFING While playing a golf video game, Ana

hits a ball 35° above the horizontal at a speed of 40
miles per hour with a 5 miles per hour wind blowing,
as shown. Find the resulting speed and direction of
the ball.

SOLUTION:

Let a = hitting a ball 40 miles per hour at an angle of
35° above the horizontal and b = a 5 mph wind
blowing due east. Draw a diagram to represent a
and b using a scale of 1 cm : 5 mph.

H AN

- * -+ »*
Ol E 0'||l'l‘.| E

1em: 5 mph
Translate b so that its tail touches the tip of a. Then
draw the resultant vector a + b.

&
Il
a_~~" Ycm
A a
("'-"\'I:.‘Lq
qu E
lem: 5 mph

Drawings may not be to scale.

Measure the length of a + b and then measure the
angle this vector makes with the horizontal. The
length of the vector is approximately 9 centimeters,
which is 9 x 5 or 45 miles per hour. Therefore,
Ana’s ball is traveling approximately 45 miles per
hour at an angle of 31° with the horizontal.

ANSWER:
45 mph, 31°
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20. BOATING A charter boat leaves port on a

heading of N60°W for 12 nautical miles. The captain
changes course to a bearing of N25°E for the next
15 nautical miles. Determine the ship’s distance and
direction from port to its current location.

SOLUTION:

Let a = the boat leaving port on a heading of N60°W
for 12 nautical miles and b = the new course of
N25°E for 15 nautical miles. Draw a diagram to
represent a and b using a scale of 1 cm : 3 mi/h.

w lo E W

lem: 3 nautical mi

Translate b so that its tail touches the tip of a. Then
draw the resultant vector a + b.
a+h 4N

b / |Hiew

.2 .
kg o

W O E

I em - 3 naatical mi

Drawings may not be to scale.

Measure the length of a + b and then measure the
angle this vector makes with the horizontal. The
length of the vector is approximately 6.5 centimeters,
which is 6.5 x 3 or 19.5 nautical miles. Therefore,
the ship traveled approximately 19.5 nautical miles at
a bearing of N11°W.

ANSWER:
19.5 nautical mi, N11°W
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8-1 Introduction to Vectors

21. HIKING Nick and Lauren hiked 3.75 kilometers to

a lake 55° east of south from their campsite. Then
they hiked 33° west of north to the nature center 5.6
kilometers from the lake. Where is the nature center
in relation to their campsite?

SOLUTION:

Let a= Nick and Lauren hiking 3.75 kilometers 55°
east of south to the lake and b = Nick and Lauren
hiking 5.6 kilometers 33° west of north to the nature
center. Draw a diagram to represent a and b using a
scale of 1 cm : 1 km.

1om:1 km

Translate b so that its tail touches the tip of & Then
draw the resultant vector a + b.
H

26em

o E
lem:1km ~H~H
S i

Measure the length of a + b and then measure the
angle this vector makes with the horizontal. The
length of the vector is approximately 2.6 centimeters,
which is 2.6 kilometers. Therefore, the nature center
is approximately 2.6 kilometers due north of the
campsite.

Drawings may not be to scale.

ANSWER:
2.6 km due north
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22.

Determine the magnitude and direction of the
resultant of each vector sum.

18 newtons directly forward and then 20 newtons
directly backward

SOLUTION:

Let a = 18 newtons directly forward and b = 20
newtons directly backward. Draw a diagram to
represent a and b using a scale of 1 cm : 2 N. Since
a is going forward and b is going backward, draw a
so that it is headed due east and draw b so that it is
headed due west.

Translate b so that its tail touches the tip of & Then
draw the resultant vector a + b.

H
a+I|T X

W ]rmlc’ L] E

Drawings may not be to scale.

Measure the length of a + b. The length of the
vector is approximately 1.0 centimeter, which is 1.0
x 2 or 2 newtons. @ + b is in the direction of b. Since
the direction of b is backwards, the resultant vector
is 2 newtons backwards.

ANSWER:
2 N backward
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8-1 Introduction to Vectors

23. 100 meters due north and then 350 meters due south

SOLUTION:

Let a = 100 meters due north and b =350 meters due
south. Draw a diagram to represent a and b using a
scale of 1 cm : 50 m.

H JLH
a L S
] E
lem
af E
L
Tem
lem: S0 m
b

- o+

Translate b so that its tail touches the tip of a. Then
draw the resultant vector a + b.

1em: 50 m

a+h | Sem

Drawings may not be to scale.

Measure the length of a + b. The length of the
vector is approximately 5.0 centimeters, which is 5.0
x 50 or 250 meters. a + b is in the direction of b.
Since the direction of b is due south, the resultant
vector is 250 meters due south.

ANSWER:
250 m due south
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24. 10 pounds of force at a bearing of 025° and then 15

pounds of force at a bearing of 045°

SOLUTION:

Let a= 10 pounds of force at a bearing of 025° and

b =15 pounds of force at a bearing of 045°. Draw a
diagram to represent a and b using a scale of 1 cm :

5 Ib of force.

1em : 5 Ib of force

Translate b so that its tail touches the tip of & Then
draw the resultant vector a + b.

7
TN b~ a+h
ra

a ,’fﬁ 0ecm

1 om : 5 Tb of force

Drawings may not be to scale.

Measure the length of a + b and then measure the
angle this vector makes with the horizontal. The
length of the vector is approximately 5 centimeters,
which is 5 x 5 or 25 pounds of force. Therefore, the
resultant is about 25 pounds of force at a bearing of
037°.

ANSWER:
25 1b of force at a bearing of 037°
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8-1 Introduction to Vectors

25. 17 miles east and then 16 miles south

SOLUTION:

Let a=17 miles east and b = 16 miles south. Draw
a diagram to represent a and b using a scale of 1
cm: 4 mi.

= ]
i
5 4
g
mf

40emyh

L]
Translate b so that its tail touches the tip of a. Then
draw the resultant vector a + b.

Measure the length of a + b and then measure the
angle this vector makes with the horizontal. The
length of the vector is approximately 5.9 centimeters,
which is 5.9 x 4 or 23.6 miles. Therefore, the
resultant is about 23.6 miles at a bearing of S47°E.
Drawings may not be to scale.

ANSWER:
23.6 mi at a bearing of S47°E
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26. 15 meters per second squared at a 60° angle to the
horizontal and then 9.8 meters per second squared
downward

SOLUTION:

Let a= 15 meters per second squared at a 60° angle
to the horizontal and b = 9.8 meters per second
squared downward. Draw a diagram to represent a

and b using ascaleof 1cm: 5 m/s.

H
43

aH

/30 em

u] E
1% em | b

Tom: 5 mfs®

Translate b so that its tail touches the tip of a. Then
draw the resultant vector a + b.

{ em: 5 mis?

Drawings may not be to scale.

Measure the length of a + b and then measure the
angle this vector makes with the horizontal. The
length of the vector is approximately 1.65
centimeters, which is 1.65 x 5 or 8.25 meters per
second squared. Therefore, the resultant is about
8.25 meters per second squared at an angle of 23° to
the horizontal.

ANSWER:

8.25 m/S2 at 23° to the horizontal

Page 11



8-1 Introduction to Vectors

27.

Use the set of vectors to draw a vector diagram
of each expression.

7N

m-2n

SOLUTION:

Rewrite the expression as the addition of two
vectors: m —2n =m + (-2n). Draw m.

To represent —2n, draw a vector 2 times as long as n

in the opposite direction from n.

—2n
—_—

Then use the triangle method to draw the resultant
vector.

=2

Drawings may not be to scale.

ANSWER:
—n

Drawing may not be to scale.
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28. n —Em
._1_

SOLUTION:
Rewrite the expression as the addition of two

A

. Draw n,

3 f 3
vectors: n—-m=n+| —-m
4 el

——r—

] ]

To represent — im , draw a vector E’ the length of

M in the opposite direction from m.

N

Then use the triangle method to draw the resultant
vector.

Drawings may not be to scale.

ANSWER:

Drawing may not be to scale.
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8-1 Introduction to Vectors

1 4
29.Ep+3n 30~4n+gp

SOLUTION:

L " 1
The expression is the addition of two vectors: - p+

1 1
3n. To represent = p, draw a vector = the length

of p in the same direction as p.

1
EP

To represent 3n, draw a vector 3 times as long as n
in the same direction as n.

3n
-

Then use the triangle method to draw the resultant
vector.

Drawings may not be to scale.

ANSWER:

Drawing may not be to scale.
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SOLUTION:
The expression is the addition of two vectors: 4n +

4 .
= p. To represent 4n, draw a vector 4 times as long

as N in the same direction as n.

-

4n

4 4
To represent z p, draw a vector z the length of p

in the same direction as p.

p

ol £

Then use the triangle method to draw the resultant
vector.

Drawings may not be to scale.

ANSWER:

dm
Drawing may not be to scale.
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8-1 Introduction to Vectors

3l.p+2n—-m

SOLUTION:

Rewrite the expression as the addition of three
vectors: p + 2N —m=p + 2n + (—-m). Draw p.

To represent 2n, draw a vector 2 times as long as n
in the same direction as n.
2n
—E—
To represent —m, draw a vector the same length as
m in the opposite direction from m.

Translate 2n so that its tail touches the tip of p.

Then, translate —m so that its tail touches the tip of

2n. Finally, draw the resultant vector p + 2n — m.
Zn

p+2n—m

Drawings may not be to scale.

ANSWER:
n

p+2n—m

Drawing may not be to scale.
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32. —}lm+p—2n

SOLUTION:
Rewrite the expression as the addition of three

| |
vectors: —Fm+p- 2n=——m+p+(-2n).
o . )

1 I
To represent ——m , draw a vector 3 the length of
2

M in the opposite direction from m.

/ -1-3-m

Draw p.

To represent —2n, draw a vector 2 times as long as n
in the opposite direction from n.
—2n

. . . |
Translate p so that its tail touches the tip of ——m .
.}
Then, translate —2n so that its tail touches the tip of
. l
p. Finally, draw the resultant vector — Zm+p- n.

=2n
%m +p=-2n

—%I’H

Drawings may not be to scale.

ANSWER:

—2n
%m +p—=2n

—%m

Drawing may not be to scale.

33. 3n—%p+m
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8-1 Introduction to Vectors

SOLUTION:
Rewrite the expression as the addition of three

1 o
vectors: 3n — P +m=3n+

"
—=p |+m.
. 2

To represent 3n, draw a vector 3 times as long as n
in the same direction as n.

3n

-
-

1 1
To represent 5 p, draw a vector = the length of

p in the opposite direction from p.

1
Translate - 2 P so that its tail touches the tip of 3N.
Then, translate m so that its tail touches the tip of

1 .
—Ep . Finally, draw the resultant vector

. 1
In—-—p+m.
2!3'

3n-=l-n+m
. Bn/\ '

Drawings may not be to scale.

ANSWER:

B o /\3n-%n+m

Drawing may not be to scale.
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1
34. m-3n+ —
4p

SOLUTION:
Rewrite the expression as the addition of three

1 1
vectors: m — 3n + 5 p=m+(=3n) + T p. Draw

m.,

m

To represent —3n, draw a vector 3 times as long as n
in the opposite direction from n.

—3n

1 1
To represent 5 p, draw a vector g the length of p

in the same direction as p.
1

V\Ij'
Translate —3n so that its tail touches the tip of m.

1 . . .
Then, translate T p so that its tail touches the tip of

—3n. Finally, draw the resultant vector m — 3n +

=p
P

Drawings may not be to scale.

ANSWER:
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8-1 Introduction to Vectors

35.

Drawing may not be to scale.

RUNNING A runner’s resultant velocity is 8 miles
per hour due west running with a wind of 3 miles per
hour N28°W. What is the runner’s speed, to the
nearest mile per hour, without the effect of the
wind?

SOLUTION:

Draw a diagram to represent the runner’s resultant
velocity and the wind.

M

[
3.0 mih % N28°W
g

il k! -
A -

2 mih i E

1om: 2 mith

The compliment 6 to the angle created by the wind
blowing at N28°W measures 90 — 28 or 62°.

The vector representing the runner’s resultant
velocity is the sum of the vector representing the
wind and a vector i, the runner’s speed and direction
without the effect of the wind. Translate the wind
vector as shown.

Draw the vector i, the runner’s speed and direction
without the effect of the wind. Using the Alternate
Interior Angles Theorem, we can label 8 as shown.

eSolutions Manual - Powered by Cognero

)
2 mih T o
LY il

3.0 mih \“-u_____.-*“'-f i

1eom: 2 mith

Drawings may not be to scale.

Use the Law of Cosines to find |i|, the runner’s
speed without the effect of the wind.
¢ =a +b" —2abcosd

li|" =8 +3% - 2(8)(3) cos62

i = /8% +3° - 2(8)(3)cos 62

li| = 7.1039

The runner’s speed, to the nearest mile per hour,
without the effect of the wind is 7 miles per hour.

ANSWER:
7 mi/h
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8-1 Introduction to Vectors

36. GLIDING A glider is traveling at an air speed of
15 miles per hour due west. If the wind is blowing at
5 miles per hour in the direction N60°E, what is the
resulting ground speed of the glider?

SOLUTION:

Draw a diagram to represent the glider and the wind.

1em: 5 mih

The compliment & to the angle created by the wind
blowing at N60°E measures 90 — 60 or 30°.
Translate the wind vector as shown and draw the
resultant vector g representing the ground speed of
the glider.

ik

H
50 mith_w¥— 8
—
15 mith | O E
&
1om: 5 mith

L

Drawings may not be to scale.

Use the Law of Cosines to find |g|, the ground
speed of the glider.
¢t =a® +b* —2abcosH

lg|” =157 +5% - 2(15)(5)cos 30

lg| = /157 +5% = 2(15)(5) cos 30

lg] =10.9588

The ground speed of the glider is approximately 11.0
mi/h.

ANSWER:
about 11.0 mi/h

37. CURRENT Kaya is swimming due west at a rate

of 1.5 meters per second. A strong current is flowing

eSolutions Manual - Powered by Cognero

S20°E at a rate of 1 meter per second. Find Kaya’s
resulting speed and direction.

SOLUTION:
Draw a diagram to represent Kaya and the current.

The compliment & to the angle created by the current
at S20°E measures 90 — 20 or 70°.

Translate the vector representing the current as
shown and draw the resultant vector g representing
Kaya’s resulting speed and direction.

M
1.5 mfs Tg R

1.0 m-‘s’)‘/ .
g
g

leom: 1 mis

Use the Law of Cosines to find |g|, the ground
speed of the glider.

¢ =a +h" - 2abcos

lg|" = 1.5% +1.0° = 2(1.5)(1.0)cos 70

lg) = /1.5° +1.0° = 2(1.5)(1.0)cos 70’

=1.4913

Kaya’s resulting speed is about 1.49 meters per
second.

The heading of the resultant g is represented by
angle a, as shown. To find o, first calculate y using
the Law of Sines.

v
_ 1.5 m's T@
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8-1 Introduction to Vectors

Drawings may not be to scale.

sin ¥ E sinf

Il b

sin il gin 70
10 149

: 1.0-51n 70

siny=————

1.449 Remove the axes.
 L0-sin 70

|.49

¥ =sin :

¥ = 30,059

The measure of a is 90° — v, which is about 50.94. .
Therefore, the speed of Kaya is about 1.49 meters '
per second at a bearing of S51°W.

ANSWER:

about 1.49 m/s at a bearing of S51°W ) )
The horizontal and vertical components of the vector

Draw a diagram that shows the resolution of form a right triangle. The angle € is 360° — 310° or
each vector into its rectangular components. 50°. Use the sine or cosine ratios to find the
Then find the magnitudes of the vector's magnitude of each component.

horizontal and vertical components.
38. 2% inches at 310° to the horizontal

SOLUTION:

Draw a vector to represent 2% inches at 310° to the

horizontal.
Drawings may not be to scale.

L J

E
cossl = q
2
b
|
x| = 2—cos 30
' 8
The vector can be resolved into a horizontal x| % 13659
component X and a vertical component Yy as shown. |},|
sin 50" = —-
2
3
l .
|3,-| = 2—sin 30
&
|}'| =] 6278
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8-1 Introduction to Vectors

The magnitude of the horizontal component is about
1.37 inches and the magnitude of the vertical

. . 1.5cm
component is about 1.63 inches. ¥
8
b1
ANSWER:
about 1.37 in.; about 1.63 in. Drawings may not be to scale.
]
X
cosdl = | | sindl = |v'
1.5 1.5
' |x|=15cos4l ly|=1.5sin41
|x|=1.1321 |y|= 0.9841
The magnitude of the horizontal component is about

1.13 centimeters and the magnitude of the vertical

. component is about 0.98 centimeter.
Drawing may not be to scale.

39. 1.5 centimeters at a bearing of N49°E ANSWER:
about 1.13 cm; about 0.98 cm
SOLUTION: 1.5¢m
g '
Draw a vector to represent 1.5 centimeters at a : 1’ \
bearing of N49°E. Eﬁ ¥
N I
1.5 em Drawing may not be to scale.
N49°E
0 . 40. 3.2 centimeters per hour at a bearing of S78°W
SOLUTION:
Draw a vector to represent 3.2 centimeters per hour
The vector can be resolved into a horizontal at a bearing of S78°W.

component X and a vertical component Y as shown.

. 1

— *
a— O E
3.2 codh STEW

The vector can be resolved into a horizontal

component X and a vertical component y as shown.
Remove the axes.

N
: 1 f?'l:m - x - T -
149°) Ye— % [0 E
! ’ 32 cmh SIS W
I
The horizontal and vertical components of the vector Remove the axes.

form a right triangle. The angle 6 is 90° — 49° or 41°.
Use the sine or cosine ratios to find the magnitude of

each component.
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8-1 Introduction to Vectors

41.

The horizontal and vertical components of the vector

form a right triangle. The angle 4 is 90° — 78° or 12°.
Use the sine or cosine ratios to find the magnitude of
each component.

X

¥ [’ I
L_' 3.2 c/h

Drawings may not be to scale.

|

sinl2 =
3.2

cosl2 = |x
32

|x|=3.2cos12 ly|=3.2sin12

x| =3.1301 ly| = 0.6653

The magnitude of the horizontal component is about
3.13 centimeters per hour and the magnitude of the
vertical component is about 0.67 centimeter per
hour.

ANSWER:
about 3.13 cm/h; about 0.67 cm/h

Drawing may not be to scale.

-~

Zinch per minute at a bearing of 255°

SOLUTION:

.

3. :
Draw a vector to represent i inch per minute at a

bearing of 255°.

eSolutions Manual - Powered by Cognero

The vector can be resolved into a horizontal
component X and a vertical component y as shown.

= inJmin
3

The horizontal and vertical components of the vector

form aright triangle. The angle 0 is 270° — 255° or
15°. Use the sine or cosine ratios to find the
magnitude of each component.

X

yf‘gtg

:1 it min

Drawings may not be to scale.

|
cosl3 :|ﬂ sinl3 :M
3 3
A +
|x:—§m$|5 |}f:—%$in|5
x| = 0.7244 ly| = 0.1941

The magnitude of the horizontal component is about
0.72 inch per minute and the magnitude of the
vertical component is about 0.19 inch per minute.

ANSWER:
about 0.72 in./min; about 0.19 in./min
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42.

= inJmin
Drawing may not be to scale.

CLEANING Aiko is pushing the handle of a push
broom with a force of 190 newtons at an angle of
33° with the ground.

a. Draw a diagram that shows the resolution of this
force into its rectangular components.

b. Find the magnitudes of the horizontal and vertical
components.

SOLUTION:

a. Aiko is pushing the handle of the push broom
down with a force of 190 newtons at an angle of 33°
with the ground. Draw a vector to represent the
push broom.

H
190 N/”"
33°
.
o E
lem:50H

The vector can be resolved into a horizontal
component X and a vertical component y as shown.

2]

190 M

33°
o X
lem:50H

Remove the axes.
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43.

Drawings may not be to scale.

b. The horizontal and vertical components of the
vector form a right triangle. Use the sine or cosine
ratios to find the magnitude of each component.

120 H

332
) x

Drawings may not be to scale.

cos33 = |x| sin 33 =|,,r
190 T 190
|x| = 190cos 33 ly| = 190sin 33
|x| = 159.347 ly| =103 481

The magnitude of the horizontal component is about
159.3 newtons and the magnitude of the vertical
component is about 103.5 newtons.

ANSWER:
a.

Drawing may not be to scale.
b. about 159.3 N; about 103.5 N

FOOTBALL For a field goal attempt, a football is
kicked with the velocity shown in the diagram below.
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a. Draw a diagram that shows the resolution of this
force into its rectangular components.

b. Find the magnitudes of the horizontal and vertical
components.

SOLUTION:

a. The football is kicked 90 feet per second at 30° to
the horizontal. Draw a vector to represent the
football.

N
E

o0 ﬁ.-rs/

30°
]
1 ocm: 30 fifs

The vector can be resolved into a horizontal
component X and a vertical component Y as shown.

lom: 30 fifs

Remove the axes.

90 is

% 30"
]
1.cm : 30 ftfs

Drawings may not be to scale.

b. The horizontal and vertical components of the
vector form a right triangle. Use the sine or cosine
ratios to find the magnitude of each component.
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44,

Q0 ftfs ’T
¥
a0* il
X

Drawings may not be to scale.

x| lv|
cos30 == in30 =2
90 S o 90
x| = 90cos 30 ly| = 90sin 30

= ]

x| =au[£] |y|=uufl |

| 2 \2)
x| = 4543 [v|=45

The magnitude of the horizontal component is 45 3
or about 77.9 feet per second and the magnitude of
the vertical component is 45 feet per second.

ANSWER:
a.
901vs
¥
y 30° il
1
1cm:30M's

Drawing may not be to scale.
b. 45+/3 ft/s or about 77.9 ft/s; 45 ft/s

GARDENING Carla and Oscar are pulling a wago

pulls on the wagon with equal force at an angle of 30
wagon. The resultant force is 120 newtons.

a. How much force is each person exerting?

b. If each person exerts a force of 75 newtons, wha
C. How will the resultant force be affected if Carla
together?

SOLUTION:
a. Draw vectors to represent Carla and Oscar pullin

Page 22



8-1 Introduction to Vectors

Catla

Cgcar

Translate the vector representing Oscar so that its ta
vector representing Carla. Then draw the resultant v
has a force of 120 N. The two angles formed by the
forces exerted by Carla and Oscar are both 30°. The
and Oscar’s forces is 120°.

Catla

120°
a0® 30°
120 W
Drawings may not be to scale.

Dacar

Use the Law of Sines to find the magnitude of Oscar
sin30°  sinl20
x 120

1208030 = xgin 120

120-5in 30
sin 120
69282 = x

Since Carla and Oscar are pulling on the wagon with
pulling with a force of about 69 newtons.

b. Draw vectors to represent Carla and Oscar pullin
force of 75 newtons.

Catla

Translate the vector representing Oscar so that its ta
vector representing Carla. Then draw the resultant v
formed by the axis of the wagon and the forces exer
both 30°. The angle that joins Carla’s and Oscar’s fo

eSolutions Manual - Powered by Cognero

Catla

T5H 120 3H
a0 a0*

Ozcar
lem 245 W
Drawings may not be to scale.

Use the Law of Cosines to find the magnitude of the
¢’ =a® +b° —2abcosH

et =T34+ 75 = 2(75)(75)cos120

c=475 +75 = 2(75)(75)cos120

o= 20004
The resultant force is about 130 newtons.

C. Let a be the angles created by the axis of the wag
and Oscar.

Cgcar

Translate the vector representing Oscar so that its ta
vector representing Carla. Then draw the resultant v
formed by the axis of the wagon and the forces exer
both a. The angle that joins Carla’s and Oscar’s forc

150° - i

Carla A‘I Oscar

Drawings may not be to scale.

As Oscar and Carla move closer together, a decreas
third angle of the triangle, 180° — 2a, increases. Due

in triangles, as one angle in a triangle increases, the s
also increase. Thus, if Carla and Oscar move closer

would be greater.
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ANSWER:

a. about 69 N
b. about 130 N
c. It would be greater.
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45.

The magnitude and true bearings of three
forces acting on an object are given. Find the
magnitude and direction of the resultant of
these forces.

50 Ib at 30°, 80 Ib at 125°, and 100 Ib at 220°

SOLUTION:

Leta=501bat30°, b=801bat 125°,and c =100 Ib
at 220°. Draw a diagram to represent @, b, and ¢
using a scale of 1 cm : 20 Ib.

AN
a
S 25em
- le >
P E
y dem
Jom i b
&
.
e
. lem: 201

Translate b so that its tail touches the tip of a. Then,
translate C so that its tail touches the tip of b. Finally,
draw the resultant vector a + b +c.

H

ath+
4

lem:20 b
Drawings may not be to scale.

Measure the length of a + b + ¢ and then measure
the angle this vector makes from north.

The length of the vector is approximately 4.2
centimeters, which is 4.2 x 20 or 84 pounds.
Therefore, the resultant is about 84 pounds at a
bearing of 162°.

ANSWER:
84 1b at 162°
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46. 8 newtons at 300°, 12 newtons at 45°, and 6 newtons

at 120°

SOLUTION:

Leta=8 N at300°,b=12Nat45°, andCc =6 N at
120°. Draw a diagram to represent a, b, and ¢ using
ascaleoflcm:4N.

1]
s b Iem
2 om i
O g~alSem E
lem:d4H

Translate b so that its tail touches the tip of a. Then,
translate ¢ so that its tail touches the tip of b. Finally,
draw the resultant vector a+ b +c.

ath+e

lem:-4H ‘l_
Drawings may not be to scale.

Measure the length of a + b + ¢ and then measure
the angle this vector makes from north.

The length of the vector is approximately 2.9
centimeters, which is 2.9 x 4 or 11.6 newtons.
Therefore, the resultant is about 11.6 newtons at a
bearing of 35°.

ANSWER:
11.6 N at 35°
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47.

48.

18 1b at 190°, 3 Ib at 20°, and 7 1b at 320°

SOLUTION:

Leta=181bat190°,b=31bat20° andCc =7 Ibat
320°. Draw a diagram to represent 8, b, and € using
ascaleof 1cm: 3lb.

Ha
'b\':" .
23em N\ A,
i 0 E
6 cem
lem:3 b

Translate b so that its tail touches the tip of a. Then,
translate C so that its tail touches the tip of b. Finally,
draw the resultant vector a + b + c.

H4

a+h+e

ja lem:3h
" f

b
L \‘
!'""

¥
Drawings may not be to scale.

Measure the length of a + b + ¢ and then measure
the angle this vector makes from north.

The length of the vector is approximately 3.9
centimeters, which is 3.9 x 3 or 11.7 pounds.
Therefore, the resultant is about 11. 7 pounds at a
bearing of 215°.

ANSWER:
11.71b at 215°

DRIVING Carrie’s school is on a direct path three
miles from her house. She drives on two different
streets on her way to school. She travels at an angle
of 20.9° with the path on the first street and then
turns 45.4° onto the second street.
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it Camie's
§ Comic's @ a5 echod B
9. house g S ®
g4 T

a. How far does Carrie drive on the first street?

b. How far does she drive on the second street?

C. If it takes her 10 minutes to get to school, and she
averages 25 miles per hour on the first street, what
speed does Carrie average after she turns onto the
second street?

SOLUTION:

a. The direct path and the streets that Carrie uses to
arrive at school form a triangle.

The remaining angle 6 is 24.5°. Use the Law of
Sines to find the magnitude of a.

sin24.5"  sinl34.6
a 3

3-sm24.5 =asinl34.6

3-5mn24.5 -
sinl346
17472 ~a

Carrie drives about 1.75 miles on the first street.

b. Use the Law of Sines to find the magnitude of b.
sin20.9°  sinl34.6
b 3

3-5m20.9 =bsinl34.6

3-5in 20.9
sinl34.6

1.5031=b
Carrie drives about 1.5 miles on the second street.

C. On the first street, Carrie drives about 1.75 miles
at an average rate of 25 miles per hour. Use d = rt
to find the time t that Carrie took to drive on the first
street.
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d=rt
1.75 =25¢

007 =t

Carrie traveled on the first street for about 0.07
hour. This means that Carrie traveled 0.07 < 60 or
4.2 minutes on the first street. It also means that
Carrie traveled 10 — 4.2 or 5.8 minutes on the
second street. Since the rate that is desired is miles
per hour, convert 5.8 minutes to hours by using t =

58 . 58 )
—— . Substitutet= — andd =1.5intod = rt and
60 ]

solve forr.
d=r

4
| 5= ,-L _,'{} J

15517 =r
Carrie averages a speed of about 15.5 miles per hour
on the second street.

=i
ol

==,

ANSWER:

a. about 1.75 mi
b. about 1.5 mi
C. about 15.5 mi/h
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49.

50.

SLEDDING TIrwin is pulling his sister on a sled.
The direction of his resultant force is 31°, and the
horizontal component of the force is 86 newtons.
a. What is the vertical component of the force?
b. What is the magnitude of the resultant force?

SOLUTION:

a. Let v represent the vertical component of the
force and r represent the magnitude of the resultant
force.

3°
B6 newtons

Use the tangent ratio to find v.

tan31l = |v|
ah
|v| =#botan3|
|v| =5].674

The vertical component of the force is about 52
newtons.

b. Use the cosine ratio to find r.

cosil' =—
I

|r| cos3l =86

86
cos3l

Ir|=

Ir|%100.33

The magnitude of the resultant force is about 100
newtons.

ANSWER:

a.about 52 N
b. about 100 N

MULTIPLE REPRESENTATIONS In this
problem, you will investigate multiplication of a
vector by a scalar.

a. GRAPHICAL On a coordinate plane, draw a
vector a so that the tail is located at the origin.
Choose a value for a scalar k. Then draw the vector
that results if you multiply the original vector by k on
the same coordinate plane. Repeat the process for
four additional vectors b, ¢, d, and e. Use the same
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value for k each time.
b. TABULAR Copy and complete the table below
for each vector you drew in part a.

Terminal Point
of Vector x k

Terminal Point

sl of Vector

- S e | e &

c. ANALYTICAL If the terminal point of a vector
ais located at the point (a, b), what is the location of
the terminal point of the vector ka?

SOLUTION:

a. Sample answer: Draw vector a so that its tail is
located at the origin and its terminal point is located
at (2, 4).

¥ [ ]

Let k = 2. Multiply a by k. To represent 2a, draw a
vector 2 times as long as a in the same direction as
a. Graph 2a on the same coordinate plane as a.

¥ S 111
r EEE

) i

Draw vector b so that its tail is located at the origin
and its terminal point is located at (0, 3).
EEBRIIBEE

Let k = 2. Multiply b by k. To represent 2b, draw a
vector 2 times as long as b in the same direction as
b. Graph 2b on the same coordinate plane as b.
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]
[« X

Draw vector ¢ so that its tail is located at the origin
and its terminal point is located at (-1, 2).

[ X

Let k = 2. Multiply ¢ by k. To represent 2c, draw a
vector 2 times as long as ¢ in the same direction as
C. Graph 2c on the same coordinate plane as C.

¥

| X

Draw vector d so that its tail is located at the origin
and its terminal point is located at (-2, —2).
¥

Let k =2. Multiply d by k. To represent 2d, draw a
vector 2 times as long as d in the same direction as
d. Graph 2d on the same coordinate plane as d.

¥

Draw vector € so that its tail is located at the origin
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and its terminal point is located at (3, —1).
¥

Let k =2. Multiply e by k. To represent 2€, draw a
vector 2 times as long as e in the same direction as
e. Graph 2¢e on the same coordinate plane as €.

¥

b. Sample answers: Analyze the graphs to find the
terminal points of the vectors. The terminal point of a
is (2, 4) and the terminal point of 2a is (4, 8).

The terminal point of b is (0, 3) and the terminal
point of 2b is (0, 6).

The terminal point of C is (—1, 2) and the terminal
point of 2C is (-2, 4).

The terminal point of d is (-2, —2) and the terminal
point of 2d is (—4, —4).

The terminal point of € is (3, —1) and the terminal
point of 2e is (6, —2).

Terminal Point | Terminal Point
veclor | " ofVector | of Vector x k
a (2, 4) (4, 8)
b (0, 3) (0, 6)
c (—1,2) (-2, 4)
d (-2, =2) (—4, —4)
¢ (3, —1) (6, =2)

C. The terminal point of 2ais (4, 8) or (2 - 2,2 - 4).
The terminal point of 2b is (0, 6) or (2 - 0,2 - 3). The
terminal point of 2C is (-2,4) or (2 - —1,2 - 2). The
terminal point of 2d is (-4, —4) or (2 - —2,2 - —2).
The terminal point of 2e is (6, —2) or (2 - 3,2 - —1).
To find the terminal point of the new vector, we can
multiply the coordinates of the terminal point of the
original vector by 2 or k. Thus, if the terminal point
of vector a is located at the point (a, b), the location
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of the terminal point of the vector ka is (ka, kb). resultant vector. It balances a combination of
vectors such that the sum of the vectors and

ANSWER: the equilibrant is the zero vector. The

a. Sample answers: k = 2 equilibrant vector of a + b is —(a + b).

¥ ] ' b

[ 1A
N\
114 .

| e

A —la +h"‘n

Find the magnitude and direction of the
V] : equilibrant vector for each set of vectors.

. : 51. a= 15 miles per hour at a bearing of 125°
Eh b = 12 miles per hour at a bearing of 045°

SOLUTION:

| Draw a diagram to represent a and b using a scale
o g of 1.cm : 4 mi/h.

_.._i-,;.ﬂ.;.__.:_._._._, 1cm:4 mih

[FRPE R RN ¥ S T —

g

¥ ] The angle created by a and the x-axis is 35°. Draw a
' horizontal where the tip of @ and the tail of b meet,

| as shown. b makes a 45° angle and & makes a 35°
St - angle with the horizontal. Thus, the angle created by
a1 | aand b is 100°.

e -

Draw the resultant a + b. The three vectors form a
T T 11 triangle.

a+b

o
o

- =g

| <= 15 mih 12 mim

b. Sample answers are given.

Terminal Point | Terminal Point

Vector Drawings may not be to scale

of Vector of Vector x k

a (2, 4) (4, 8) : , :
» (0,3) (0, 6) Use the Law of Cosines to find the magnitude of a +
‘ (=1, 2) =2, 4) b.
d (=2, =2) (-4, -4)
. (3, -1) (6, -2)
C. (ka, kb)

An equilibrant vector is the opposite of a
eSolutions Manual - Powered by Cognero Page 29
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¢ =a +h” = 2abcosd

la+b|" =15" +12° - 2(15)(12) cos 100

la+b| = /157 +12° = 2(15)(12) cos 100

=20.77
Use the Law of Sines to find the angle opposite of b.
sinlO0  sinB
2077 12
125 100 ik 9

20.77

1251007
2077

3d68= 8

The angle opposite b is about 35°. (Note that is is not
exactly 35°, so a + b is actually slightly below the x-
axis.)

To find the bearing of a + b, subtract 35° from 125°.
Thus, the direction of a + b is a bearing of 90°. Since
the equilibrant vector is the opposite of the resultant
vector, it will have a magnitude of about 20.77 mi/h
at a bearing of about 270°.

ANSWER:
about 20.77 mi/h at a bearing of 270°

52. a= 4 meters at a bearing of N30W°
b = 6 meters at a bearing of N20E°

SOLUTION:

Draw a diagram to represent a and b using a scale
of1cm:2m.
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lem:2m

The angle created by a and the y-axis is 30°. Draw a
vertical line where the tip of a and the tail of b meet,
as shown. b makes a 20° angle and @ makes a 30°
angle with the vertical line. Thus, the angle created
by aand b is 130°.

Draw the resultant a + b. The three vectors form a
triangle.
A H

Gmf lath

= 30

lem:2m

Drawings may not be to scale.

Use the Law of Cosines to find the magnitude of a +
b.

¢ =a +h° - 2abcosh

la+b| = 4% +6° —2(4)(6) cos130

la+b|=+/4° +6° - 2(4)(6)cos 130

=910
Use the Law of Sines to find the angle opposite of b.
sinl30°  sinB

9.10 (&
in 130 ;
Gsin 130 .
910
p Bsinl30°
910
3034=R8

The angle opposite b is about 30°. To find the
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53.

bearing of a + b, subtract 30° from 30°. Thus, the
direction of a + b is a bearing of 0° or due north.
Since the equilibrant vector is the opposite of the

resultant vector, it will have a magnitude of about 9.1

m at a bearing of about 180°.

equilibrant

180°

ANSWER:
about 9.1 m at a bearing of 180°

a =23 feet per second at a bearing of 205°
b = 16 feet per second at a bearing of 345°

SOLUTION:

Draw a diagram to represent a and b using a scale
of 1 cm: 5 ft/s.

'b\ .j]*?.*';‘

..... A AT

H

B

21‘_"50 [=3

The angle created by a and the y-axis is 205° — 180°
or 25°. Draw a horizontal where the tip of @ and the
tail of b meet, as shown. Since a forms a right
triangle with the horizontal and the y-axis, the angle
created by a and the horizontal is 180° — 90° — 25°
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or 65°. b is at a bearing of 345°, so the angle created
by b and the horizontal is 345° — 270° or 75°. Thus,

the angle created by a and b is 180° — 75° — 65° or
40°.

Draw the resultant a + b. The three vectors form a
triangle.

Drawings may not be to scale.

Use the Law of Cosines to find the magnitude of a +
b.

¢ =a +h" - 2abcos

la+b|" =237 +16° - 2(23)(16)cos 40

|a+b| =4/23° +167 - 2(23)(16) cos 40

=14 .87
Use the Law of Sines to find the angle opposite of b.
sind  sinB
1487 16
16sin 40 N
14.87
p 16sind0)
14 87
4376= 8

The angle opposite b is about 44°. To find the
bearing of a + b, add 44° to 205°. Thus, the direction
of a + b is a bearing of 249°. Since the equilibrant
vector is the opposite of the resultant vector, it will
have a magnitude of about 14.87 ft/s at a bearing of
about 249° — 180° or 69°.

Page 31



8-1 Introduction to Vectors

54.

69°
T A}mm

ANSWER:
about 14.87 ft/s at a bearing of 69°

PARTY PLANNING A disco ball is suspended
above a dance floor by two wires of equal length as
shown.

a. Draw a vector diagram of the situation that
indicates that two tension vectors T, and T, with

equal magnitude are keeping the disco ball stationary
or at equilibrium.

b. Redraw the diagram using the triangle method to
find T, + T,.

C. Use your diagram from part b and the fact that
the equilibrant of the resultant T, + T, and the
vector representing the weight of the disco ball are
equivalent vectors to calculate the magnitudes of T,

and T2.

SOLUTION:
a. Draw a diagram to represent T4, T,, and the
disco ball.

1210

The wires are exerting an equal force away from the
disco ball at 15° angles with the horizontal, as shown.
The disco ball is exerting a force of 12 pounds
downward.

eSolutions Manual - Powered by Cognero

12 Ih

b. Translate T, so that its tail touches the tip of T .
Then draw the resultant vector T, + T,, as shown.

Tz

T+ Ty
T

C. The three vectors, T,, T,,and T, + T,, form a
triangle. Draw a horizontal that touches the tail of

Since the equilibrant of T, + T, and the vector

representing the weight of the disco ball are
equivalent vectors, T, + T, is exerting a force of 12

Ib upward. The angle created by T, and the
horizontal is 15°. Since the direction of T + T, is
upward, T, + T, creates a right angle with the
horizontal. Thus, the angle created by T, and T, +
T,is90° — 15° or 75°. Since T, = T, the triangle is
isosceles and the angle created by T, and T, + T, is

also 75°. The remaining angle of the triangle is 180°
—75° —75° or 30°.
Use the Law of Sines to find the magnitude of T .

sin 75 _s'mf-‘utll
T~

1
125in 75" =T, sin 30
[25in 75
sin 30

231822~ T,
Since T, and T, are equal in length, they both have
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55.

the same magnitude. Thus, T, ~23.2lband T, =
23.2 Ib.

ANSWER:
a.
T T
12 1h

b.

Tz

T1+Ta
T

c.T;=2321b, T,=2321b

CABLE SUPPORT Two cables with tensions T1

and T, are tied together to support a 2500-pound
load at equilibrium.

A 25001

a. Write expressions to represent the horizontal and
vertical components of T, and T,

b. Given that the equilibrant of the resultant T, + T,
and the vector representing the weight of the load
are equivalent vectors, calculate the magnitudes of
T, and T, to the nearest tenth of a pound.

C. Use your answers from parts @ and b to find the
magnitudes of the horizontal and vertical components

of T, and T, to the nearest tenth of a pound.

SOLUTION:

a. Sample answers: Diagram each cable with its
vertical and horizontal components. Label the
components and the angles as shown.
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/145
 Tay
T, s

Tx

Use the sine or cosine ratios to find expressions to
represent the vertical and horizontal components of

T,

T, T
cos6y =1 sinf3 = —L
T, T

T, cos65 =T,, Tsm65 =T,

Use the sine or cosine ratios to find expressions to
represent the vertical and horizontal components of

- T a a8 T'F

c0s35 === sin35' = =2
T, T

T,cos35 =T, [sin35 =T,,

T1x = Tl cos 65°; le = T1 sin 65°; T2X = T2 cos
350; Tal = T2 sin 35°

b. Since the equilibrant of T, + T, and the vector

representing the weight of the load are equivalent
vectors, T, + T, is exerting a force of 2500 Ib

upward. Draw the resultant T, + T, by translating

T, so that its tail touches the tip of T,. Label the
angles as shown.

35*

' T+ T

, 25°

Use the Law of Sines to find the magnitude of T,
and T,.
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sin 35 N sin 100 sin 25 N sin 100
= =

2500 T, 2500

2500sin 35" =T, sin 100 2500sin 25 = T. sin 100

2500sin 55 2500sin 25"
sin 100 : sinl00°  °
20795=T, 10728~ T,

T, is about 2079.5 pounds and T, is about 1072.8
pounds.

C. Substitute T, =2079.5and T, = 1072.8 into the
equations found in part a.

T,, =T, cos65 T,, =T, sin65

T,, = 2079 5c0s65 T,, = 2079.5sin 65

T, ~878.8 T, ~1884.7

T, =T, cos35 T,, =T, sin35

T, =10728c0os35 T, =10728sin35

T, ~878.8 T, ~6153
T, is about 878.8 pounds, le is about 1884.7

pounds, T, is about 878.8 pounds, and Ta, is about
615.3 pounds.

ANSWER:

a. Sample answers: T,, = T, cos 65° le =T, sin
65% Toy =Ty cos 35% Ty, =T, sin 35°

b. T, ~2079.51b; T, ~1072.8 Ib

C. Ty =87881b; Ty = 1884.7 Ib; T, =~ 878.8 Ib;

sz ~61531b
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56.

Find the magnitude and direction of each vector
given its vertical and horizontal components
and the range of values for the angle of
direction @ to the horizontal.

horizontal: 0.32 in., vertical: 2.28 in., 90° < 8 < 180°

SOLUTION:

Since 90° < 8 < 180°, the vector I will be in the
second quadrant. Thus, the horizontal component
must go left and the vertical component must go up.
Diagram the components and the vector .

‘[‘ &N

2B in

8
0.32 in¥®2 E

Drawing may not be to scale.

To find the magnitude of r, use the Pythagorean
Theorem.

a +hi=¢"
0.32° +2.28° =|rf’

VJ0.32% +228° =|r|

Use the tangent ratio to find 6.
_ 228
032
2.28

1 i

0,32
& =8201

& = tan

6 is about 82°. Thus, the vector is about 2.3 inches at
180° — 82° or 98° to the horizontal.

ANSWER:
about 2.3 in. at 98°
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57. horizontal: 3.1 ft, vertical: 4.2 ft, 0° < § < 90°

SOLUTION:

Since 0° < 0 < 90°, the vector I will be in the first
quadrant. Thus, the horizontal component must go
right and the vertical component must go up.
Diagram the components and the vector r.

H

iR T E
lem:1 R

Drawing may not be to scale.

To find the magnitude of r, use the Pythagorean
Theorem.

a’+b’ =¢’

3.7 +4.2% =t
V3E+4.2% =|r]
52|

Use the tangent ratio to find 6.
42

tan & = —
31

e
[

#=tan"

o

&= 33,57

0 is about 54°. Thus, the vector is about 5.2 feet at
54° to the horizontal.

ANSWER:
about 5.2 ft at 54°

eSolutions Manual - Powered by Cognero

58. horizontal: 2.6 cm, vertical: 9.7 cm, 270° < 6 < 360°

SOLUTION:

Since 270° < 6 < 360°, the vector  will be in the
fourth quadrant. Thus, the horizontal component

must go right and the vertical component must go
down. Diagram the components and the vector r.

g I
26 em -

L
-
Oofe E

rl 9.7 em

v
¥

Drawing may not be to scale.

To find the magnitude of r, use the Pythagorean
Theorem.

a +bh*=¢"
2.6°+9.7 =t
N2.6° +9.7 =|r|
10.0 =|r|
Use the tangent ratio to find 6.
9.7
tan & = —
26
9.7
& =tan™ —
i)
& =7500

6 is about 75°. Thus, the vector is about 10
centimeters at 360° — 75° or 285° to the horizontal.

ANSWER:
about 10 cm at 285°
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59. horizontal: 2.9 yd, vertical: 1.8 yd, 180° < 8 < 270°

SOLUTION:

Since 180° < ¢ < 270°, the vector I will be in the
third quadrant. Thus, the horizontal component must
go left and the vertical component must go down.
Diagram the components and the vector r.

lem:1 yd
Drawing may not be to scale.

To find the magnitude of r, use the Pythagorean
Theorem.

a:‘ +|;J: - L':
29" +1.8 =|r[’
V2.9 +1.8° =t
3.4x|ri
Use the tangent ratio to find 6.
[.8
tmg:;
29
8
£ =tan e 18
29
=31 83

6 is about 32°. Thus, the vector is about 3.4 yards at
180° + 32° or 212° to the horizontal.

ANSWER:
about 3.4 yd at 212°

eSolutions Manual - Powered by Cognero

60.

Draw any three vectors a, b, and c. Show
geometrically that each of the following vector
properties holds using these vectors.
Commutative Property: a+b=b +a

SOLUTION:
Sample answer: Draw two vectors, a and b.

/ ‘
For (a + b), translate b so that its tail touches the tip
of a. Then draw the resultant vector (a + b). For (b

+ a), translate a so that its tail touches the tip of b.
Then draw the resultant vector (b + a).

- -

The resultants are equivalent vectors. Thus, the
Commutative Property holds.

ANSWER:
Sample answer:

- -
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61.

62.

Associative Property: (a+b)+c=a+ (b +¢)

SOLUTION:
Sample answer: Draw three vectors, &, b, and c.

N

For (a + b) + c, translate b so that its tail touches the
tip of a. Then translate C so that its tail touches the
tip of b. Finally, draw the resultant vector (a + b) +
c. For a+ (b + c), translate ¢ so that its tail touches
the tip of b. Then translate a so that its tail touches
the tip of c. Finally, draw the resultant vector a + (b
+C).

The resultants are equivalent vectors. Thus, the
Associative Property holds.

ANSWER:
Sample answer:

Distributive Property: k(a + b) = ka + kb, for k = 2,
0.5,and -2

SOLUTION:
Sample answers: Draw two vectors, a and b.

o

N\

Let k = 2. Show that 2(a + b) = 2a + 2b.

For 2(a + b), start by finding a + b by translating b
so that its tail touches the tip of a. Draw the resultant
vector (a + b). Repeat the process starting by
translating a so that its tail touches the tip of (a + b).

Then translate b so that its tail touches the tip of a.
Finally, draw the resultant vector 2(a + b).

eSolutions Manual - Powered by Cognero

For 2a + 2D, start with two a vectors and two b
vectors. Translate one a so that its tail touches the
tip of the other a. Then take one b and translate it so
its tail touches the tip of the second a. Take the
second b and translate it so its tail touches the tip of
the first b. Finally, draw the resultant vector 2a + 2b.

Let k =0.5. Show that 0.5(a + b) = 0.5a + 0.5b.
For 0.5(a + b), start by finding a + b by translating b
so that its tail touches the tip of a. Draw the resultant
vector (& + b). Then, draw a vector 0.5 the length of
(a+ b) in the same direction as (a + b).

a b

0.5(a+h)

For 0.5a + 0.5b, draw a vector 0.5 the length of ain
the same direction as a. Repeat the process for b.
Then, translate the new b so that its tail touches the
tip of the new a. Finally, draw the resultant vector
0.5a + 0.5b.
0.5a 0.5b
e e
0.5a + 0.5b

Let k = —2. Show that —2(a + b) = —2a + (-2)b.

For —2(a + b), start by finding a + b by translating b
so that its tail touches the tip of a. Draw the resultant
vector (a + b). Then, draw a vector 2 times as long
as (a + b) in the opposite direction from (a + b).

For —2a + (—2)b or —2a — 2b, start with two a
vectors that are drawn in the opposite direction from
a and two b vectors that are drawn in the opposite
direction from b. Translate one a so that its tail
touches the tip of the other a. Then take one b and
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translate it so its tail touches the tip of the second a.
Take the second b and translate it so its tail touches
the tip of the first b. Finally, draw the resultant
vector —2a — 2b.

The resultants are equivalent vectors. Thus, the
Distributive Property holds.

ANSWER:
Sample answers:

k=05
a b
/\ % -
________ o T,
——— 05a+05b
05(a+b)
k=-2
a b
-------- &
......... e =
Bl =2(a+h)

eSolutions Manual - Powered by Cognero

63. OPEN ENDED Consider a vector of 5 units
directed along the positive x-axis. Resolve the vector
into two perpendicular components in which no
component is horizontal or vertical.

SOLUTION:

Sample answer: Start by drawing a vector of 5 units
along the positive x-axis. Sketch two components of
the vector that are neither horizontal nor vertical and
are joined by a right angle.

Ty 5 undts
&

4 — *
O x
.-"'/
o
.-"’-f-'
o

lem: 1 unit

The triangle formed by the three vectors is a right
triangle with a hypotenuse of length 5 units.
Sketching the components so that the blue
component is of length 3 units allows for the length
of the green component to be found using the
Pythagorean Theorem.

a +b°=¢"
F+b =5
9+b° =25
b =16
b=44

Since the component cannot have a negative length,
the length of the green component is 4 units. Sketch
the vector with its two perpendicular components
without the axes.

9 units

N

a

3 units 4 wilts

Drawing may not be to scale.

ANSWER:
Sample answer:

9 units

N

a

3 units 4 wilts
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64. REASONING s it sometimes, always, or never

possible to find the sum of two parallel vectors using
the parallelogram method? Explain your reasoning.
SOLUTION:

Start by drawing two parallel vectors a and b.

a

e
L

h
_—

Translate b so that its tail touches the tail of a.
h a

T e
L L

Never; sample answer: If two vectors are parallel,
then they share the same direction. If you place the
two vectors so that their initial points coincide, they
would be superimposed and there would be no angle
between them. Thus, it would be impossible to
complete the parallelogram.

ANSWER:

Never; sample answer: If two vectors are parallel,
then they share the same direction. If you place the
two vectors so that their initial points coincide, they
would be superimposed and there would be no angle
between them. Thus, it would be impossible to
complete the parallelogram.

eSolutions Manual - Powered by Cognero

65. REASONING Why is it important to establish a

common reference for measuring the direction of a
vector, for example, from the positive x-axis?

SOLUTION:

Sample answer: In order for the direction to have a
consistent meaning, it must be measured using a
common reference. Lack of a common reference
would cause ambiguity in the reporting of the
direction of the vector. For example, the direction of
vector a can be measured as N30°E or 60° to the
horizontal depending on the reference established for
measurement.

&
MZ0°E !

AT
Oy E

ANSWER:

Sample answer: In order for the direction to have a
consistent meaning, it must be measured using a
common reference. Lack of a common reference
would cause ambiguity in the reporting of the
direction of the vector.
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66.

67.

CHALLENGE The resultant of a + b is equal to
the resultant of a — b. If the magnitude of a is 4x,
what is the magnitude of b?

SOLUTION:

Draw vector a with a magnitude of 4x and vector b
with a magnitude ofy.

Draw a + b by translating b so that its tail touches
the tip of a. Then draw the resultant vector a + b.

Draw a— b. To represent —b, draw a vector the
same length as b in the opposite direction from b.
Then translate —b so that its tail touches the tip of a.
Finally, draw the resultant vector a — b,

In order for a + b to equal a — b, b would have to be
equal to —b. This only occurs when b is the zero
vector. Therefore, the magnitude of b is 0.

ANSWER:
0

REASONING Consider the statement |a |+ | b |>
la+Db].
a. Express this statement using words.

b. Is this statement true or false? Justify your
answer.

SOLUTION:

a. The magnitude of a added to the magnitude of b is
greater than or equal to the magnitude of the vector
created by a + b.

b. True; sample answer: The vector created by a +
b has to account for the direction of both vectors.

eSolutions Manual - Powered by Cognero

This can result in a very small magnitude, | a + b |, if
a and b have opposite directions. Calculating the sum
of the magnitudes, | a | + | b |, will result in the
greatest possible value because direction is not being
considered. This value can only be achieved by | a +
b | if aand b are parallel vectors with the same
direction.

For example, draw two vectors a and b that have
different directions and find [a+ b |.

h
a+h A 2.4dcm
12em / i
=y
320m

|a+Db|=1.8cm. However,|a|+|b|is2.4+3.2
or5.6.50,|a|+|b|>|a+b|holdstrue. To
further test the inequality, draw a and b so that they
have the same direction and find |a + b |.

a+h Jhcom
-f/;"-ﬂ:h

g 32com
Drawings may not be drawn to scale.

Here, |a+b|=5.6 cm. The inequality [a |+ |b | >]
a + b | still holds true.

ANSWER:

a. The magnitude of a added to the magnitude of b is
greater than or equal to the magnitude of the vector
created by a + b.

b. True; sample answer: The vector created by a +
b has to account for the direction of both vectors.
This can result in a very small magnitude, | a + b |, if
a and b have opposite directions. Calculating the sum
of the magnitudes, | a | + | b |, will result in the
greatest possible value because direction is not being
considered. This value can only be achieved by | a +
b | if aand b are parallel vectors with the same
direction.
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68. ERROR ANALYSIS Darin and Cris are finding

the resultant of vectors a and b. Is either of them
correct? Explain your reasoning.

Darin Chris
& a
b
b a4b a+bh
SOLUTION:

Cris is correct. Cris placed the initial point of the
second vector on the terminal point of the first vector
and then drew the resultant from the initial point of
the first vector to the terminal point of the second
vector, which is the correct way to use the triangle
method. Darin placed the initial points of the two
vectors together, which is the first step in using the
parallelogram method, but then he did not complete
the parallelogram. For Darin to also be correct, he
would have to complete the parallelogram and then
draw the resultant vector, which is the diagonal of
the parallelogram.

Darin

Chris

a+h

ANSWER:

Cris; sample answer: Cris placed the initial point of
the second vector on the terminal point of the first
vector and then drew the resultant from the initial
point of the first vector to the terminal point of the
second vector, which is the correct way to use the
triangle method. Darin placed the initial points of the
two vectors together, which is the first step in using
the parallelogram method, but then he did not
complete the parallelogram.

eSolutions Manual - Powered by Cognero

69. REASONING s it possible for the sum of two

70.

vectors to equal one of the vectors? Explain.

SOLUTION:

Yes; sample answer: It is possible for the sum of
two vectors to be equal to one of the components
only when one of the vectors is the zero vector. For
example, draw two vectors a and b, where neither
vector is the zero vector and a and b have the same

— e S a+h
a a =

In this instance, (@) + (b) = (a + b). However, if we
let b equal to the zero vector, then (a) + (b) = (a +

b) = (a), as shown.
—— b

———— e
s -1-..-_.._,___"._

a -

ANSWER:

Yes; sample answer: It is possible for the sum of
two vectors to be equal to one of the components
only when one of the vectors is the zero vector.

Writing in Math  Compare and contrast the
parallelogram and triangle methods of finding the
resultant of two or more vectors.

SOLUTION:

Sample answer: Using the triangle method, you place
the initial point of subsequent vectors at the terminal
point of previous vectors and then draw the resultant
from the initial point of the first vector to the terminal
point of the last vector.

L
o

a+b

B

Using the parallelogram method, you place the initial
points of the two vectors at the same point, then
complete the parallelogram and draw the resultant
from the initial points of the two vectors to the
opposite vertex of the parallelogram.
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Both the triangle and parallelogram methods can be
used to find the resultant of two or more vectors.

ANSWER:

Sample answer: Using the triangle method, you place
the initial point of subsequent vectors at the terminal
point of previous vectors and then draw the resultant
from the initial point of the first vector to the terminal
point of the last vector. Using the parallelogram
method, you place the initial points of the two vectors
at the same point, then complete the parallelogram
and draw the resultant from the initial points of the
two vectors to the opposite vertex of the
parallelogram. Both the triangle and parallelogram
methods can be used to find the resultant of two or
more vectors.

eSolutions Manual - Powered by Cognero

71.

72.

KICKBALL Suppose a kickball player kicks a ball
at a 32° angle to the horizontal with an initial speed of
20 meters per second. How far away will the ball
land?

SOLUTION:

To determine the distance the ball travels, you need
the horizontal distance that the ball has traveled
when the ball hits the ground or when the height of
the ball is 0. First, write a parametric equation for the
vertical position of the ball.

; 1
y=m siné S8 i

=120)sin32 - %{u_mﬁ +0

Graph the equation for the vertical position. Use the
CALC menu to find the time t for when the ball will
hit the ground. The value is about 2.163 seconds.

kD
Dt LTt e T | —

[0,8]) =l 1 by [010] =l 1
Determine the horizontal position of the ball at 2.163
seconds.
x=1iv,cos
=2.163{20)cos32

= 36687
The ball will travel a distance of about 36.7 meters.

ANSWER:
36.7m

Graph (X')2 +y' — 5 =1 if it has been rotated 45°
from its position in the xy-plane.

SOLUTION:

Use the rotation formulas for x’ and y' to find the
equation of the rotated conic in the xy—plane.

X'=xcos f+ysind
X' =X cos 45° +V sin 45°

y'=y cos 8 —xsind
y' =Yy cos 45° — X sin 45°
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vl 4,
2

Substitute these values into the original equation.
(x) +y'-5=1

(£ ] (£
V2 2

X +y+=y +—y-——x-5=1
2 : 2} 2 4
x:+2xy+_1f2+v§}’-xﬁx-1ﬂ:2

r:+2xy+_1-':+~..l'§,}-'~ﬁx~12=ﬂ

Graph the equation by solving fory.
y2+(2x+1JE)y+x2— V2x-12=0

Use the quadratic formula.
| _ x4 V22 2x+12) -4 -V2x-12)
B 2(1)

- “2x =2 £ 445" + 42 +2 - 4" +42x +48

v_—zx—ﬁi\a'sq‘iwso

2
Use a graphing calculator to assist in graphing the

conic.
Y
d"[{ff +y-5=1
—38 —d\ | - 2x
= .
%B \‘lu
ANSWER
Y
d,{{x‘!}f +y-5=1
-8 —d\ | - \Eu'
= .
%B \‘"L
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73.

Write an equation for a circle that satisfies each
set of conditions. Then graph the circle.

center at (4, 5), radius 4

SOLUTION:

The center is located at (4, 5), soh =4 and k = 5.
The radius is 4, so r’ = 16.

Use the values of h, k, and r to write the equation of
the circle.

(x=hY +(y-k) =r°
(x=4) +(y=5) =16

Graph a circle that has a center at (4, 5) and a radius
of 4.

(1)
.
*¥la.s)
a1+t
_— H ¥ P
—a ol 4] 8
— (x—4)2 + (y— 5)2 = 16|
ANSWER:
(x— 4% +(y - 5°=16
(1)
o,
*¥1a.s)
FIE
— H 4 P
— LB E
— (x—4)2 + (y— 5)2 = 16|
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74. center at (1, —4), diameter 7

SOLUTION:
The center is located at (1, —4),soh =1 and k = —4.
The diameter is 7, so r = 3.5, and r? = 12.25,

Use the values of h, k, and r to write the equation of
the circle.

(x=h) +(y—k) =r’
(x=17 +(y+4)° =12.25

Graph a circle that has a center at (1, —4) and a
radius of 3.5.

¥
X
/]
)
(1, 41,
/
™

=12 4 (4 42 = 12.25]

ANSWER:
(x— 1)?+ (y +4)?>=12.25
y
X
Va
\
(1 -41}
/
Y

(x= 102 + (y+ 42 = 1225
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75.

Determine the equation of and graph a parabola
with the given focus F and vertex V.

F(2,4), V(2,3)

SOLUTION:
Because the focus and vertex share the same x—
coordinate, the graph is vertical. The focusis (h, k +

p), so the value ofp is4 — 3 or 1. Becausep is
positive, the graph opens up.

Write the equation for the parabola in standard form
using the values of h,p, and k.

dp(y-k)=(x-h)
4Ny -3) =(x-2)
Hy-3)=(x-2)

The standard form of the equation is (x — 2)2 =4y —
3). Graph the vertex and focus. Then make a table
of values to graph the parabola.

|
‘IEF

\

8
\e
12.3)
-8 |—-4 |O]i\] 4 | Bx

_4-1|'
|

(x—2)2=4(y—3)|

ANSWER:

(x—2)* = 4( - 3)
1 &Y

12

\

(x— 22 = aly - 3)|
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76. F(L, 5), V(-7, 5)

SOLUTION:

Because the focus and vertex share the same y—
coordinate, the graph is horizontal. The focus is (h +
p, k), so the value ofp is 1 — (=7) or 8. Becausep is
positive, the graph opens to the right.

Write the equation for the parabola in standard form
using the values of h,p, and k.

dp(x-hy=(y-k)
48)x— (-] =(y-35)
32x+T)=(y-5)

The standard form of the equation (y — 5)2 =32(x +
7). Graph the vertex and focus. Then make a table
of values to graph the parabola.

| 4y
1
30
]

1
151 (- 512

{-7.57

= 32‘] + T}
|
|0 4 8 [x

Ly =
~15 .
|
ANSWER:
(y - 5)> = 32(x + 7)
[y
1
HERT s
151 (y— 512 = 32(x + 7)|

{91 T
10 4 |18 |x
|y ™
15
1

[
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77. CRAFTS Sanjay is selling wood carvings. He sells

large statues for $60, clocks for $40, dollhouse
furniture for $25, and chess pieces for $5. He takes
the following number of items to the fair: 12 large
statues, 25 clocks, 45 pieces of dollhouse furniture,
and 50 chess pieces.

a. Write an inventory matrix for the number of each
item and a cost matrix for the price of each item.

b. Find Sanjay’s total income if he sells all of the
items.
SOLUTION:

a. Sample answer: The number of each item can be
written in a 1 x 4 inventory matrix.

[12 25 45 50]
The price of each item can be written in a 4 X 1 cost
matrix.

60

40

25

5

b. Find the product of the inventory and cost matrix

found in part a.
6l

40
[12 25 45 50]- 55 | [12(60) +25(40) +45(25) + 50(5)]

5

—~[3095]

If Stanley sells all of the items, his total income will
be $3095.

ANSWER:
60
s 40
a. Sample answer: [12 25 45 50], | __
25
5

b. $3095
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78.

Solve each equation for all values of x.
4sinx cosx—2sinx=0

SOLUTION:
dsinxcosx —2sinx =0
(2smx)2cosx—1)=0

2zinx =0
sinx =0
x=0orm
2cosx=1=0
|
COSXK = —
2
™ 5
X= :DTT

o ]
The period of sine and cosine is 2, S0 you only need
to find solutions on the interval [0, 2xt). The solutions

on this interval are 0, m, % and @ The solutions on
2 2

the interval (—oo,00) are then found by adding integer
multiples of 2zt. The solutionsx =0+ 2ntrand x =«
+ 2n7 can be combined to x = nx. Therefore, the

general form of the solutions is x = nx, x = ¥+ 2nm,

2
and x = @ + 2nm, where n is an integer.
2
ANSWER:

n in : :
mz.?a:- Ennl?+ 2nm, where mis an integer
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79. SianZCOSZXZ -1

SOLUTION:
sinx—2cos” x=—1
sinx=2(l=sin” x)= -1
sinx—2+2sin" x = -1
2sin’ x+sinx=1=0
(2sinx=1)smnx+1)=0

2sinx-1=0
) 1
sinx=—
2
T 5=
X=—0r—
6 6
sinx+1=0
siny =-=1
ix
X =
2

The period of sine is 21, so you only need to find
solutions on the interval [0, 2x). The solutions on this
interval are g % and % The solutions on the
interval (—oo,0) are then found by adding integer
multiples of 2x. Therefore, the general form of the

solutions is x = % +2nm, X = %+ 2nm, and X =

% + 2nm, where n is an integer.

ANSWER:

T 5n in : .
—+ 2nm, T - 2!?‘.‘1:_? + 2nm, where #is an integer
h
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80. SAT/ACT If town A is 12 miles from town B and

81

town C is 18 miles from town A, then which of the
following cannot be the distance from town B to
town C?

A 5miles

B 7 miles

C 10 miles

D 12 miles

E 18 miles

SOLUTION:

Sketch the possible locations of the towns. The
possible locations can be represented by two
concentric circles, one with a radius of 12 miles and
the other with a radius of 18 miles, with town A at
the center.

oW Towr A Town B*
Jok

Town B and town C will be at their closest distance
to each other when they are on the same side of
town A. As shown in the drawing, town B and town
C can achieve a minimal distance of 6 miles from
each other. Town B and town C will be at their
farthest from each other when they are on exact
opposite sides of town A. As also shown in the
drawing, town B and town C can achieve a
maximum distance of 30 miles from each other.
Thus, the distance d that town B and town C can be
from each other is 6 <d < 30. The towns cannot be
5 miles apart.

The correct answer is A.

ANSWER:
A

. A remote control airplane flew along an initial path

of 32° to the horizontal at a velocity of 48 feet per
second as shown. Which of the following represent
the magnitudes of the horizontal and vertical

eSolutions Manual - Powered by Cognero

82.

components of the velocity?

1"1.

F 25.4 ft/s, 40.7 ft/s
G 40.7 ft/s, 25.4 ft/s
H 56.6 ft/s, 90.6 ft/s
J 90.6 ft/s, 56.6 ft/s

SOLUTION:

The remote control airplane flew along an initial path
of 32° to the horizontal at a velocity of 48 feet per
second. Draw a vector to represent the airplane.
Also include the horizontal component X and a
vertical component Y.

& 1]

42 ﬂ{s’,f’f

.-"'ff ¥
O P . "
Oy I
leom: 12 fifs

The horizontal and vertical components of the vector
form a right triangle. Use the sine or cosine ratios to
find the magnitude of each component.

y

]

cosd2 =- sin3i2 =
48 48
x| = 48cos32 |ly| = 48sin 32
x| = 40.7 |y| =254

Drawings may not be to scale.

The magnitude of the horizontal component is about
40.7 feet per second and the magnitude of the
vertical component is about 25.4 feet per second.
The correct answer is G.

ANSWER:
G

REVIEW Triangle ABC has verticesA(—4, 2), B

(-4, =3), and C(3, —3). After a dilation, triangle A'B’

C' has vertices A'(—12, 6), B'(-12, —9), and C'(9, —9).
Page 47



8-1 Introduction to Vectors

How many times as great is the area of AA'B'C’
than the area of AABC?

A

|— o|—

tad

B
C3
D9

SOLUTION:

Graph AABC and AA'B'C'.

To find the area of AABC, find the height and the
length of the base. The length of the base is the

length of BC , which is 7. The height of AABC is the
length of AB , which is 5. Substitute these values into
the formula for the area of a triangle.

A= l.’:ufi'
2

I .
= 5{?}{:‘}

=175
The area of AABC is 17.5 units.

To find the area of A4A'B'C’, find the height and the
length of the base. The length of the base is the
length of B'C”, which is 21. The height of A4'B'C" is
the length of 4’8", which is 15. Substitute these
values into the formula for the area of a triangle.

A= l.ﬁh
2

The area of A4'B'C’ is 157.5 units. To find how
many times greater the area of A4A'B'C" is than the
area of AABC, divide 157.5 by 17.5. So, the area of
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AA'B'C" is 9 times greater than the area of AABC.

The correct answer is D.

ANSWER:
D

REVIEW Holly is drawing a map of her
neighborhood. Her house is represented by
quadrilateral ABCD with vertices A(2, 2), B(6, 2), C
(6, 6), and D(2, 6). She wants to use the same
coordinate system to make another map that is one
half the size of the original map. What could be the
new vertices of Holly’s house?

F A'(0,0), B'(2, 1), C'(3, 3), D'(0, 3)
G A'(0,0), B'3, 1), C'(2, 3), D'(0, 2)
H A'(1, 1), B'(3, 1), C'(3, 3), D'(1, 3)
J A(1,2),B'(3,0),C'(2 2), D'2,3)

SOLUTION:

To make another map that is one half the size of the
original map, Holly can perform a dilation on the

- . 1 .
original map using a scale factor of o= To find the

new coordinates, she can multiply the original
coordinates by the scale factor.

A= %(2, 2)or(1,1)

B= %(6, 2)or(3,1)
C= %(6, 6) or (3, 3)
D= : (2,6)or(1,3)

a
The correct answer is H.

ANSWER:
H
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8-2 Vectors in the Coordinate Plane

Find the component form and magnitude of
AR with the given initial and terminal points.

1.A(-3,1),B(4,5)
SOLUTION:
First, find the component form.
AB={x,-x,3.-»)

= (4-(-3)5-1)

=(7,4)

Next, find the magnitude. Substitute x, —x; =7 and

Y —Y41 =4 into the formula for the magnitude of a
vector in the coordinate plane.

|AH| = ,qn'l{_'lf: -x )+ =N )

= Il_llr:+.;'|.:

= \..-"Gﬁ or about 8.1

ANSWER:
(7.4, J65 ~81

2.A@2, -7), B(-6, 9)

SOLUTION:
First, find the component form.
AB={x,-x.y. - »)

={-6-2,9-(-7)
= (-8,16)

Next, find the magnitude. Substitute x, —x; = -8 and

Yo —Yy1 = 16 into the formula for the magnitude of a
vector in the coordinate plane.
|4B|= Jx, -5 ¥ + (0, - 3

= J(-8) +16°

=320

=85 orabout 17.9

ANSWER:
{ —8.16): 845 ~17.9
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3.A(10, -2), B(3, -5)

SOLUTION:
First, find the component form.
AB=(x,-x.,3.-»)

=(3-10,-5-(-2))

=(-7,-3)

Next, find the magnitude. Substitute x, —x, = —7 and

y» —y41 = —3 into the formula for the magnitude of a
vector in the coordinate plane.

[4B]= e, %)+ 0= 31’

= \TH or about 7.6

ANSWER:
(=7 =3} Js8~76

4.A(-2,7),B(-9 1)

SOLUTION:
First, find the component form.
AB=(x,-x%.¥,-»)

=(-9-(-2),-1-7)

< {7, -§)

Next, find the magnitude. Substitute x, —x; = —7 and

Yo —Yy1 = —8 into the formula for the magnitude of a
vector in the coordinate plane.

|A.’§| = (5, -5, + (s - 1)

= JI=7)7 +(-8)

=+/113 orabout 10.6

ANSWER:
{ =7 —8): {113 =106
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8-2 Vectors in the Coordinate Plane

5. A(=5, —4), B8, —2)

SOLUTION:
First, find the component form.
AB={x,-x%.y,-»)

= (8- (=5),-2 - (—4))
=(13,2)

Next, find the magnitude. Substitute x, —x; = 13 and

Yo —Y1 = 2 into the formula for the magnitude of a
vector in the coordinate plane.
|AH-‘| = ‘u'll{x: -5+ -nY

=+/13* 4+2°

= uﬁ orabout 13.2

ANSWER:
{13.2}): 173 =132

6. A(-2, 6), B(L, 10)

SOLUTION:
First, find the component form.
AB={x,-x,5.-»)

={1-(-2),10-6)
=(3,4)

Next, find the magnitude. Substitute x, —x, = 3 and
Yo —Yy1 = 4 into the formula for the magnitude of a

vector in the coordinate plane.
|4B|= Jex: %) + 02— 3’
= |l32+4:

=5

ANSWER:
{3.4).5
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7.A(25, -3), B(—4, 1.5)

SOLUTION:
First, find the component form.
AB = T ST

={-4-25,1.5-(-3))
=(-6.5,4.5)

Next, find the magnitude. Substitute x, —x; = 6.5

andy, —y; = 4.5 into the formula for the magnitude
of a vector in the coordinate plane.

|[4B|= J(x, = %) + (0, - 3)°

= |Ir(—ﬁ_'3:l: + 4.5:
- /62 5 or about 7.9

ANSWER:
{—6545). /625 =79

.A(-4.3,1.8), B(9.4, —6.2)

SOLUTION:
First, find the component form.
AB = ':r: —X. ¥ _J"l}

{9_4 = {—4_3:] ~6.2-1 .K;'r

f13 Y
-.II_‘II.?. —Ellr

Next, find the magnitude. Substitute x, —x; = 13.7

andy, —y; = —8 into the formula for the magnitude
of a vector in the coordinate plane.

|4B|=(r, =5 + (3, - 1)

= J13.7) +(-8)°

- J251.69 or about 15.9

ANSWER:

{137, —8): J251.69 =159
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8-2 Vectors in the Coordinate Plane

9.A(%,—‘)], B[ﬁ,%]

.,

SOLUTION:
First, find the component form.
AB = l:-“: =X, =W}

{2
{12

Next, find the magnitude. Substitute x,, — x; =

11

23
£y andy, -y, = 5 into the formula for the

magnitude of a vector in the coordinate plane.

|[4B]= J(x, - %) + (1, - 1)
(7)+(3)
2

= ,Fij or about 12.7

ANSWER:

(ll 23> 325 ~12.7
2" 2 2

2
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11.

045

SOLUTION:
First, find the component form.

AB = % — %, _J’L}

(P
5
Next, find the magnitude. Substitute X, — X, =

| e
J|| r-,J

J ,B(-1,7)

n| b

(32

o~

8 37
e andy, -y, = 5 into the formula for the

magnitude of a vector in the coordinate plane.
|[4B|= J(x, - %) + (0, - 3)°

[%HJ

ANSWER:
% 37 1433
(——__ 1—}; =74
5 5 25

Find each of the following for f={8,0), ¢ =
{ _3: —5},andh:{ _6:2’}
4h —g

SOLUTION:
4h -g =(4)(-6,2)-(-3,-5)

ANSWER:
)
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8-2 Vectors in the Coordinate Plane

12. f+2h

SOLUTION:

f +2h=(8.0)+(2)(-6.2)
=(8,0)+({-12,4)
=(~4,4)

ANSWER:
{ —4.4)
13.39 - 5f+h

SOLUTION:
Jg-SM+h=3g+ (-5 +h

= (3)(-3,-5)+(-5)(8,0) +(-6,2)

=(-9,-15) +(-40,0) +(-6,2)
=(-55,-13)
ANSWER:
{F=gg, =3
14. 2f+ g —3h

SOLUTION:

A +g-3h=20+g+(-3)h
=(2)(8.0) +(-3.-5) +(-3)(-6.2)
= (16,0} +(-3,-5)+(18,-6)
= (31,11}

ANSWER:

(3L —11)

15.f-2g-2h
SOLUTION:
f-2g-2h=f+(-2)g+(-2)h

=(8,0)+(-2)(-3,-5) +(-2)(-6,2)
=(8,0)+(6,10) +(12,~4)
=(26,6)

ANSWER:

{26, 6)

eSolutions Manual - Powered by Cognero

16. h— 4f + 59

SOLUTION:

h—4f +5g =h +(-4)f + 5g
= (-6,2)+(~4)(8.0) +(5)(-3.-5)
=(-6,2) +(-32,0) +(-15,-25)
=({-53,-23)

ANSWER:
{ —53, —23)
17. 49— 3f+ h

SOLUTION:

dg-3f +h=dg+(-3)f +h
=(4)(-3,-5)+(-3)(8,0)+({-6,2)
=(-12,-20) +{-24,0) +({-6,2)
=(-42,-18)

ANSWER:
pRsig. Ry

18. 6h + 5f — 109

SOLUTION:
6h +5f —10g = 6h + 5f +(~10) g

=(6)(-6.2) +(5)(8.0) +(-10)(-3.-5)

={-36,12) + (40,0} + (30,50}
=(34,62)

ANSWER:
{34, 62)
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8-2 Vectors in the Coordinate Plane

19. PHYSICS 1In physics, force diagrams are used to

show the effects of all the different forces acting
upon an object. The following force diagram could
represent the forces acting upon a child sliding down
a slide.

fiction normal force

weght
170N

a. Using the blue dot representing the child as the
origin, express each force as a vector in component
form.

b. Find the component form of the resultant vector
representing the force that causes the child to move
down the slide.

SOLUTION:

a. Since the blue dot represents the child as the
origin, the rectangular components for a force will be
the horizontal and vertical components of the force.

The force of friction is applying 9 newtons of force
to the left parallel to the x-axis and 10 newtons of

force up parallel to the y-axis. Thus, f ={-9,10).

Normal force is applying 76 newtons of force to the
right parallel to the x-axis and 84 newtons of force

up parallel to the y-axis. Thus, n = {76,84) .
Weight is applying 170 newtons of force down
parallel to the y-axis. Thus, w = {0,170} .

b. To find the component form of the resultant
vector representing the force that causes the child to
move down the slide, find the sum of the three force
vectors, or f+n+w.

f+n+w=(-9,10)+(76.84) +(0,-170)
=(67,-76)

The component form of the resultant vector

representing the force is (67.-76) .

ANSWER:
af="t —9,19},n:{?5, 84},\,\,:{0, —170)
b. {67, —76)
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Find a unit vector u with the same direction as

V.
20.v=1{—27)
SOLUTION:
u= l v
v
I :
= (-2.7
|c’—2.‘a'}|x )
P SN
JEPR+TT T
1 .
=—=(-2,7)
a3
o 1
-(-=7=)
| -,,I"'ﬁ_?. J‘\S,
[ 253 Nﬁ”}
\ 537 53
ANSWER
yo |23 153\
T\ 537 53 /
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8-2 Vectors in the Coordinate Plane

21.v=4{%9 —3)

SOLUTION:
|

u=—v
N

!
(9.-3)]

(0.3)

=—{9,-3)

e
1 it
N E {9, —.:r}

e

_[9v90 3490
"L 90 7 90
/30 o
RUTRET
ANSWER:

yo /310 io
V10710

eSolutions Manual - Powered by Cognero

22.v=1{—8 —5)

SOLUTION:

u= iv
A

(45 +)

89 T 89

ANSWER:

yo [ 889 589
89 89



8-2 Vectors in the Coordinate Plane

23.v =1i6,3)
SOLUTION:

eSolutions Manual - Powered by Cognero

24.v={—209)

SOLUTION:
1

u=—v
v

ANSWER:
y= <_ 2./85 9485 >

85 83
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8-2 Vectors in the Coordinate Plane

25.v=4{—1 —5)

SOLUTION:
1

u=—v
[V

{3
=<_£__@>

ANSWER:

u= <—E _j‘fﬁ>
26

26

eSolutions Manual - Powered by Cognero

26.v =417}

SOLUTION:
1
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8-2 Vectors in the Coordinate Plane

27.v=1{3 —4) 29. D(9, -6), E(-7, 2)
SOLUTION: SOLUTION:
g=vy First, find the component form of DE .
|v] DE={x,-x.,y,-»n)
:|h | 4.|‘:3'_4} =(-7-9,2-(-6))
3, -4}
5‘ =(-16,8)
s I (3,—4) Then rewrite the vector as a linear combination of
w.';,: 34 {_4}3 the standard unit vectors.
DE ={-16,8)
|
) — ~16i +8j
_[3 4\ ANSWER:
N8Bl ~16i + §
ANSWER: 30. D(3, 11), E(-2, -8)
u= 12 A SOLUTION:
\5" 5/

First, find the component form of DE .

Let DE be the vector with the given initial and DE=(x,=%.y:=3)

terminal points. Write DE as a linear = {_g T oy | U
combination of the vectors i and j.
28.D(4, -1), E(5, —7) =(-5,-19)

) Then rewrite the vector as a linear combination of
SOLUTION: ] the standard unit vectors.
First, find the component form of . DE = (-5,-19)
DE={x,-x.y,-¥)

= —5i —19j
TR ANSWER
= (1,-6) —5i — 19

Then rewrite the vector as a linear combination of
the standard unit vectors.

DE =(1,-6)
=i—6j

ANSWER:
i — 6
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8-2 Vectors in the Coordinate Plane

31.D(9.5, 1), E(0, -7.3)
SOLUTION:
First, find the component form of DE
DE={x,-x.,y,-»n)
={0-95,-73-1)
=(-9.5,-8.3)

Then rewrite the vector as a linear combination of
the standard unit vectors.

DE =(-9.5,-8.3)

= -9 5i -8.3j
ANSWER:
~9.5i — 8.3

32. D(-3, -5.7), E(6, —8.1)
SOLUTION:

First, find the component form of DE .
DE = {.1:: XL Vs =W ::-

=(6-(-3),-8.1-(-5.7))

=(9,-2.4)
L) I
Then rewrite the vector as a linear combination of
the standard unit vectors.

DE ={9,-2.4)
=9i - 2.4

ANSWER:
9i — 2.4
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33.

34.

D(—4, —6), E(9, 5)
SOLUTION:

First, find the component form of DE
DE={x,-x.v,- )

=(9-(-4).5-(-6))

=(13,11)
!
Then rewrite the vector as a linear combination of
the standard unit vectors.

DE ={13,11)
=13i +11j

ANSWER:
13i + 11j
1 = 3y

p(L3)E(4.2)
T S SR

SOLUTION:

First, find the component form of DE .
DE={x,-x.y,- ¥ }

-(=+-(3)3-

O T )
Then rewrite the vector as a linear combination of
the standard unit vectors.

s
DI —-"J—E —U\

-=-.I||~..r
-\"—\-\_:—

__33i_19.
SR g
ANSWER:
_33. 19,
g 71
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8-2 Vectors in the Coordinate Plane

35. D(-3, 1.5), E(-3, 1.5)

SOLUTION:
First, find the component form of DE
DI = -'{.1:: X, —W }

=(-3-(-3),1.5-1.5)

={0,0)
Then rewrite the vector as a linear combination of
the standard unit vectors.

DE ={0,0)
= 0i+0j
=0

ANSWER:

0

eSolutions Manual - Powered by Cognero

36.

37.

COMMUTE To commute to school, Larisa leaves
her house and drives north on Pepper Lane for 2.4
miles. She turns left on Cinnamon Drive for 3.1 miles
and then turns right on Maple Street for 5.8 miles.
Express Larisa’s commute as a linear combination of
unit vectors i and j.

SOLUTION:

Let Larisa’s house be located at the origin, (0, 0).
Make a drawing to represent Larisa’s commute and
find the coordinates of her destination.

(—3.1,82) N
1
&
5.8 mi
3.1 mi
A
24mi
Larisa’s
house
1cm: T mi

Drawing may not be to scale.

The initial and terminal points of Larisa’s commute
are (0, 0) and (3.1, 8.2), respectively. First, find the
component form of the vector representing Larisa’s
commute.

(%, = 5.3~ }={(-3.1-0,82-0)
= I::—E.LH.E:]

Then rewrite the vector as a linear combination of
the standard unit vectors.

(-3.1,8.2) =-3.1i + 8.2

Larisa’s commute expressed as a linear combination
is—3.1i + 8.2).

ANSWER:
-3.1i +8.2)

ROWING Nadia is rowing across a river at a
speed of 5 miles per hour perpendicular to the shore.
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8-2 Vectors in the Coordinate Plane

The river has a current of 3 miles per hour heading

downstream.
a. At what speed is she traveling?

b. At what angle is she traveling with respect to the

shore?

SOLUTION:

a. Nadia’s rowing can be represented by the vector
r=(0,5) and the current can be represented by the

vector ¢ =(3,0).

3 mph
A

5 mph

shore

Add the vectors representing r and ¢ to find the

resultant vector, V.
vyv=r+c¢

=(0,5)+(3,0)or(3,5)

The speed at which Nadia is traveling is the
magnitude of v.

[v|= 3% +5°

=+/34 orabout3.8

Thus, she is traveling at about 5.8 miles per hour.

b. Find by constructing a right triangle with the

given vectors and using the tangent ratio.

3 mph

|

tan & = -

Lad

f=tan"’

el | LA

=359

Thus, Nadia is traveling at an angle of about 59° with

respect to the shore.

ANSWER:

eSolutions Manual - Powered by Cognero

38.

39.

a. about 5.8 mph
b. about 59°

Find the component form of v with the given
magnitude and direction angle.
|v]=12, 6=60°

SOLUTION:
V= {|v|¢0$9.|v|$in€}

:{Ilmsﬁil A2sm 6l )
I|l -\.
{12[%.|2[£J3
| AE L

/
={ ﬁ,ﬁﬁ}

ANSWER:

i

|V|=4,6=135°
SOLUTION:

V= {:|v|¢058.|v|$inﬂ}

=(4cos135" 4sin135")

9)44)

/
'14
\
:{—zﬁ,zﬁ)

ANSWER:

[ —2yf2, 2y/2)

L2
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8-2 Vectors in the Coordinate Plane

40.]V |=6, 0= 240°
SOLUTION:
v ={|v|cos8.|v|sind)

=(6c0s240°,6sin 240° )

:<ﬁ[_1}ﬁ[..£]>
2 2
=(-3,-3\3)
ANSWER:
-3 -3)
41.|v|=16, 6 =330°
SOLUTION:
v= <|v|c05 o, |v| sin EJ}

= {Iﬁc0533{] Bsin 33”')

(484
=(843,-8)

ANSWER:
35 -
42.|v|=28,0=273°
SOLUTION:
v ={Ivlcosf, vlsind}
= (zamszﬂ", 2ssin2?3°)
=(28(0.05234), 28( —0.9986) )
={1.47, —27.96)

ANSWER:
(1.47, —27.96)
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43.|v|=15, 0= 125°
SOLUTION:
v= {|v|cas$‘,|v|sin&)

:<I:‘-c05125 15sin125 )

= (15(~0.5736),15(0.8192))

= (-8.60,12.29)
ANSWER:
{ —8.6,12.29)

Find the direction angle of each vector to the
nearest tenth of a degree.
44. 3i + 6]

SOLUTION:

b
tan & = —

)

=

)
tan & =

e |

#=tan '2

=634
So, the direction angle of the vector is about 63.4°.
¥

(3, 6)

\563.4"

ANSWER:
63.4°
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8-2 Vectors in the Coordinate Plane

45. i + 5j
SOLUTION:

b
tan & = —
o

(4

=682
Since the vector lies in Quadrant I, 8 = 180° +
(—68.2°) or about 111.8°.
¥y

5
tan = —
2

(—2,5)
Y
X

\

AL st
i

ANSWER:
111.8°
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46. 8i — 2]
SOLUTION:

b
tan & = —
i

tanf = —
8

e

#=-14.0

Since the vector lies in Quadrant 1V, 8 = 360° +

(—14.0°) or about 346.0°.

¥y
{-ﬁ ‘JI""‘--... X
34600 B
(8, —2)
ANSWER:
346.0°
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47. —4i - 3
SOLUTION:
tan & = E
o
-3
tan = —
- (]
4

=369
Since the vector lies in Quadrant 111, 8 = 180° +

36.9° or about 216.9°.
IE'IEI.EP’
Ve | x

[

Y

o

=
Vi
(—4.—3)

ANSWER:
216.9°

eSolutions Manual - Powered by Cognero

48.{—5,9)
SOLUTION:

tan = —
o
4

la.nﬁ'=—_
-5

= tan ’[—3]

g =-609

Since the vector lies in Quadrant I, 8 = 180° +

(—60.9)° or about 119.1 °.

| (—3,9] ¥
N
\
\
M
\

N 119.0°

[\
(] X

ANSWER:
119.1°
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8-2 Vectors in the Coordinate Plane

49.{1.7) 50.{ —6, —4)
SOLUTION: SOLUTION:
tan & = E tan & = s
] a
tan & = L tan & = =
7 ]
_ 1
f=tan "1 & = tan 1[%]
f =43
So, the direction angle of the vector is 45°. =337
¥ 7.7 Since the vector lies in Quadrant 111, 6 = 180° +
33.7° or about 213.7°.
Iztal.?" = !-\
7
"
45° -
ﬂr X (=6, —4)
ANSWER:
450
ANSWER:
213.7°
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51.

52.

{3, —8)

SOLUTION:
]

tan & = —
a

-8

-
e ]

tan & =

™
|

& = tan 3(—E
3

=04
Since the vector lies in Quadrant 1V, 6 = 360° +
(—69.4)° or about 290.6°.

F

1 Y

O\
\
\

q

790.6°

(3. —8)

ANSWER:
290.6°

SLEDDING Maggie is pulling a sled with a force
of 275 newtons by holding its rope at a 58° angle.
Her brother is going to help by pushing the sled with
a force of 320 N. Determine the magnitude and
direction of the total resultant force on the sled.

SOLUTION:

Use the magnitude and direction of the force that
Maggie is using to pull the sled to write the force in

component form as f1- Let 8 = 122° since 6 is the
direction angle that f; makes with the positive x-axis.
f, = (|f,|cos@.|f,|sin &)

=(275¢c0s122",275sin122")

=(-145.7,233.2)
Since Maggie’s brother is pushing the sled to the left,
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53.

the component form of his force f, is (~320,0). Add
the algebraic vectors representing f; and f, to find
the resultant force, vector V.
v="F +f,

=(-145.7,233.2) +(-320,0)

={-465.7,233.2)

Find the magnitude of the resultant.
|v]=(-465.7)° +233.2°

= “I'E? 1.258.73 or about 5208

Find the resultant direction angle 6.

tan @ = 23_!-_.2
~463.7
2332
& =tan"’ .
—463.7
&= -26.6

Since V lies in Quadrant 11, 8 = 180 + (—26.6) or
153.4°. Therefore, the resultant force on the sled is
about 520.8 newtons at an angle of about 153.4°
with the horizontal.

ANSWER:
about 520.8 N; about 153.4°

NAVIGATION An airplane is traveling due east
with a speed of 600 miles per hour. The wind blows
at 85 miles per hour at an angle of S59°E.

1L

1.._"‘1.' 2 600 mph

I
r - <
ro
50+ £5 mph

a. Determine the speed of the airplane’s flight.
b. Determine the angle of the airplane’s flight.

SOLUTION:

a. Since the airplane is traveling due east with a
speed of 600 miles per hour, the component form of

the speed v, is (600,0). Use the magnitude and the

wind

direction of the wind Vv, to write this vector in
component form. Let & = —31° since 0 is the
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8-2 Vectors in the Coordinate Plane

direction angle that v, makes with the positive x-
axis.
v, =(|v;|cos@.|v,|sind)

= (83c0s(~31').83sin(-31))

=(72.9,-43.8)

Add the algebraic vectors representing v, and v, to
find the resultant velocity, vector .
F=v, +v,

= (600,0) +(72.9,-43.8)

= (672.9,-43.8)

Find the magnitude of the resultant.
Ir|=/672.9° + (43 8)’

= /454,712.85 or about 674 3

The speed of the airplane’s flight is about 674.3
miles per hour.

b. Find the resultant direction angle 6.
43 8

Since r lies in Quadrant 1V, § = 360 + (—3.7) or
356.3°. Therefore, the angle of the airplane’s flight is
about S86°E.

ANSWER:

a. about 674.3 mph
b. about S86°E

54. HEADING A pilot needs to plot a course that will
result in a velocity of 500 miles per hour in a
direction of due west. If the wind is blowing 100
miles per hour from the directed angle of 192°, find
the direction and the speed the pilot should set to
achieve this resultant.

SOLUTION:

The pilot’s final heading of 500 miles per hour in a
direction of due west can be represented by the

vector r =(~300.0). The final heading is the sum of
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the vector representing the initial course v, plotted
by the pilot and the vector representing the wind V.,

orr:v1+v2.

Since the wind is blowing from the directed angle of
192°, it is blowing at an angle of 12° with the
horizontal.

Al

TN ¥

g D 12‘:' E-

Use the magnitude and direction of the wind to write
V, in component form.

v, ={|v1|cusﬁ.f}',|5in€}
= (100cos12,100sin12")
=(97.81,20.79)

Substitute the component forms of r and v, into r =
V4 +V, and solve for v,.
r=vy+vy
{—500, 0y =v; +{97.8120.79)

(—500,0) —(97.8120.79) = v,
(—597.81 —20.79) =v,

The component form of the initial course is
v, =(-597.81,-20.79) .

Find the magnitude of v,.

vil =y ( —597.8)% + ( —20.79)*

=y 357,797.06

= 5982

Find the resultant direction angle 6.
<2079
-597.31

20.79

39781

@=210

tan & =

# = tan '
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Since Vv, lies in Quadrant I11, 6 = 180 + 2.0 or about

182°. Thus, the pilot needs to plot a course of about
598.2 miles per hour at a directed angle of 182°.

ANSWER:
about 598.2 mph at a directed angle of 182°

Determine whether 4B and CD with the initial
and terminal points given are equivalent. If so,

prove that A8 = CD . If not, explain why not.

55.A(3,5), B(6, 9), C(—4, —4), D(-2, 0)

SOLUTION:

Find the magnitude and direction of each vector.
For AR , find the component form.
AB={x,-x%,5.-»)

o
={6-3,9-5)

=(3,4)

Use the component form of the vector to find the
magnitude. Substitute x, —x; =3andy, -y, =4

into the formula for the magnitude of a vector in the
coordinate plane.

|AH| T "J'Iliri -5 +0n-»)

Next, find the direction angle of AB.

h
tan & = —
o

tan & =

ad | =

4

#=tan" —
3

& =353 1

For CD , find the component form.
Ch = ::r: X =W

={(-2-(-4),0-(-4))

={2, 4}
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Use the component form of the vector to find the
magnitude. Substitute X, —x; =2 andy, -y, =4

into the formula for the magnitude of a vector in the
coordinate plane.

|CD | =y (2 — 200" + vz —>0)°
_[Z3
=y20
zgﬁ

=45

Next, find the direction angle of CD .

tan & =

£ oo

tan & = -

b

#=tan '2

#=634

No; AB and CD are not equivalent. The magnitude
and direction are not the same for both vectors, so
they are not equivalent.

ANSWER:

No; sample answer: The magnitude and direction are
not the same for both vectors, so they are not
equivalent.

56. A(-4,-5), B(-8, 1), C(3,-3), D(1, 0)

SOLUTION:

Find the magnitude and direction of each vector.
For AR , find the component form.
AB={(x,-x.,y,-»)

= (-8 -(-4),1-(-5)}
=(-4,6)

Use the component form of the vector to find the
magnitude. Substitute X, —x; = -4 andy, -y, =6

into the formula for the magnitude of a vector in the
coordinate plane.
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8-2 Vectors in the Coordinate Plane

|28 | =y (2 7 + 7 3’

=y (-4 +6
=y52

=2‘/E

=72

Next, find the direction angle of AB.

tan & = E
a

tan & = i

= tan 'f—'—]

N

Lad

[ %]

f=-563

For D, find the component form.
CD={x,-x.y,-3)

=(1-3,0-(-3))

(-2,3)

’

Use the component form of the vector to find the
magnitude. Substitute X, —x; = —2andy, —y; =3

into the formula for the magnitude of a vector in the
coordinate plane.

|@ | =y (g =3’ + (3 —»p)’

Y e

=13
=36
Next, find the direction angle of .
tan & = E
o
tan & = =
=2
& = tan '(—i]
2
&= -563
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No; ABnd CD are not equivalent: The direction of
the two vectors is the same, but the magnitude is
different, so they are not equivalent.

ANSWER:

No; sample answer: The direction of the two vectors
is the same, but the magnitude is different, so they
are not equivalent.

57.A(1, -3), B(0, -10), C(11, 8), D(10, 1)

SOLUTION:
Find the magnitude and direction of each vector.
For AR , find the component form.
AB = (5%, 02— n)
={0-1,-10-(-3))
= ::— 1 —?::l

Use the component form of the vector to find the
magnitude. Substitute x, —x; = -landy, -y, =7

into the formula for the magnitude of a vector in the
coordinate plane.

| 2B | =y (2 — 3% + 03 -’
=y (=D +(-7°
=50
=2ﬁ

Next, find the direction angle of AB .

b
tan & = —
Il

-7
tan & = —

@=tan '7

#=3819

For CD), find the component form.
CD={x,-x,y,- )

={10-11,1-8)

- (-1,-7)
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58.

Use the component form of the vector to find the
magnitude. Substitute X, —x; = —landy, -y, =7

into the formula for the magnitude of a vector in the
coordinate plane.

|@|:|’((-T2 —x)? + (g -’
=y (-D2+(-7*
=y/s0
zgﬁ

Next, find the direction angle of CD.

b
tan & = —
a

tand =

f=tan'7

=819

Yes; AB and CD are equivalent. The magnitude
and direction are the same for both vectors, so they
are equivalent.

ANSWER:

Yes; sample answer: The magnitude and direction
are the same for both vectors, so they are
equivalent.

RAFTING The Soto family is rafting across a river.
Suppose that they are on a stretch of the river that is
150 meters wide, flowing south at a rate of 1.0 meter
per second. In still water, their raft travels 5.0
meters per second.

a. What is the speed of the raft?

b. How far downriver will the raft land?

¢. How long does it take them to travel from one
bank to the other if they head directly across the
river?

SOLUTION:
a. Diagram the situation.
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bank bank
5m/s

‘%" —1mfs
r-al

~—150m ——

The speed of the raft is represented by the
magnitude of the resultant vector r. The resultant
vector I is the sum of the vector representing the
path of the raft v, and the vector representing the

current of the river vy, or r = v, +V,. Writing in
component form, v, =(5.0) and v, =(=10).
Substitute these vectors into r = v, +V, and solve
forr.

F=v,+v,
{5 0h+{0 =1}
=13,0)+{0.-1}

={5,—1)

Find the magnitude of r.

rl=y5 4+ (=D*
=26

=51
So, the speed of the raft is about 5.1 meters per
second.

b. The vectors representing the resultant, the path of
the raft, and the current of the river form a right
triangle.

5my/s

e
“‘h 1m/s
5.1 m/s mt

Assuming the raft continues on the path represented
by r, a similar triangle can be formed using r and the
width of the river.
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59.

Drawing is not to scale.
. . _— . > 1
Using properties of similar triangles, 150 = — orXx

X
= 30. So, the raft will land 30 meters downriver.

C. First, find the total distance d traveled by the raft
using the answer from part b and the Pythagorean
Theorem.

=~
S
"

d? =150° + 30°
d =150 4 30°
d =[23,400

d =153

150 m

30m

The total distance traveled by the raft is about 153
meters. If the raft traveled at a speed of 5.1 meters
per second, the time that it took the family to cross

~

R X
the river is ’i_; =30 seconds.

ANSWER:

a. about 5.1 m/s
b. 30 m
c.30s

NAVIGATION A jet is flying with an air speed of
480 miles per hour at a bearing of N82°E. Because
of the wind, the ground speed of the plane is 518
miles per hour at a bearing of N79°E.

a. Draw a diagram to represent the situation.

b. What are the speed and direction of the wind?

c. If the pilot increased the air speed of the plane to
500 miles per hour, what would be the resulting
ground speed and direction of the plane?

SOLUTION:
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a. Sample answer: Draw a diagram to represent the
situation. If the initial bearing of the jet is N82°E but
is flying at a bearing of N79°E because of the wind,
the angle created by the two vectors is 3°.

N

- 82"
- 82
By

79 Ground (518 mph)

CN " pir 480 moh!
s T Air {480 mph)
(o] E

b. The resultant vector r for the ground speed of the
jet is the sum of the vector representing the air speed

of the jet v, and the vector representing the wind Vs,

orr=v1+v2.

Ground (518 mph)
Air (480 mph)

Use the air speed and bearing of the jet to write v,

in component form. Let & = 8° since the bearing is
N82°E.

v, :{|v1|cust?.|v,|si!19:}
= (480cos8".480sin8")
= (475.3,66.8)
Use the ground speed and bearing of the jet to write

r in component form. Let # = 11° since the bearing is
N79°E.

r= {|r|cus 6'.||‘E:~;in€:f|
=(518cos11",518sin11")
=(508.5,98.8)

Substitute the component forms of r and v, into r =

V4 + V, and solve for v,
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r=wv| +vz
{508.5,98.8) ={475.3,66.8) +v
{508.5, 98 8y —{475.3,60.8) =vq
{33.2,32) =vg

The component form of the wind is v, =(33.2,32}.

Find the magnitude of v,,.
|v,|=+/33.2% +32°
=+/2126.24 or about 46.1

Find the resultant direction angle 6.

-
]

332
, 32
33.2
#=439
The directed angle of the wind is about 44°. Thus,

the wind is blowing about 46.1 miles per hour at a
bearing of about N46°E.

tan & =

& = tan

C. Use the air speed and bearing of the jet to write
V4 in component form. Let 6 = 8° since the bearing

is N82°E.

\7 :a‘:iv,|cu5€.|v,|siuﬁ'>
= (500cos8 . 500sin8" )
= (495.1.69.6)

Substitute the component forms of v, and v, into r =
V4 +V, and solve for r.
r=v,+v;
=(495.1,69.6) +(33.2,32)
=(528.3,101.6)

Find the magnitude of r.

r| =+/528.3% +101.6°
= /289,423 45 or about 538.0

Find the resultant direction angle 6.
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g 1016
5283

L 101.6

528.3

8109

& =tan

The directed angle of the jet is about 11°. Thus, the
jet is traveling at a resulting ground speed of about
538 miles per hour at a directed angle of about N79°

E.

ANSWER:
a. Sample answer:

Ground spead:
518 mph

vaind

Air spesd:
430 mph

b. about 46.1 mph; about N46°E
C. about 538 mph; about N79°E

TRANSLATIONS You can translate a figure
along a translation vector i<, b) by adding a to each
x-coordinate and b to each y-coordinate. Consider
the triangles shown below.

W Tp
| | |
A : H
-G
L O _F HE.:
| | |
f GT T IH

a. Describe the translation from AFGH to AF'G'H'
using a translation vector.

b. Graph AF'G'H' and its translated image
AF"G"H" along ¢ —3, —6).

¢. Describe the translation from AFGH to
AF"G"H" using a translation vector.

SOLUTION:
a. Find the coordinates of F and F'. F(2, —1) and F’
(4, 4). Since a translation vector (a5} is added to

each vertex to obtain its image, write F’ as the sum
of F and the translation vector. Then solve for a and
b.
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F+{ab)=F'
(2.-D+{a.b)=(4.4)
(2+a,-1+b)=(4.4)
So,2+a=4and-1+b=4.Thus,a=2and b =5.
The translation vector is (2.5).

b. Find the coordinates of F’, G’, and H'. F'(4, 4), G’
(4,1),and H'(7, 1). Add the translation vector to
each coordinate.
F'+{a,b)=F"
(4,4) +(-3,-6) =
[4+(=3).4+(-6)] =
(L.-2)=
G'+(ab)=G"
(4,1) +(-3,-6) =
[4+(-3).1+(-0)]=
(L-3)=
H'+{ab)=H"
(7.1) +{-3,-6) =
[T +(=3)L1+(-6)]=
(4,-5)=

Graph triangle 2/'G'H" and «/"G"H"

by F
3 G &
Q X
F
™
TS
Gi-.- |II
| [

C. Find the coordinates F and F”. F(2, —1) and F"(1,
—2). Since a translation vector (.5} is added to
each vertex to obtain its image, write F” as the sum
of F and the translation vector. Then solve for a and
b.
F+{ab)=F"
(2.-D+{a.b)=(1,-2)
(2+a-1+b)=(1-2)

So,2+a=1land-1+b=-2.Thus,a=—-1andb =
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—1. The translation vector is {~1.=1).

ANSWER:

a.12,5)
b.

T 1T IF

a7 ;
| |

c.i—1 —1)

Given the initial point and magnitude of each
vector, determine a possible terminal point of
the vector.

(-1, 4): 37

SOLUTION:

Sample answer: Substitute (=1, 4) and +/37 into the
formula for the magnitude of a vector and solve for

(X2, )-
[V =y, = %) + (-3

V37 = Jlx, = (=DF + (3, - 4)?

37 = J(x, + 1) + (3, - 4)°

37=(6,+1+(,-4°
Letx =0.
37=(0+1P +(p, -4)*

37=1+(y, -4y

36=(y,-4)

+6=y, —4

Solving —6 =y, —4,y, = —2. So, a possible terminal
point of the vector is (0, —2).

ANSWER:
Sample answer: (0, —2)

Page 24



8-2 Vectors in the Coordinate Plane

62.

63.

(-3,-7); 10
SOLUTION:

Sample answer: Substitute (=3, —7) and 10 into the
formula for the magnitude of a vector and solve for

(X5, Y5)-

V| =G =% P + 0 =)

10=fix, - (3F +1y, - DF

10 = (e, +3) + (3 +7)°

100 =(x, +3) +(3 +7)
Letx =5.
100=(53+3) +{v,+7)

100 = 64 + (v, +7)

36=(y,+7)

+6 = v, + 7
Solving 6=y, + 7,y, = —1. So, a possible terminal
point of the vector is (5, —1).

ANSWER:
Sample answer: (5, —1)

CAMERA A video camera that follows the action
at a sporting event is supported by three wires. The
tension in each wire can be modeled by a vector.

wire 1

1200 N 000N _wim 2

wire 3
a. Find the component form of each vector.
b. Find the component form of the resultant vector
acting on the camera.
¢. Find the magnitude and direction of the resulting
force.

SOLUTION:

a. Use the tension and directed angle of each wire to
write the vectors representing each of the wires in
component form. For wire 1, the directed angle is
180 — 51 or 129°, and for wire 3, the directed angle
is 360 —39 or 321°.

wire 1
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(|v,|cos@.|v, |sin@) = (1200c0s129",1200sin 129" )
=(-755.2,932.6)

wire 2:

([v,|cos@.|v,|sin@) = (1000cos 26, 1000sin 26 )

= (898.8,438.4)
wire 3:
([vs|cos8.|v,|sin8) = (700cos321', 700sin 321"

=(544.0,-440.5)

b. The resultant vector r is the sum of wire 1 v,,
wire 2 V,, and wire 3 V. Substitute the values found
inpartainto r=Vv, +V, + Vv and solve for r.
r=v,+v,+v,
=(-755.2,932.6) + (898.8.438.4) + (544.0,-440.5)
=(687.6,930.5)

C. Find the magnitude of r.

Irl =y 687.6 +930.5%

=/ 1.338,624.01

=1157.0

Find the resultant direction angle 6.
_930.5
687.6
9305
687.6
=335
The resultant force is about 1157 newtons at a
directed angle of about 53.5°.

& =tan

ANSWER:

a wirel:4 —755.2,932.6): wire 2:
{898.8 438.4). wire 3: { 544.0, —440.5)
b. {687 6,930 5)

C. about 1157 N; about 53.5°
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64.

65.

66.

FORCE A box is stationary on a ramp. Both
gravity g and friction are being exerted on the box.
The components of gravity are shown in the
diagram. What must be true of the force of friction
for this scenario to be possible?

i

dah,
friction \‘x
/,-::'f" al
R
SOLUTION:

The friction force cannot be less than the component
of gravity that is parallel to the ramp. If the friction
force is less than the component of gravity that is
parallel to the ramp, the box would slide down the
ramp.

ANSWER:

The friction force cannot be less than the component
of gravity that is parallel to the ramp.

REASONING |If vectors aand b are parallel,
write a vector equation relating a and b.

SOLUTION:
Sample answer: Let a=(x.,y) and b ={x,.y.}.
Find the directed angle for each vector.

Fora: Forb:
¥ Vs
tan & = =1 tan & ==
X, X,
i B Ve
B=tan 'L B =tan' =%
II .\':

If aand b are parallel, then their directed angles
must be equal. Thus,

tan ' ~L=tan"' ==
X, X
B P8
FI-I ir: .
k
if 1= }’_2, then #1 = ) for any real number K.
X] X3 x| kx3

Thus, a = kb, where k is any real number scalar.

ANSWER:

Sample answer: a = kb, where k is any real number
scalar.

CHALLENGE To pull luggage, Greg exerts a
force of 150 newtons at an angle of 58° with the
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horizontal. If the resultant force on the luggage is 72
newtons at an angle of 56.7° with the horizontal,

what is the magnitude of the resultant of F;.io, and

I:weight?

SOLUTION:

To find the magnitude of the resultant of R, and
I:weight' find I:friction :
luggage r is the sum of the vector representing the

force exerted by Greg Vv and the vectors
representing the friction R, and the weight of
orr=v+FE

weight’ friction + I:weight'
Use the magnitude and direction of the resultant
force on the luggage to write r in component form.

r= I::|r|cus 9.|r|5in 5’}
(Tzcosiﬁ.‘f .725in56.7°)
=(39.5,60.2)

Use the magnitude and direction of the force exerted
by Greg to write v in component form.

v= .f|v| cosd.|v|sin Hﬁ"
= (150c0s 38", 150sin 38" )
=(79.5,127.2)
From the diagram, F
F, e ={0,-67).
Substitute the component forms of r, v, and F

The resultant force on the

the luggage F

weight Can be written as

weight
into =V + Rjegion + I:weight and solve for Fjcgion -

v =V +Fsriction + Fueight
(39.5.60.2) ={79.5,127 2} +F pyigtion + {0, —67)
(39.5,60.2) = F f rigsion +(79.5. 60.2)
{39.5,60.2) —(79.5, 60.2) = F fristiom
{—40,0) :Ffﬂcﬁon

The resultant of B ;o and Fy o is
{—40,0) +{0, —67)=(—40, —67) .

Find the magnitude of {-40.-67).
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67.

Ja* + b7 = J(-40) +(-67)*
= /6089 or about 78.0

The magnitude of the resultant of R0, and Fyeignt
is about 78 newtons.

ANSWER:
about 78 N

REASONING If given the initial point of a vector
and its magnitude, describe the locus of points that
represent possible locations for the terminal point.

SOLUTION:

Sample answer: If the initial point of a vector is (a,
b) and the vector has magnitude m, then the locus of
terminal points (x, y) are the points that satisfy the
equation f(x _,_-1:;.3 + (y _bj.z =m. The locus of
terminal points (x, y) are the points that lie on the
circle that has a center at (a, b) and a radius of m.

Consider a vector with an initial point at the origin
and a magnitude of m.

The circle below is formed by the terminal points of
many vectors with this initial point and magnitude.

I."-___. it . ”// ““\._ /
'-.\/" z"/-' " .\..-.'
\““-{_‘_ o
ANSWER:

Sample answer: If the initial point of a vector is (a,
b) and the vector has magnitude m, then the locus of
terminal points (X, y) are the points that satisfy the

equation f(x —a:jz +(y _bj.z =m.
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68. Writing in Math Explain how to find the direction

angle of a vector in the fourth quadrant.

SOLUTION:

Sample answer: To find the direction angle of a
vector in the fourth quadrant, use the vertical and
horizontal components of the vector and the

. . . b .
trigonometric equation tan # = — to determine the
&

angle that the vector makes with the positive x-axis.
Since the horizontal component will be positive and
the vertical component will be negative in the fourth
quadrant, using the trigonometric equation will
produce a negative value for 6. Add this value to
360° to find the direction angle of the vector in the
fourth quadrant.

ANSWER:

Sample answer: To find the direction angle of a
vector in the fourth quadrant, use the vertical and
horizontal components of the vector and the

: . ) b .
trigonometric equation tan & = — to determine the
il

angle that the vector makes with the positive x-axis.
Then add this value to 360° to find the direction
angle of the vector in the fourth quadrant.

69. CHALLENGE The direction angle of (¥} is

(4y)°. Find X in terms of y.
SOLUTION:

h
tan & = —

a
v
tandy ==
X
xtandy=y
rl-

tan 4y

X=

ANSWER:
y=—2
) tan 4y
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PROOF Prove each vector property. Leta =
{XI:YI}, b= {Kzsj’z}, andc= {XS:YE:’.

72. k(a+b) =ka+ kb, where k is a scalar

70.a+b=b+a
SOLUTION:
a+b={x. )+ {x.0) Substitute.
= (x5 +x.0 +0) Vectoraddition
={x5 45,3 +n0) Commutative Property
={x,,7,) +{x.0) Vectoraddition
=b+a Substitute.

ANSWER:
a+b=(x,»)+{x.¥)
= {:x1 R Tl

)
= {_1;: +X.V.+ N )
)

7. (a+b)y+c=a+(b+c)
SOLUTION:

(a+b)+e=({x. )+ {x,0))+{x.0) Substitute,

=(x + X0 + 3 (X, ) Vectoraddition
=(x +X X0+ Vst V) Vectoraddition
={x. )+ (G +x. 0, +0)
= {.\'1 N } + ({.\‘: __y:) +{xy, 33 )] Vectoraddition

a+(b+c) Substitute

Remove (,\', %15 }

ANSWER:

(a+b)+e=({x.3)+{x,, 3,))+{x;.),)
={X + X, 0 + ¥y )+ {X5, 5)
={x +x,+ X, 0, + )2 + )
={x. 0 )+ (% + 0.0+ 0)

= {'TI‘.-]"I ) + {{1‘1,_}5 :' = {-":3-}’.1}}

=a+(b+c)

eSolutions Manual - Powered by Cognero

SOLUTION:

k(a+b)=k({x.3)+(x,.2)) Substitute.
=k{x +x.0 +;) Vecetoraddition
=k (x +x,) k(3 + ) Distribute.
= {kxl + ks ky + Jh) Distribute.
= (k. dy )+ (e k) Vectoraddition
=k{x. ) +k (%) Factork.
=ka+kb Substitute.

ANSWER:

k(a+b)= fa‘{{xp.l". ) +{1':=J":>]
=k{x, +x3, ), + ;)
= {k{x, +x,).k( + 3 ):)
= (hox, + ey, Ky, + ko, )
= (o, ey, ) + (ko Ay, )
=k{x, 0 ) +k{x,. )
=ka + kb

73. |ka] = | k| | a|, where k is a scalar

SOLUTION:
Jfeer| = |Je{ v, w1} Substitute
= |{Exy. kxq)| Distribute

=y (fc:rl)z + Ucyl)z IMagnitude of a Vector
:l,l'}czrlz +ic2y12 Distnibute.
=ykini+y?)  Factor

= ‘/}C_zy .1’12 +y12 Distribute square root

= |k|[{x1.01}] Simplify and Definition of Magnitude
= |k|lal Substitute

ANSWER:
Jkea = [k (., 37 )
= |{kx,,kj'1 )|

= ks ¥ + (k1 )’

||I.I'L’:{I|: + '1,1:}
= [kl[(x. )
=|#]]a|
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74. TOYS Roman is pulling a toy by exerting a force

of 1.5 newtons on a string attached to the toy.

a. The string makes an angle of 52° with the floor.
Find the horizontal and vertical components of the
force.

b. If Roman raises the string so that it makes a 78°
angle with the floor, what are the magnitudes of the
horizontal and vertical components of the force?

SOLUTION:
a. Diagram the situation.

1.5H
52°

T
-

X

The horizontal and vertical components of the force
form a right triangle. Use the sine or cosine ratios to
find the magnitude of each force.

cosil = |I| sin3? = -LV;
1.5 1.5

x| =1.5c0852 ly| =1.5sin52
x|~ 092 ly|=1.18

The horizontal component is about 0.92 newton and
the vertical component is about 1.18 newtons.

b. Repeat the process used in part &, but use an
angle of 78° instead of 52°.

cos T8 = |!| sin 78 = -LV;
1.5 1.5
x|=1.5c0s 78 ly| =1.5sin 78
x|~ 031 ly| =1.47

The horizontal component is about 0.31 newton and
the vertical component is about 1.47 newtons.

ANSWER:

a.~0.92N,=1.18N
b.~0.31N, =147 N

eSolutions Manual - Powered by Cognero

Write each pair of parametric equations in
rectangular form.

75.y =t?+2, x=3t—6

SOLUTION:

Solve for t.
x=3%-6

r+6=3

x+6
= [

=

b

Substitute for t.
v=1"+2
A \]:

y=|
& -
|I|IL ‘j

-2

X #12x+36
p=——+4

2
4]
y= %+ 4;1‘+ﬁ
ANSWER:
y= £+E+ﬁ

9 3

76.y =t — 5, x=2t+8

SOLUTION:
Solve for t.
x=2+8
x-8=2X
x—8
2.
Substitute for t.
y=r£-5

L2

= léx+64

=3
4

(x=-8YV _
o J S
|-1.

1=—.£—4_r+ll
” 4

ANSWER:

p=X _4r+11
774
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77.y =7t x=t° -1
SOLUTION:
Solve for t.

x=t"—1
.1.'-|-1=.f2
Tyrx+1=t¢

Substitute for t.
y=t

y=7(im

v=xTfx+1

ANSWER:

y=+7+/x+1

eSolutions Manual - Powered by Cognero

78. UMBRELLAS A beach umbrella has an arch in

the shape of a parabola. Write an equation to model
the arch, assuming that the origin and the vertex are
at the point where the pole and the canopy of the
umbrella meet. Expressy in terms of x.

SOLUTION:
The standard form for a parabola that opens
vertically is (x — h)2 =4p(y — k). If the vertex is at

the origin, h = 0 and k = 0. The equation becomes x°
=4py. If the vertex of the umbrella is at the origin,
then the two tips of the umbrella occur at the points
(-4.5, —1.5) and (4.5, 1.5). Substitute one of these
points into the equation and solve forp.

x =4py
458 =4p(—1.5)
20.25= —6p
07
-2 p
—3375=p

To write an equation to model the arch in terms of y,
. 2T
substitutep = — ry into x° = 4py and solve fory.

x*=4py

5 :4!(—2 |1
. 8

ANSWER:
2

i 48

Decompose each expression into partial
fractions.
11

R
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SOLUTION:

Rewrite the expression as partial fractions with

constant numerators, A and B, and denominators that

are the linear factors of the original denominator.
52-11 _ A B

2z +z-6 z+2 2z-3

Multiply each side by the LCD, 22% +z —6.

Sz=11=A(2z-3)+ B(z+2)
Group the like terms.

Sr=11=A(2z-3)+B(z+2)
Sz-11=24z-34A+ Bz + 2R
Sz=11=24z+Bz-34+28

5z=-11=(2ZA+B)z-3A+28

Equate the coefficients on the left and right side of
the equation to form two equations with 2 variables.
In other words, the coefficients of the z-terms on the
left side of the equation must equal the coefficients
of the z-terms on the right side.

24+ 8B=5
—34+2B=-11
Use any method to solve the new system.
2A+B8 =5
B=5-24
S Gt |

—3A 420504y = —11
—34+10—44= —11

10-74= —11
—JA= —21
7A=21
A=3
B=5-2(3)

B=—1

Replace A and B with 3 and - 1 in the partial fraction
decomposition.

5z-11__ A B
2z +z-6 z42 22-3
5z-11 3 1
22°+2z-6 z+2 2z-3

ANSWER:

eSolutions Manual - Powered by Cognero

80.

3 1

z+2 2z-3
7 .
Tx*4+18x —1
2 D 4+2)
SOLUTION:

Rewrite the expression as partial fractions with
constant numerators, A and B, and denominators that
are the linear factors of the original denominator.

Tx* +18x-1 A B C
S = + +
(x"=Dx+2) x+1 x+2 x-=1

Multiply each side by the LCD, (x” —I){x +2).

T 4185 —1=A(x + 2 (x — D + B +D(x ) +Clr +1(x +2)
Group the like terms.
Txl 418 —1=A(% +3 =2 +B(* =1

+C(x" +37+2)

Tx’ +18x —1=Ax" +Ar —24 +B2" B
+Cx* +3Cx +2C

75’ +18x —1=Ax" +Bx” +Cx" +Ax
+3Cx —24 - B +2C

T2 +18x —1=(A+B +C)x* +(A+3C)x
—24-B +2C

Equate the coefficients on the left and right side of
the equation to form three equations with 3 variables.
In other words, the coefficients of the x-terms on the
left side of the equation must equal the coefficients
of the x-terms on the right side.

A+B+(C="7
A+3C =18
2A-B+2(=-1
Use any method to solve the new system.
A+EB+C=7
e i a2 e B R Pl
=AI =6
(+1A+3C =18
6C =24
=4
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C=4 Use any method to solve the new system.
A+3(4)=18 A+B=-9
A+12=18 B=-9-4
A=6 -34+3B=Y
6+B8+4=T ~3443(=9-4)=9
B4+10="1 -34-27-34=9
E= -3 -27-64=9
. . . ~64 =36
Replace A, B, and C with 6, —3 and 4 in the partial
fraction decomposition. A=-6
7 +18x-1 A . B C B=-9-(-6)
(*-Dix+2) x+1 x+2 x-1 B=-3

7x* +18x-1 6 3 4

- = +
(x"=-D(x+2) x+]1 x+2 =x-1

Replace A and B with —6 and — 3 in the partial

fraction decomposition.
9-9x_ A B
-9 x+3 x-3

ANSWER:
6 3 4 E}ﬂ—‘:]'.'l: _ —f & =3
.1"—.I_x+2+.1.'—l x=9 x+3 x-3
o 9=Ox ANSWER:
. x2 —Q ] N -3
+3 x-3
SOLUTION:- : g

Rewrite the expression as partial fractions with

constant numerators, A and B, and denominators that

are the linear factors of the original denominator.
0-9x A B
—= +
-9 x+3 x-3
Multiply each side by the LCD, X2 -9,

Q—Ox=A(x-3)+B(x+3)
Group the like terms.

9—9x=A(x—3)+B(x+3)
—9x4+9=Ax —34+Bx+ 38
-5 B S b S g ¥ S B 1
—Bx 48 =(A4BYx—344 38

82.

Verify each identity.
sin (6 + 180°) = —sin 6
SOLUTION:

sin(@ + 180" ) =sin @ cos 1 80 + cosPsin 1 80
=sin&(=1) +cos A{0)
==-sind

ANSWER:

sin{@ + 180" ) =sin #cos| &0 + cosFsin 180
sin&(-1) +cos &)

—giné

Equate the coefficients on the left and right side of
the equation to form two equations with 2 variables.
In other words, the coefficients of the z-terms on the
left side of the equation must equal the coefficients
of the z-terms on the right side.

A+B=-9

-34+3B8=9
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83.

84.

85.

sin (60° + 6) + sin (60° — 6) = \/3 cos @
SOLUTION:

5in(60° 4 6) + 5in(60° — )

=5in60°cosh + coss0°sinf + sin60°cos — coss0°sind

B b B B
=7 cosf9+25m9+ 5 cosf Zsmé?

23
= cosf#

= ﬁcos@
ANSWER:

5in(60° 4 6) + 5in(60° — )

=5in60°cosh + coss0°sinf + sin60°cos — coss0°sind

[T W
=7 cosf9+25m9+ 5 cosf Zsmé?

23
= cosf#

= ﬁcos@

Express each logarithm in terms of In 3 and In

7.

In 189

SOLUTION:

Inl89=mn(27-7)
=In27+In7
=In3 +In7
=3n3+In7

ANSWER:
3In3+In7

In5. 4
SOLUTION:

_ 5
In54=In _"'r+i |
9 )

49
=In—

g9
=In49-InY
=In7*-In3*

=2In7-2In3

ANSWER:
2In7-2In3

eSolutions Manual - Powered by Cognero

86.

87.

In 441
SOLUTION:
Indd] =In(9-49)
=n9+Ind9
=In3*+In7*
=2In3+2In7
ANSWER:
2In3+2In7
(
|ni
343
SOLUTION:

g
In—=In9-1n343
343

=In3 -In7

=2In3-=3In7

ANSWER:
2In3-3In7

Find eachf (c) using synthetic substitution.

88.1(x) = 6x° — 9x* + 12x° — 16x% + 8x + 24; c = 6

SOLUTION:
6/ 6 0 -9 12 -6 8 24
36 216 1242 7524 45048 270336
6 36 207 1254 7508 45056 |270360

The remainder is 270,360. Therefore, f (6) = 270,360.

ANSWER:
270,360

89.(x) = 8x° — 12x* + 18x° — 24x° + 36x — 48,c = 4

SOLUTION:
4 8 -12 18 -24 36 48
32 80 392 1472 6032
8§ 20 9% 368 1508 [5984

The remainder is 5,984. Therefore, f (4) = 5,984.

ANSWER:
5984

Page 33



8-2 Vectors in the Coordinate Plane

90. SAT/ACT If PR = RS, what is the area of triangle

PRS?
R
6

o
P _ S

A 92
B 93
C 182
D 1843
E 33

SOLUTION:
If PR = RS, then RS =6 and % =30° as shown.
R
& 6
] &
p ah a0 3

Therefore, R =120°. Using <R, PR, and RS, the
area of the triangle can now be found.

l 3
Arca=—hcsin A
2
= %{mimsin 120

o)

2

LY
=93
The correct answer is B.

ANSWER:
B

eSolutions Manual - Powered by Cognero

91. REVIEW Dalton has made a game for his younger

sister’s birthday party. The playing board is a circle
divided evenly into 8 sectors. If the circle has a
radius of 18 inches, what is the approximate area of
one of the sectors?

F 4in°

G 2in’
H 127in?
J 254in°

SOLUTION:
Find the area of the circular board by substituting r =
18 into the formula for the area of a circle, A = ar’,
A=m

=n(l8)°

=324morabout 10179
The area of one of the 8 sectors is 222% = 127.2

s
square inches.
The correct answer is H.

ANSWER:
H
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92. Paramedics Lydia Gonzalez and Theo Howard are 93. REVIEW Find the center and radius of the circle

moving a person on a stretcher. Ms. Gonzalez is
pushing the stretcher from behind with a force of

135 newtons at 58° with the horizontal, while Mr.
Howard is pulling the stretcher from the front with a
force of 214 newtons at 43° with the horizontal.
What is the magnitude of the horizontal force
exerted on the stretcher?

A 228N

B 260N

C 299N

D 346N

SOLUTION:
Diagram the situation.

i P, i+

-
¥q stretcher X3

Since Ms. Gonzalez and Mr. Howard are pushing
and pulling the stretcher in the same direction, the
horizontal forces will both be positive. Calculate the
magnitudes of both horizontal forces X, and X,

x, = 135cos 58 X, =214cos43
=715 =136.5
The magnitude of the horizontal force exerted on the

stretcher is about 71.5 + 156.5 or 228 newtons.
The correct answer is A.

ANSWER:
A

eSolutions Manual - Powered by Cognero

with equation (X — 4)2 + y2 -16=0.
F C(—4,0); r =4 units

G C(-4, 0); r = 16 units

H C(4, 0); r =4 units

J C(4,0); r =16 units

SOLUTION:

Write the equation in standard form as (x — 4)2 + y2
= 16. The circle has a center at (4, 0) and a radius of
4.

The correct answer is H.

ANSWER:
H
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Find the dot product of u and v. Then
determine if u and v are orthogonal.
1. U={3= _5},V= {'5,2}
SOLUTION:
usv ={3,—5}-{ﬁﬁ2}
= 3(6) + (—5)(2)
=8

Since u+v =0 uand V are not orthogonal.

ANSWER:
8; not orthogonal

2.u={—10, =16) y={ —8 5)

SOLUTION:

usv ={-10,-16)s(-8,3)
==1{=8) + (=16)(5)
=10

Since u+v =10 uand Vv are orthogonal.

ANSWER:
0; orthogonal

3. u= {95 _3}, Vv ={1= 3}
SOLUTION:

=9(1) +(-3)(3)
=0
Since u+v =10 uand V are orthogonal.

ANSWER:
0; orthogonal

4. u :{4= _4}, \ ={?= 5}
SOLUTION:
u=v ={4,—4:|--'{?,5:;|
=4{7)+(—4)(5)
=&

Since u+v =0 uand V are not orthogonal.

ANSWER:
8; not orthogonal

eSolutions Manual - Powered by Cognero

5.u= {11 _4},V= {2= 8}

SOLUTION:
usv= {l,—'—i:}-{:lﬂ:}
= I(2) +(—4)(8)
= =30
Since usv # 0 uand V are not orthogonal.

ANSWER:
—30; not orthogonal

LU=11i+7;v=—Ti+ 1]

SOLUTION:
Write u and v in component form as
u={(11,7)and v={-7,11).
usv= -'{l 1, ?:}-{j—?,l 1}
=11(-T)+7(11)
=0
Since u=v =10 uand Vv are orthogonal.

ANSWER:
0; orthogonal

cu={—4.6)v={ -5 -2

SOLUTION:
usv= {—4,’5:}-{:—5.—2}
= —4{=5) + 6(-2)
=8
Since us+v # 0 uand V are not orthogonal.

ANSWER:
8; not orthogonal

.U=8i+6j;v=—i+2

SOLUTION:
Write U and v in component form as
u= {3.5.!} and v = {—LE::'.
usv= {R,ﬁ}-{—l,z}
=8(-1)y+6(2)
=4
Since u+v =0 uand V are not orthogonal.

ANSWER:
4; not orthogonal
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9.

10.

SPORTING GOODS The vector u = {406,297}
gives the numbers of men’s basketballs and
women’s basketballs, respectively, in stock at a
sporting goods store. The vector v = {27.5,15)
gives the prices in dollars of the two types of
basketballs, respectively.

a. Find the dot product u . v.
b. Interpret the result in the context of the problem.

SOLUTION:

a.

usv=(406,297)+(27.5,15)
= 406(27.5) +297(15)
=15,620

b. The product of the number of men’s basketballs
and the price of one men’s basketball is 406 - 27.5 or
$11,165. This is the revenue that can be made by
selling all of the men’s basketballs. The product of
the number of women’s basketballs and the price of
one women’s basketball is 297 - 15 or $4455. This is
the revenue that can be made by selling all of the
women’s basketballs. The dot product represents the
sum of these two numbers. The total revenue that
can be made by selling all of the basketballs is
$15,620.

ANSWER:

a. 15,620
b. The total revenue that can be made by selling all
of the basketballs is $15,620.

Use the dot product to find the magnitude of
the given vector.
m=4{—311)

SOLUTION:

Since |m|: =me+m. then |m| = qﬁ_
o = e

()= -

=+/130 orabout 11.4

ANSWER:
J130 =114

eSolutions Manual - Powered by Cognero

11.

12.

13.

r= { - 9: _4}
SOLUTION:

Since |r|: =rer, then |r|=/rer.
Ir| = .“I':
[(-9.4)| = \/(-9.4)+(-9.4)

=.J{-9) +4°

=+/97 orabout 9.8

ANSWER:
\ll"'ﬁ =498

n=4{612}%
SOLUTION:

Since |n|: =ne+n, then |n| = Jnen.

In[= Jn-n
(6,12)] = [(6.12)+(6,12)

= 6% +12°
= /180
= 65 orabout 13.4

ANSWER:

65 =13.4
V = {1, — 18}
SOLUTION:

Since |vi: = vev, then |v|= .qm.

vl :\."ﬁ
J325

5./13 orabout 18.0

ANSWER:
5413 =18.0
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14.p={—71 —2
SOLUTION:
Since |p|: = p+p. then |p| = vﬁ
pl=p-p
ERIN =y
= (=7 +(-2)°

'__"1 S
=+/33 grabout 7.3

ANSWER:
53273

15.t=123, —16)

SOLUTION:
Since |t|: =tet, then [t| = .\frtTt_
[t = et

(23,-16)| = [(23,-16)(23,-16)

=4J23% + (-16)°

= /785 orabout 28.0

ANSWER:
785 =280

eSolutions Manual - Powered by Cognero

16.

Find the angle & between u and v to the

nearest tenth of a degree.
U:{[l _5},V= {L _4}

SOLUTION:
cos=2V
[l vl
. {0, =35y {1, —4}
cosf =20 —syL, —4))
S——— (L H{=5) (=4

02+ (=512 + (—4)?

s 0420
VO+25y1+16
cowd = 20
[25(17
cosﬁ'=£
17
cosd =i
7
|5'=|::-::|:a_1i
7
f=14.0°
ANSWER:
14.0°
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17.u=1{7,10) v={4, —4)

SOLUTION:
cos=2 ¥
[l v
_ {7.10) - {4, —4}
cos0 =T T0yra. =4
— 2?-4;—102(—4} 2
V72 410742 4 (—a)
cosd — 284 ( —40)
/49 +100y/16 +16
cosf = —12
,‘.'149 32
cosf = —12
J149 - 4y/2
cosf = —12
4208
cosf = —3
#298
Ei'=|:-::-q_1 —3
#298
6=1000"
ANSWER:
100.0°

eSolutions Manual - Powered by Cognero

18.u=1{—24) v={2 —10)

SOLUTION:
posfel ¥
[ v
cosf — {—2.4) {2, —1Y

{—2.4)I{2, —10)I
(—2)24+4(—10)

cosd = :
(—2)" +4%y2" +(-10)’
N I
V4 +16y/4 +100
cosfl = G
V204104
cosf = —4
44130
cosd = —11
130
H:n:o-;_l —11
130
6=1647°
ANSWER:
164.7°
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19.u==2i+3j,v=—4i-2 20u={—%0)v={—-1 =1
SOLUTION: SOLUTION:
Write U and v in component form as cosf = ;111|-|:|
u={-23)and v=(-4,-2). ; . G ) O,
e cosf = —— -
cosd = ialv] I{ 9,(0}”{9)(1, 1:Il}—:_O( ;
(=242 =5 o —9)(— 25
cosf = ! CRM=
(=2, 3 —4, =2}l J(_Q)EJFUEJ(_OI“_D?
— (=3 —a)
R 7 3 ] 3 cosﬁ'=—9+0
I/(_EJ +3(=4) +(-2 V81+0y/1+1
cosﬂ:M cosf = -
/4 +9/16 +4 8142
2 9
costl = —— s =——
y‘ﬁ@ cos 9VE
cosf = ——==—— cosf =L
iz r
2
cosl=——— s -1 1
2@ #=rcos ﬁ
u:osfi':L §=450°
7=
G oyt ANSWER:
—ees Jes 45.0°
g=829°
ANSWER:
82.9°
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2l.u=—i-3,v=-7i—3 22, u=1{60} v=1{—10,8)
SOLUTION: SOLUTION:
Write U and Vv in component form as cosf =L ¥
u=(-1-3) and v ={-7,-3) huliv]
\ 2 '.__ P
cosf =V cosf = {650}.{_10’8}
T vl i ' {6, 0y11{ —10, 8}
cost = b lebedod =)

=1, =3){—7, —3)I - 6 —10) 4+ 0(8)

S ) e e D1 =) -2 2 2 2
cosf = J(_12+(_3))2J(_;)2+3‘(_3)3 & +|:| (—10) +8

- —5040
cosﬂzi cost = i
Vi+9/49+9 /36 +0y/100 + 64
cosﬂ:i s ——'50
m@ cosd EM
cosd = 16 —&0
2145 cost =
cos;Ei'zL 12'/5
U!E g cost = =
-
#=cos U{E JE
§=434° Pl fug ezl
ANSWER: :{E
48.4° #=141.3
ANSWER:
141.3°
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8-3 Dot Products and Vector Projections

23.u=-10i +]j, Vv = 10i -5 24. CAMPING Regina and Luis set off from their
campsite to search for firewood. The path that
SOLUTION: P g

) ) Regina takes can be represented by u = (3 =9,
Write U and v in component form as The path that Luis takes can be represented by v =

u={-10,1) and v=(10,-5). { =7, 6). Find the angle between the pair of vectors.
uv
L e SOLUTION:
cosp = A —10. 1 {10, —3) Use the formula for finding the angle between two
[§ =10, 11§10, — 3531 vectors.
cosd = (_21':':'1':'4'1(—5) cosf = ——
(—10)" +7y10% + (-5’ Jui1v] |
9 {3" _i}'{._?"'ﬁ}
i _ cosf = = et
cosf = il o) |{—"!:. {—T.ﬁu}g
100 41y 100 4+ 25 : L
/100 +1/100 + cosp - —2LEC30)
T i ) Ja ks
y101y/125 i
cosd = 1710
I8 8 1 L orabout161.6
=05 arapoutlol . H
cosd 4 1710
¥ 505
ANSWER:
T
f=cos —— about 161.6°
y 305
f=159.1°
ANSWER:
159.1°
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8-3 Dot Products and Vector Projections

25.

Find the projection of u onto v. Then write u as
the sum of two orthogonal vectors, one of which
is the projection of u onto v.
u=3i+6j,v=-5+2j

SOLUTION:

Write u and v in component form as

u= {:3,6:} and v = {—5,2:}.

Find the projection of u onto V.
f 3

| uev |
proj,u = :Jv

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W,, or U =W, + W,. Since one of the vectors is the

projection of u onto Vv, let w, = proj, U and solve for

W2.
uU=wj+wa
u—w]=wa2
- 15 o
3.6 ~|5g- ~o9|=W2
[8? 1?4) (_ —i)—w
2 29 o 2
[E 180
297 29
'15 6! ."'T.'I IHi]"-
Thus, u*(- }l\ }
'..2‘:]' 19.' -.2‘::" ?E?
ANSWER:
ot i [15 64 l."rl-“ ﬁ1"‘| {712 IHCIS

. 6\ [7121%0
29729/ \29 29/ T\

eSolutions Manual - Powered by Cognero

26. u:{i?},V:{ _414}

SOLUTION:

Find the projection of U onto v.

g
2 U=y
proj,u = :]v
LY

To write U as the sum of two orthogonal vectors,

start by writing U as the sum of two vectors w; and
W,, or U =W, + W,. Since one of the vectors is the
projection of u onto Vv, let w, = proj, U and solve for

W2.

u=wj; +twa
u—w];=w3
5N —{—-1L1y=wa
{6,6) =w2

Thus, u= { 1, I:',' - {ﬁ.ﬁ}.

ANSWER:
proj, u =1 =L u={—11)+{66)
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8-3 Dot Products and Vector Projections

27. u={8=2},vz{ _4= ]'}

SOLUTION:
Find the projection of U onto V.

proju = [ = '_T v
S

_ /120 30"
ik g |?)

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W,, or u=Ww, + W, Since one of the vectors is the

projection of u onto v, let w; = proj,u and solve for

W,
u=wj]+wa
U—W]=W3
120 30
== f=Ns
1.‘:6 _':4 120 30\
=|-(55 -5 =w2
81
T 2
120 {] 16 f-l"
Thus,u={ g :{‘ }
. 1?; \17 m
ANSWER:
_,Hzn 30 _(;‘1_2_(_1__3(;') <I6 64\
proj, u={ - 17;' \17° 17/ T \17°17/

eSolutions Manual - Powered by Cognero

28.u=6i+j,v=-3i+9

SOLUTION:

Write U and v in component form as
u=(6,1)and v=(-3,9).
Find the projection of U onto v.

E [IJ'\"
proju=| —= |v
v ]

-39
_—}‘* \j{ 3,9)

(-3.9)
—18+9,

=( 9{}]"1

=9, =21.3.9)
o f
|

=——(-3.9
10" B

.'r"- 9\

Elu 10

-39

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors W, and

W,, or u=Ww, + W, Since one of the vectors is the

projection of u onto v, let w; = proj,u and solve for

W2.
nu=wj]+wa
nu—wj]=w2
(61| —=|=w2
: 107 10
[ﬂ Ll o o I ¥ e
JTTRTr I BT e T 2
[E iy
ke e
H {57 1¢
Thus, u-f : &T J).
\10° tﬂf 10710
ANSWER:
-"_s 9 (57 i‘:}"u,
_ Vg
proj, u {m ) \m BT, {m 10/
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8-3 Dot Products and Vector Projections

29.u:{2=4:’,v={ _318}

SOLUTION:
Find the projection of U onto V.

proj,u =

[ 78 208\
\"713 73/

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W,, or U =W, + W, Since one of the vectors is the
projection of u onto Vv, let w; = proj, U and solve for

W2.
u=wj+wz
u—w]=w2
78 208|
t2.4) ( L b
146 292 _( 78 208 _
73" 93 73" 73 2
224 84\ _
PERG Y it
78 208 224 84
Thus, u= \ { H"
Capmrags JIT \TaE L,f
ANSWER:
W/ u—-<— 7}_% 2i}8> __('_?_'ﬁ 2(}_:-‘._") " <224 R-l\\
BR 737 73 \ 737 73/ 73713

eSolutions Manual - Powered by Cognero

30.u={ _519},V={6=4}

SOLUTION:
Find the projection of U onto V.

| [u-v]
proju =| —- |v
(M

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and
W,, or U =W, + W,. Since one of the vectors is the
projection of u onto Vv, let w; = proj, U and solve for
W,

u=wj+wa
u—wj]=Ww3

[ —5,9) — i,i

15" l: 13

[ 74 111
137 13

[ 65 117"

AP ARIN
)+ {

' 1B A
ANSWER:

_[® > /9 6\ |7 |||>
proj, u=\13.13 4 =\13* 3,:' \ 13° 13
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8-3 Dot Products and Vector Projections

31. u=5i -8,V =6i — 4

SOLUTION:

Write U and v in component form as
u=(5-8)and v=(6,-4).

Find the projection of U onto v.

"
u=v

proj,u =
¥

(5,-8)+(6

¥

(my
62

—dY
3j{r 4)

3,

=2Z 164
{93 62\

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W,, or U =W, + W, Since one of the vectors is the

projection of u onto Vv, let w; = proj, U and solve for

W2.
nu=wjt+wza
nN—W]=Ww3
93 62\

(5. =8 —|73. —13)=¥2
[E = 104N, 183 82 o
H 3 3% g} 2

[ 28 _42)_
13’ 13 2
93 62\ “2:»1 42!
Thus, uf(---J J =)
\13 |3;‘ 13/
ANSWER:

. 9 62\ ;93 62\ ( 28 42\
proj, u={—.- o) B
13° 155 BT B

eSolutions Manual - Powered by Cognero

32.u=-2i-5,v=0i+7]

SOLUTION:

Write U and v in component form as
u={-2,-5)and v={9,7).
Find the projection of U onto v.

proj,u =| — |v
v

[_477 371
\ 1307 130/

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W,, or u=Ww, + W, Since one of the vectors is the
projection of u onto v, let w; = proj,u and solve for

W2.

u=wj+wa
nL—Wj]=W3

477 371\ _
(=B =gy =qgg "2
[_@ _@)_(_47? ;.
130° 130 ETRET T it
[21? 2?9)_
130" w2
4?? TTI [217 279
"\ 1307 130 1307 130/
ANSWER:
_(Am s\ ([ e "?1>+I21? 219\
proj, u = (=135 130/ ~\"130" 130/ * \130" 130/
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8-3 Dot Products and Vector Projections

33. WAGON Malcolm is pulling his sister in a wagon up

a small slope at an incline of 15°. If the combined
weight of Malcolm’s sister and the wagon is 78
pounds, what force is required to keep her from
rolling down the slope?

SOLUTION:

The combined weight of Malcolm’s sister and the
wagon is the force exerted due to gravity,

F =(0,=78). To find the force —~w; required to keep

her from sliding down the slope, project F onto a unit
vector V in the direction of the side of the hill.

Find a unit vector V in the direction of the side of the
hill.
v ={|v|cos8,|v|sin )

= (I{cos15°).I(sin 15 )

= (0.966,0.259)

Find w,, the projection of F onto the unit vector v,

proj, F.
w1=proj,F
. (F -V )
— 2 Y
[v]
=(F-v)v
= ({0, —78) -{0.966,0.259))v

= —20.2v

Since W, points down the hill, the force required is

—W,; = —(—20.2V) or 20.2V. Since V is a unit vector,

20.2 pounds represents the magnitude of the force
required to keep Malcolm’s sister from sliding down
the hill.

ANSWER:
about 20.2 Ib

eSolutions Manual - Powered by Cognero

34. SLIDE Isabel is going down a slide but stops

herself when she notices that another student is lying
hurt at the bottom of the slide. What force is
required to keep her from sliding down the slide if
the incline is 53° and she weighs 62 pounds?

SOLUTION:
Isabel’s weight is the force exerted due to gravity,
F ={0,-62) . To find the force —W, required to keep

her from sliding down the slope, project F onto a unit
vector V in the direction of the side of the hill.

Isabel

Find a unit vector V in the direction of the side of the
hill.

v ={(|v|cos.|v| sinH}.-
= (1(cos53'), I(sin33'))

= {0.602,0.799)

Find w,, the projection of F onto the unit vector v,

proj, F.
wi=projyF
=)
= 2 At
[v]
=(F-v)v
= ({0, —62y -{0.602, 0.799))v

= —49. 5w

Since w; points down the hill, the force required is
—W, =—(—49.5v) or 49.5v. Since V is a unit vector,
49.5 pounds represents the magnitude of the force
required to keep Isabel from sliding down the slide.

ANSWER:
about49.5 Ib
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8-3 Dot Products and Vector Projections

35. PHYSICS Alexa is pushing a construction barrel up

aramp 1.5 meters long into the back of a truck. She
is using a force of 534 newtons and the ramp is 25°
from the horizontal. How much work in joules is
Alexa doing?

SOLUTION:

Use the projection formula for work. Since the force
vector F that represents Alexa pushing the

construction barrel up the ramp is parallel to 4B, F
does not need to be projected on AB . So,
F =proj .F . The magnitude of the directed distance

AB is 1.5,

W = |proj ;F|| B|
= |F|| 45|
= (534)(1.5)
=801

Verify the result using the dot product formula for
work. The component form of the force vector F in
terms of magnitude and direction angle given is

(534c0s25".5345in25") . The component form of

the directed distance the barrel is moved in terms of
magnitude and direction angle given is

fs = = - =
{1.5c0os25",1.5sin25 )

W =F+ARB
={534coszs _534sin 25 }-{1.5coszﬁ“.1.55in 25')

=(534c0s25")(1.5c0825" ) +(534sin 257 )(1.551n 257)
=801

The work that Alexa is doing is 801 joules.

ANSWER:
801 joules

eSolutions Manual - Powered by Cognero

36. SHOPPING Sophia is pushing a shopping cart with

a force of 125 newtons at a downward angle, or
angle of depression, of 52°. How much work in
joules would Sophia do if she pushed the shopping
cart 200 meters?

SOLUTION:
Diagram the situation.

projaz F

Use the projection formula for work. The magnitude
of the projection of F onto AB is
|F|cos® = 152¢0s52". The magnitude of the directed
distance AB is 200.
W= |proj_l,l.iFi|A H|

=(125¢cos327)(200)

=[53915

Therefore, Sophia does about 15,391.5 joules of
work pushing the shopping cart.

ANSWER:
about 15,391.5 joules
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8-3 Dot Products and Vector Projections

37.

Find a vector orthogonal to each vector.
{—2, —8)

SOLUTION:
Sample answer: Two vectors are orthogonal if and
only if their dot product is equal to 0. Let
a={-2,-8) and b ={x.y}. Find the dot product of
aand b.
ash=(-2,-8)«(x, y)

==2x+{=8)y

=-2x-38y

If aand b are orthogonal, then —2x — 8y = 0. Solve
fory.
-2x-8y=0

=2x =8y

=y

ke -i.
4

Substitute a value for x and solve fory. A value of x
that is divisible by 4 will produce an integer value for
y. Let x = —12.
X
B~
4
(-12) _
PR
I=y
A vector orthogonal to {-2,-8) is {-12,3).

ANSWER:
Sample answer: { —12, 3}

eSolutions Manual - Powered by Cognero

-

38.1{3.5)

SOLUTION:

Sample answer: Two vectors are orthogonal if and
only if their dot product is equal to 0. Let

a={3,5) and b ={x.y). Find the dot product of a
and b.
ash=(3.5)+(x.y)
+

=3x+35

If aand b are orthogonal, then 3x + 5y = 0. Solve for
y.

3x+3y=0

x==5y

| led

X
i =y

5

Substitute a value for x and solve fory. A value of x
that results in a value for 3x that is divisible by 5 will
produce an integer value fory. Let x = 10.

3x

;I

5
6=y

310) _

A vector orthogonal to (3,5) is {10,-6).

ANSWER:
Sample answer: {10, — 6}
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8-3 Dot Products and Vector Projections

39.{7, —4)

SOLUTION:

Sample answer: Two vectors are orthogonal if and
only if their dot product is equal to O. Let

a={7,-4) and b ={(x, y}. Find the dot product of a
and b.
asb=(7,~4)+(x, )

=Tx+{-4)y

=Tx-4y

If aand b are orthogonal, then 7x — 4y = 0. Solve for
y.

Tx—dy=0
Tx=4y
Tx
- =¥
R

Substitute a value for x and solve fory. A value of x
that results in a value for 7x that is divisible by 4 will
produce an integer value fory. Let x = 8.

A vector orthogonal to {7.-4) is (8,14).

ANSWER:
Sample answer; {2, 14}

eSolutions Manual - Powered by Cognero

40.{ —16)

41.

SOLUTION:
Sample answer: Two vectors are orthogonal if and
only if their dot product is equal to 0. Let
a={-1.6) and b ={x.)). Find the dot product of a
and b.
ash=(-16)+{x,y)

=(=Dx+6y

=-x+b6y

If aand b are orthogonal, then —x + 6y = 0. Solve for
y.
—x+6y=0

-x==6y

= '1,‘

X
i

Substitute a value for x and solve fory. A value of x
that is divisible by 6 will produce an integer value for
y. Letx = 6.
X )
b
®_,
ﬁ ——
l=y

A vector orthogonal to (1,6} is {6,1).

ANSWER:
Sample answer: 45, 1}

RIDES For a circular amusement park ride, the
position vector I is perpendicular to the tangent
velocity vector Vv at any point on the circle, as shown
below.

‘Prgav®

Front View Top View

a. If the radius of the ride is 20 feet and the speed
of the ride is constant at 40 feet per second, write
the component forms of the position vector r and the
tangent velocity vector V when r is at a directed
angle of 35°.
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8-3 Dot Products and Vector Projections

b. What method can be used to prove that the Given v and u - v, find u.
position vector and the velocity vector that you 42.v={3, —6) u-v=33
developed in part a are perpendicular? Show that the

P s SOLUTION:

two vectors are perpendicular.
: =({x,y). itute U, v
SOLUTION: Sample answer: Let u = {x, v . Substitute u, v, and

. L u-v into the equation for a dot product.
a. Diagram the situation. a P

usv = {1)}-1"' —6}

33 = x(3) + y(=0)
33=3x-6y
Solve fory.
Drawing is not to scale. B=x-0y
33-3x=-0y
The component form of r can be found using its JL=% .
magnitude and directed angle. e .

r= {|r|cus 5‘.|r§sin-§':}
/ - oo Substitute a value for x and solve fory. A value of x
={20¢0535",205in 35" ) . R
\ / that results in a value for 11 — x that is divisible by

=(16.38.11.47) —2 will produce an integer value fory. Let x = 5.
' 11-x
=y
The component form of v can be found using its -2 )
magnitude and the 55° angle. Since the direction of 1n-5_.
the vector is pointing down, the vertical component -2
will be negative. 3=y
v={|v|cosé, |v[sin&) Therefore, u = (5.-3).

= (4:]:.:93 55°.—40sin 55 } ANSWER:

! \ -
={22.94,-32.71) Sample answer: u = {3, —3)

So, r={16.38,11.47) and v =(22.94,-32.77).

b. If the dot product of the two vectors is equal to 1,
then the two vectors are orthogonal or perpendicular.
To avoid rounding error, use the exact expression for
the components of the vectors found in part a.

r-v:{zﬂcoss_% ,20sin35 }-{4(Jc0555 .~40sin 35

=(20cos35 }40cos55" ) +(20sin 357 )(=40sin557)
=0

ANSWER:
a.{16.38,11.47) {22.94, —3277)

b. dot product;

{20c0s35° H40c0s557) + (20s5in 357 )(—40sin 557) =0
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8-3 Dot Products and Vector Projections

43.v=1{46) u-v=38

SOLUTION:
Sample answer: Let u = {x, v}. Substitute u, v, and
u+v into the equation for a dot product.
uev={x,y}+(4,6)

38 =x(4) + ¥(6)

J8=4x+6y

Solve fory.

B=dx+by

38 -4dx =06y
19-2x

P

o
Substitute a value for x and solve fory. A value of x
that results in a value for 19 — 2x that is divisible by 3
will produce an integer value fory. Let x = —1.

19 —2x
=S
19 —2( -1
=
21 _
3 =Y
T=y

Therefore, u = {-17).

ANSWER:
Sample answer: u={ — 1,7}

eSolutions Manual - Powered by Cognero

4. v={—=5 -1 u-v=-8
SOLUTION:

Sample answer: Let u = {x, v}. Substitute u, v, and

u+v into the equation for a dot product.
usv = {.1:,)':}'{—5. = ]:l
=8 = x(=5)+ y(=1)
8=-5x-y

Solve fory.

-8=-5x-y
—B+5x=-y

8-35x=y¥

Substitute a value for x and solve fory. Let x = 1.

B-3x=y
B-5l=yw
J=y

Therefore, u={(13).

ANSWER:
Sample answer: u = {1, 3}
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8-3 Dot Products and Vector Projections

45.

46.

v={—2 T u-v=-43
SOLUTION:

Sample answer: Let u = {x, v}. Substitute u, v, and

u+v into the equation for a dot product.
uev={x,y)(-2,7)

=43 = x(=2)+ v(7)
43==-2x+Ty
Solve fory.
—43=-2x+Ty
=434+ 2x=Ty
-43+2x ”
.? _-

Substitute a value for x and solve fory. A value of x
that results in a value for —43 + 2x that is divisible by
7 will produce an integer value fory. Let x = 4.

A, ST
—? =
AN EEE

g, P
235
7 _..}?
—5=y

Therefore, u = (4,-5).

ANSWER:
Sample answer; u = {4, —3)
SCHOOL A student rolls her backpack from her

Chemistry classroom to her English classroom using
a force of 175 newtons.

a. If she exerts 3060 joules to pull her backpack 31
meters, what is the angle of her force?

b. If she exerts 1315 joules at an angle of 60°, how
far did she pull her backpack?

SOLUTION:

eSolutions Manual - Powered by Cognero

a. Use the projection formula for work. The
magnitude of the projection of F onto AR is
|F|cos@ = 175cos@. The magnitude of the directed

distance AR is 31 and the work exerted is 3060
joules. Solve for 6.

W = |proj || 4B|
3060 = (175c0s8)(31)
0.564 =cos 8
cos ' 0564 =8

557 =@
Therefore, the angle of the student’s force is about
55.7°.

b. Use the projection formula for work. The

magnitude of the projection of F onto AB is
|Flcos@ = 175cos60". The work exerted is 1315

joules. Solve for AR .

W =|projF|[48
1315 = (175cos 60 }|AB|
.]3—”' ! AH|
(175¢cos60")
15.0 x./”‘f|

Therefore, the student pulled her backpack about 15
meters.

ANSWER:

a. about 55.7°
b. about 15 m
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8-3 Dot Products and Vector Projections

47.

Determine whether each pair of vectors are
parallel, perpendicular, or neither. Explain your

reasoning.
{2 3".
u:|'l—__‘- )1V:{9,8}
\ 34
SOLUTION:
Find the angle between uand v.
cusf—]‘—uw
Juflv]
[ 23\ o
l'_"‘4).q'-9‘3*?
cosf = E 7 —
&y (9.8)
I'|_ 3 4.'., Y !
cosf = sl

Since u - v =0, the two vectors are orthogonal
(perpendicular). The equation can be further worked
out to verify this conclusion.

COSISI e —
145
T |,|'145
cosd =10
g=90°

Perpendicular; sample answer: Since u - v =0, the
vectors are perpendicular.
ANSWER:

Perpendicular; sample answer: Since u - v =0, the
vectors are perpendicular.

eSolutions Manual - Powered by Cognero

48.

49.

u:{ _]':' _4},V:{3=6}

SOLUTION:
Find the angle between u and v.
cost = u;w
jullv]
(=L —4)+{3 &)
cogl =2t )+(3.6)
(L6)
~34(-24)
cost =
17445
-3
cost = 'l
i85
8 =cos”' iorabout]ﬁ?.ﬁ
3,85

The pair of vectors are neither parallel nor
perpendicular. Using the formula for the angle
between two vectors, § ~ 167.5°.

ANSWER:

Neither; sample answer: Using the formula for the
angle between two vectors, 6 ~ 167.5°.

u:{S,?},V: FEy, ey
SOLUTION:
Find the angle between u and v.
cos@ = ¥
ul|v|
5. 7%{-15,-21)
cost = {j ) i,‘ j L
(.7)[-15.-21)
=75+(=147)
cosl = — A
J74-/666
=222
cost =
222
cost =—

8 =cos '(~1)orl80
The vectors are parallel. The angle between the two
vectors is 180°. They are headed in opposite
directions.

ANSWER:

Parallel; sample answer: Using the formula for the
angle between two vectors, cos & =—1. The angle
between the two vectors is 180°. They are headed in
opposite directions.
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8-3 Dot Products and Vector Projections

50.u={secf csct) yv={csct, —sech) Find the angle between the two vectors in
radians.
SOLUTION: .- ﬂl' o T (3m~_ . [rhx_
Find the angle between u and V. goal ).' +Sn jJJ V= ':DSR 3 Jl +sin \ '4"JJ
cosf = —— )
|u||v| SOLUTION:

{su: o i 9‘ {csc 0. —soc 3.5 Simplify each vector.

cos [11:". : [n“. EL AT 3
u = Cos —!l+$ln —Jj v—ms[— 1+51n —J
3) 3 4 4
descd HN—secd =
- ﬂ'”“ - IS L
|(sec8.csc8)||(cscd, —secd)| =i =l ]
g secescl —secHescd
|(sec@.csc@)| | (cscl,—secd | Find the angle between U and v.
0 t:-::-sﬂ:ﬁ
cosd = 1| v
[(sec8.cscO)|(csch.—seco)| (1 ) )
2

Since u - v =0, the two vectors are orthogonal
(perpendicular). The equation can be further worked
out to verify this conclusion.

0

3
s =
R [{sech, cscl)||(csch, —sech)| _E _|_T6

4

cost =0 cos = JﬁJm

g=190° 4 4V 4 4
2 G

Perpendicular; sample answer: Since U - v =0, the

vectors are perpendicular. e 41 "1‘ a4
ANSWER:
Perpendicular; sample answer: Since u - v = 0, the A _2 + E
vectors are perpendicular. 4 4
2 6
f=cos e + &
g="175
Thus, the angle between the two vectors is ?158.51: =
Sm
12
ANSWER:
Sm
12
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8-3 Dot Products and Vector Projections

=Y. . . [(=). Sm). L
52. u=cos| — i+sin| — J,v=00s8| — |i+sin
6 L4 L4

SOLUTION:
Simplify each vector.

f?‘ﬂ:]. . (T‘.‘t"‘.
u=cos| — |i+sin| — |j
6 GJ

\ \

Find the angle between u and v.
m-v

[ lw|

-

\(£

cosf =

“|"°“1

cosd =

Thus, the angle between the two vectors is LI
B 0
oz

ANSWER:

i

12

eSolutions Manual - Powered by Cognero

). . (=Y. 2n 2n Y,
53. u=cos| — li+sin| — |j, v=cos 1+sin| — |}
(i1 B 3 3

SOLUTION:
Simplify each vector.

[11:“. ; [n] [2?‘:]. 2=
u=cos| — n+sm| — (] Y =008 — 1 +51n| —
ﬁJ 6 3 Lh

N A

= m— g — :——|+—
2 21 2 EJ

Find the angle between u and v.

cosf =Y
[l
YER AWAR VAR
cosge L2 '2) N
) <\ﬁ l> l'll_l 1.'".:31".,
\ 2’2 {\, 2hay
_v"§+u'{§
G il
TR w_. 5\
_.gz*zl g
4]
0=
ks (JE \|/ 1 43\
22\ 7272

Since u - v =0, the two vectors are orthogonal
(perpendicular). The equation can be further worked
out to verify this conclusion.

0
cosf =
i'r_ 1 1 £
2792
cosd =10
#=90°
Thus, the angle between the two vectors is 9;}:}-;1;
I
5
ANSWER:
L
2
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8-3 Dot Products and Vector Projections

e o) = TR A
54. uzms[ i +5in |j, V = COs |+5m[ ];
4/ 4 | \ 6 o,

1
e

SOLUTION:

Simplify each vector.
(n:"*.. ). (5%, . [5x)
u=cos| — [i+sin| —|j v=cos| = |i+sin| —
\4) L“‘J xf’J k'-r"J
N N
= ] = —] ==——i+—]
2 2 2 2

»

Find the angle between u and v.

cosf =2 Y
[z |
vz 2 . 31
7\ T
cosd =
vz y2 31
T2
& 2
cosfd = _§+§
TR w BdE il
aTaya Ty
4 2
cosd = _T+T
' 1-1
,_ Vs
cosfd = —T-I-

Thus, the angle between the two vectors is
105w _
180 e

ANSWER:
in
12
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55.

56.

WORK' Tommy lifts his nephew, who weighs 16
kilograms, a distance of 0.9 meter. The force of
weight in newtons can be calculated using F = mg,
where m is the mass in kilograms and g is 9.8 meters
per second squared. How much work did Tommy do
to lift his nephew?

SOLUTION:

The force that Tommy is using to lift his nephew is F
=16 - 9.8 or 156.8 newtons.
Diagram the situation.

A

AB

F

Use the projection formula for work. Since the force
vector F that represents Tommy lifting his nephew is

parallel to AB | F does not need to be projected on
AB . So, F = proj .F . The magnitude of the directed

distance AR is 0.9.

=|F||4B]
={156.8){0.9})
=141.12

The work that Tommy did to lift his nephew was
about 141.1 joules.

ANSWER:
about 141.1 joules

The vertices of a triangle on the coordinate
plane are given. Find the measures of the
angles of each triangle using vectors. Round to
the nearest tenth of a degree.

(2,3),(4,7),(1)

SOLUTION:
Graph the triangle. Label u, v, and w.
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8-3 Dot Products and Vector Projections

VW
L ¥ I:I,I ' LS wllwl
'._ /N .; _ (4.6 (=62
HEEVARNGEE cosf = (2. 6)I1( =6, 2]
)4 24 4+ 12
2 9l W] cosfl =——
CIPS NG, /5220
1 [1%] 36
cogl = ————
The vectors can go in either direction, so find the 213 - E‘fﬁ
vectors in component form for each initial point. 5 g
Cosr =

130
-1 9
130

u={(24) or u=(-2,-4)
v:{r-L—L’:} or v:{—:l,ﬁ} f=rcos
w={-6,2) or w={6,-2)

gegre”
Find the angle between u and V. The vertex (4, 7)
must be the initial point of both vectors. Thus, use

u=(=2,-4) and v={(4,-6).

180 — (60.3 +37.9) = 81.8

The three angles are about 37.9°, 60.3°, and 81.8°.

cost = T:IIII:I ANSWER:
37.9°,60.3°, 81.8°
cosf = s e )
' I{ =2, —4)Igd, —6)l
Vi e 57.(-3,-2), (-3,-7), (3,-7)
osf = J20/52 SOLUTION:
16 Graph the triangle. Label u, v, and w.
cosl = ———— EENLENE
2y/5-2y/13 (=3, 2
|::c;1:;|9=i '\\‘ :
'/E W S

|9=|:c:1:3_1i '_ \-L il
l,l'.55 -II—’!.-?I ‘V! (3, -7
. 155

f=603
The vectors can go either directions, so find the
Find the angle between v and w. The vertex (8, 1) vectors in component form for each initial point.
must be the initial point of both vectors. Thus, use
v={(-4,6) and w=(-6,2}. u=(6, —3)or u={—0673)

v={—60)orv={6510)
w ={0,9) orw ={0, —35)

Find the angle between u and V. The vertex (3, —7)
must be the initial point of both vectors. Thus, use

u=(-6,5) and v={(-6,0).
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8-3 Dot Products and Vector Projections

cosf=—Y
[2 11|
{—6.35} -{—6,0)
s =
COS =126, 5)11( =6, 0)
—— {==0)L =) +5(Q)
oL 7 7
(= 5=+
i 3640
/616
c-::-:;lfi'=i
/61
Ei'=|::-::-s_1i
/a1
g=398"

Find the angle between v and w. The vertex (-3, —7)
must be the initial point of both vectors. Thus, use

v:{ﬁ,[}} and w :{(J,ﬁ}.

T,
[v| v |
{6,0) - {0, 5)
H=—
COST =16, 0)1(0, )]
Be0+0+5
cogfl = ——=
casE?:E
cosd =10

Since v - w =0, the two vectors are perpendicular.
The equation can be further worked out to verify this
conclusion.

cosfd = %
cosd =10
g=290"

Find the angle between u and w. The vertex (-3, —2)
must be the initial point of both vectors. Thus, use

u={6,-5) and w={0,-3).
180 — (90 + 50.2) = 39.8
The three angles are about 39.8°, 50.2°, and 90°.

ANSWER:
39.8¢,50.2°, 90°
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58. (~4,-3), (-8,-2), (2, 1)

SOLUTION:

Graph the triangle. Label u, v, and w.
| [ 1 1.4¥
1 4

The vectors can go in either direction, so find the
vectors in component form for each initial point.
u=(10,3) or u=(-10,-3)

V= I-ﬁ,-l) or v= ::—G,—-l-:l

w={=4,1) or w={4,-1)

Find the angle between u and v. The vertex (2, 1)
must be the initial point of both vectors. Thus, use

u= {— 10, —3:1 and v = ::—ﬁ‘—-l:'l )

cos=2 ¥
[allv]

(=10, =3) - (=6, —4)
cos8 == 0 3 =6, =]
o= (IO + (D

1}102+3E‘/(—5) o =y
sogpee BAH1S
J109y/52
cosd = 36
V1417
|5'=cos_1 36
V1417
§=17.0°

Find the angle between v and w. The vertex (—4, —3)
must be the initial point of both vectors. Thus, use

v={(6,4) and w=(-41).
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8-3 Dot Products and Vector Projections

59.

cost = il o
v |tw |
(6,4) -{—4.1)
s =
O =6, 4) I 4 )]
— 6( —4) +4(1)
J6l +alyal 4o
o =28 kb4
5217
cosﬁ':_—m
Y221
4 —10
=C0s Foprre—
Y221
g=1323°

180 - (17.0 +132.3)= 30.7
Thus, the three angles are about 17.0°, 30.7°, and
132.3°.

ANSWER:
17.0°,30.7°, 132.3°
(1,5),(4,-3),(-4,0)

SOLUTION:
Graph the triangle. Label u, v, and w.

The vectors can go in either direction, so find the
vectors in component form for each initial point.

u= {5‘5} oru= ’.:—5.—5],'-

v= {3. —H:} or ¥ = {—3.3"!

Find the angle between u and V. The vertex (-4, 0)
must be the initial point of both vectors. Thus, use

u= {—i—i} and v = {3. —8}.
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60.

cos=1Y
[ w|
{—3 —5)-(3 —8)
s =
O = (=5, —5I(3, —8)
WP )LL)
J (=5 +(-9%F+ (97
o ey~ Lot
V5073
130515':L
Y146
H:cos_l >
y 146
f=656"

Find the angle between v and w. The vertex (4, —3)
must be the initial point of both vectors. Thus, use

v={(-3,8) and w=(-8,3).

cosf =+ W
[v | |
{—3.8)-{—8 3)
s =
GO = =3, 8y1{ =8, 3}
—— (—3)(~=B)+ B(3)
' 7 z
J(=3) +8(-5) +7
T I e ]
(73(73
cosE?:%
f=co _1%
g=489"

180 — (65.6 + 48.9) = 65.6
The three angles are about 48.9°, 65.6°, and 65.6°.

ANSWER:
48.9°, 65.6°, 65.6°

Given u, |v|, and 6, the angle between u and v,
find possible values of v. Round to the nearest
hundredth.

u=1{4 —2} |v|=10, 45°

SOLUTION:

Let v ={x.y). Substitute the given values into the
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8-3 Dot Products and Vector Projections

equation for the angle between to vectors..

-::c:nsm"‘:ﬂ
Jul|v]
sonds = (62r05)

|{4,-2}|~IU

ﬂ_ dx=2y

2 J20-10

J_FEH_ 4x-2y

2 2045

2045 % = dx-2y

10410 = 4x -2y

Solve 10~/10 = 4x — 2y fory.

1010 =4x — 2
1010 —dxr = — 2y

1010 —4x
1010 —4x

-2
—Sm-i-lr — 5

Since |v| =10, x* +y? = 100. Substitutey = ~5+/10
+ 2x into this equation and solve for x.

oy =100

x4+ (=510 + 2x)* =100

x* +250—20/10x + 4x* =100
5x° = 20410x +150 =0

Use the Pythagorean Theorem.

—bt\b? —dac _ ~(-20410) £/(=203/10)" - 4(5)(150)

2a 2(5)
20,10 + /1000
- 10
20410 £10410
h 10
=2J10 £ 110
~9.490r3.16
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Findy when x =9.49.
~5\10 +2x=y
~5J10 +2(9.49) = y
317~y

Findy when x = 3.16.
~5\10 +2x =y
~5J10+2(3.16) = y
949 = y

£9.49,3.17) or {3.16, —9.49)

ANSWER:
(9.49,3.17) or {3.16, —9.49)

61.u=1{3,4), |v|= 429 121°

SOLUTION:

Let v=(x,v). Substitute the given values into the
equation for the angle between to vectors..
u=v

vl

cosfd =

lu

529
529 -cos121" =3x +4y
1387 =3x+4y
_13.87-3x=4y
—13.87-3x
N
since |v|=+/29 , x? +y? = 29. Substitute

-13.87 -3
b= 22T o this equation and solve for X.

] ')

x4y =29
. E1T8T Y
.1"+[—38 31] =29
4
> 192.38+83. 9x°
. +83.22x +9x _ 29

16
16x +192.38+83.22x +9x° = 464

25x° +8322x-27162=0
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8-3 Dot Products and Vector Projections

Use the Pythagorean Theorem.

~h b’ —dac  —(83.22) % J(ss.zzﬁ —4(25)(-271.62)
2a N 2(23)

_ —8322+,/34,08757

= 2.030r= ;306

Findy when x = 2.03.
=13.87-3x

4
~-13.87-3(2.03)

4

= ']-‘

1.1

499 y

Findy when x = —5.36.

~13.87-3x

1 =¥
=13.87 - 3(-5.36)

4

-

035=y
{ —5.36,055) or(2.03. —4.99)

ANSWER:
{ —5.36,0.55) o {2.03, —4.99)
62.u=4{ =1 —6) |v|=7,96°

SOLUTION:
Let v ={x,y). Substitute the given values into the
equation for the angle between to vectors..

cosf=——
Jul|v]
S (-1,-6)+{x,»)
|(— 1,-6)|-7
Ty .4
J3T7-7
?\.'r_?»_?-ms‘:\‘ﬁ =-x—6y
—445=-x-06y
—4 45+ x=-6y
—-445+x ”
=g
Since |v| =17, x” +y® = 49, Substitute

-445+x ) )
= ——— into this equation and solve for X.

eSolutions Manual - Powered by Cognero

X+y =49

42 +(—4.42+.1:J g

. 198-890x+yx°

X e
36

3607 +19.8-89x+x° =1764

37x° -89x-17442=0
Use the Pythagorean Theorem.

=49

b4 \b? —dac _ ~(-8.9)£,[(-8.9) - 4(37)(~1744.2)
2a h 2(37)
_ 8.9+,/25822081
- 74
~6.990r—6.75

Findy when x = 6.99.
=445+ x
-6
=445 +699
—6
-042=y

.-.l !

-1 !

Findy when x = —6.75.
-445+x ,
25 E
~445+(-675) _
—B L
1.37=y

—{6.75,1.87) or {6.99, —0.42)

ANSWER:
[ —6.75,1.87)or (6.99, —0.42}

63.u=1{ —2,3) |v|=12,27°

SOLUTION:
Let v=(x,v). Substitute the given values into the
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8-3 Dot Products and Vector Projections

equation for the angle between to vectors..

cosf = =
juf[v]
{:052? = M
[(-2.5)-12
—2x+5y
cos2] =——
VJ29-.12

12429 -cos 27" = -2x+ 5y
57.58=-2x+5y
5758+ 2x =5y
57.58+2x
L
since |v|=12, x* +y# = 144, Substitute

5758+ 2x

--.L i

into this equation and solve for x.

x*+y* =144
5758+ 2x Y
+[%] =144

2, 331546 +230.32x +4x°
25

25x* +3315.46 + 230.32x + 4x°* =3600

20x% +23032x - 28454 =0

=144

x

Use the Pythagorean Theorem.
—b+Alb* —dac  —(230.32)+ J(zsa.zzf — 4(29)(-284 54)
2a 2(29)
 -230.32+/86,053.94

58
~1.090r-9.03

Findy when x = 1.09.
57.58+2x
5 =)
758+ 2(1.09) .
— "
1195=y

Findy when x = —9.03.
5758+ 2x =y

23
57.58+2(-9.03) '
3 i
790 =y
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{ —9.03,7.90) or (1.09,11.95)

ANSWER:
{ —9.03,7.90) or {1.09,11.95)
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64. CARS A car is stationary on a 9° incline. Assuming

that the only forces acting on the car are gravity and
the 275 Newton force applied by the brakes, about
how much does the car weigh?

SOLUTION:

The car’s weight is the force exerted due to gravity
and can be represented by the force vector

F = (0.} . The force required to keep the car from

rolling is 275 newtons. Project F onto a unit vector v
in the direction of the side of the incline to solve for
the weight of the car.

Find a unit vector V in the direction of the side of the
incline.

V= {|v|f.'m;i9.|v|sinﬁ'}
= (1(cos9').1(sin9'))

= {:ccrs") .smY .-:'

Find the projection of F onto the unit vector v,
proj, F.

proj F =

The force required is (y sin 9°)v. Since V is a unit
vector, the magnitude of the force required to keep
the car stationary is (y sin 9°). Solve fory.

ysin9’ =275
275
J'I - i
sinY
y=1757.9

Since the force is given in units, the car’s weight will
be given in kilograms. Thus, the car weighs about
1757.9 kilograms.

ANSWER:
about 1757.9 kg

eSolutions Manual - Powered by Cognero

65.

66.

REASONING Determine whether the statement
below is true orfalse. Explain.

If |d], |e], and |f| form a Pythagorean triple, and the
angles between d and e and between e and fare
acute, then the angle between d and f must be a right
angle. Explain your reasoning.

SOLUTION:

The statement is false. All three vectors may
originate at the same point and not form a triangle at
all. If so, the angle between d and f may be acute,
right, or obtuse.

For example:

Drawing is not to scale.

d|, |e], and |f| form a Pythagorean triple, and the
angles between d and e and between e and fare
acute, but the angle between d and fis obtuse.

ANSWER:

False; sample answer: All three vectors may
originate at the same point and not form a triangle at
all. If so, the angle between d and f may be acute,
right, or obtuse.

ERROR ANALYSIS Beng and Ethan are studying
the properties of the dot product. Beng concludes
that the dot product is associative because it is
commutative; thatis (u-v) -w =u- (v-w). Ethan
disagrees. Is either of them correct? Explain your
reasoning.

SOLUTION:

Ethan is correct. The dot product of w+v will result
in some value X. Since X is a scalar and not a vector,
x+w is undefined. So, (u+v)+w is undefined.

ANSWER:

Ethan; sample answer: U - V is a scalar, so (U - V) -
W is undefined.
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67.

68.

REASONING Determine whether the statement
below is true orfalse.

If a and b are both orthogonal to V in the plane, then
aand b are parallel. Explain your reasoning.

SOLUTION:

The statement is false. If either a or b is a zero
vector, it would be orthogonal to v, but could not be
parallel to the other vector. Recall that the terms
perpendicular and orthogonal have essentially the
same meaning, except when a or b is the zero
vector. The zero vector is orthogonal to any vector,
but since it has no magnitude or direction, it cannot
be perpendicular to a vector.

ANSWER:

False; sample answer: If either a or b is a zero
vector, it would be orthogonal to v, but could not be
parallel to the other vector.

CHALLENGE If u and Vv are perpendicular, what
is the projection of u onto v?

SOLUTION:

The equation for the projection of u onto Vv is

»

v. If uand Vv are perpendicular,

4 [ u*v

praju =| ——=

v

then they are orthogonal. So, u+v =0 Substitute
u=v = (} into the equation for the projection of U

onto V.

I

b
usv
— |¥
¥l

)

proj,u =

. {m
proj,u = :

v

Yl J
proju=10

So, the projection of u onto v is 0.

ANSWER:
0
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69.

70.

71.

PROOF Show that if the angle between vectors u

and Vv is 90°, u - v = ( using the formula for the
angle between two nonzero vectors.

SOLUTION:
cos 90°= Illll :Tvl Angle between nandvwhere = 90°
0=—2Y_ ¢0s90°=0.
fal = vl
I=u-v Multiply each side by |- |v|.
ANSWER:
cos90°= 12V Angle between nandvwhere f= 50°
fal « vl

0=—"2Y_ 0590°=0.
fal - vl

O=u-v

Multiply each side by |- [v|

PROOF Prove each dot product property. Let
u=fupu) v ={vyva)andw= w1, wa),
nm"v=vr-ru

SOLUTION:
urv=v-:u

7
(g, g} - (v, vay ={v1, vz} - (U1, uz}
MV Fugve =uv +uavg

ANSWER:

m*v=wvriu

7
{uy, ug) = (v, vay ={vi, vy« (uy, uz;
V] UV =1V T gV

u*(v4+w)=uv+u-w

SOLUTION:

ur(v+w)=urv+u-w
?
(up, 1z} ({viva) + 0w wa)) ={upugh - (v va) +{ug ug) - (wi wa)
g, ugd (v +wyva +wa) L (v +uzvy) + (ugwy +uzwsz)

?
(v +wy) +uz(vy +wa) =y +ugwy +uzvy +ugws
uvy Fagwy rgve Fupwy =y Fugwy ugvy Hugws

ANSWER:

ur(v+w)=urv+u-w
?
(up, 1z} ({viva) + 0w wa)) ={upugh - (v va) +{ug ug) - (wi wa)
g, ugd (v +wyva +wa) L (v +uzvy) + (ugwy +uzwsz)

?
(v +wy) +uz(vy +wa) =y +ugwy +uzvy +ugws
uvy Fagwy rgve Fupwy =y Fugwy ugvy Hugws
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72. k(n-v)

73.

74.

=fkuv=uk-v
SOLUTION:

klusv) =ku-v =u kv
k(g uz) (vi.va)) SR ug) - (viova) S g, ug) k{vy, va)
Flugvy +ugvy) 2k, kugd+ (v, va) = (e, uz) - kv, kvz)

Jeregvy + kgvg = kv +kugvg =kuyvy +kugvy
ANSWER:
klu'v) =ku-v =u-kv

k({ug, uz) (v, va)) =Ko ua) - (v, val = {ug,uz) - kv, va)
k(w1 +uava) = (kg kug) - (v, vay = (a1, u2) - (kvy, kva)
kv +kugvy =kuyvy +Hkugvg =kuvy +kugvz

Writing in Math Explain how to find the dot product
of two nonzero vectors.
SOLUTION:

Sample answer: For two nonzero vectors 4@, 2} and
{¢.d), the dot product {a,b}«(c,d) is the sum of the
products of the x-coordinates and the y-coordinates,

orac + bd.

ANSWER:

Sample answer: For two nonzero vectors 4@, 2} and
{e.d), the dot product {a. b} + {c. d) is the sum of
the products of the x-coordinates and they -
coordinates, or ac + bd.

Find each of the following for @ = {10, 1},
b={(—-528) andc= (%, —9).

b—a+4c

SOLUTION:

b—a +4c=(-5,2.8)-(10,1)+ {4;(— -@\

ANSWER:
e R
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75.c—-3a+b
SOLUTION:

]

] \
c-3a+hs= <:I.—*:JJ}— {3,‘-{]{).]}+{—i.2.ﬂ}

G_ ~(30,3)+(-5,2.8)
f e
=(-=2,-12}+(-5238)
(-1
=<—E_—9.21
4 /
ANSWER:
(22 52
i
76.2a—4b+c
SOLUTION:

Za—db +¢ :(2]{1{1.]}—(4]{—:‘~.2.H}+(§.—‘9}

14 !
- (20,2)-(-20,112) +{E.—9I}
{

-

3

\
=(40,-92)+{=,-9)
{ f<4 /

={E_—1x 2:}

\ 4

ANSWER:

(2o
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77.

78.

GOLF Jada drives a golf ball with a velocity of 205
feet per second at an angle of 32° with the ground.
On the same hole, James drives a golf ball with a
velocity of 190 feet per second at an angle of 41°.
Find the magnitudes of the horizontal and vertical
components for each force.

SOLUTION:

Draw a diagram that shows the resolution of the
force that Jada and James exert on the golf ball into
its rectangular components.

Jada James

205 fifs 190 ft/s

{41°

The horizontal and vertical components of each
force form a right triangle. Use the sine or cosine
ratios to find the magnitude of each component.

For Jada:
X [ . ¥
32° = gin32 = =~
cos 205 7 205
205¢c0s32" =x 205s5n32 =y
173 8=x 108.6= y
For James:
X i
cosd] = — sindl” =—
190 190
190cos4] = x 190sindl" =y
143 4=~x 1247~ y

So, the horizontal and vertical components for Jada
are about 173.8 feet per second and about 108.6 feet
per second. The horizontal and vertical components
for James are about 143.4 feet per second and about
124.7 feet per second.

ANSWER:

Jada: about 173.8 ft/s and about 108.6 ft/s; James:
about 143.4 ft/s and about 124.7 ft/s

Graph the hyperbola given by each equation.

(x-5° »* »
48 5
SOLUTION:

The equation is in standard form, where h =5, k =0,
a = 48 orabout 6.93,b = J5 or about 2.24, and

eSolutions Manual - Powered by Cognero

¢ = /48435 orabout 7.28. In the standard form of
the equation, the y—term is being subtracted.
Therefore, the orientation of the hyperbola is
horizontal.

center: (h, k) = (5, 0)

vertices: (h + a, k) =(11.93, 0) and (—1.93, 0)

foci: (h + ¢, k) =(12.28, 0) and (-2.28, 0)
asymptotes:

y—k= +2(x—h)

o= 2
¥ EI—:I:43{J. 3)

=
e B Gy

s

L[5 s
_ilfﬂ' 12
15 515

5 5E
12

HT T e

Use a table of values to sketch the hyperbola.

bx— 5F2 - e |

_43 2
EEpari

\—-.’ .
N
'f |

NV

—f—i=]
L=

ANSWER:
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8-3 Dot Products and Vector Projections

9. Loy 80. £-X =)
81 449 36 4
SOLUTION: SOLUTION:
The equation is in standard form, where h =0, k =0, The equation is in standard form, where h =0, k =0,
a=9,b=7andc = +81+49 orabout 11.4. a=6,b=2andc = +36+4 orabout6.32. In the
In the standard form of the equation, the y-term is standard form of the equation, the x-term is being
being subtracted. Therefore, the orientation of the subtracted. Therefore, the orientation of the
hyperbola is horizontal. hyperbola is vertical.
center: (h, k) =(0, 0)
vertices: (h £ a, k) =(9, 0) and (-9, 0) center: (h, k) = (0, 0)
foci: (h + ¢, k) =(11.4,0) and (—11.4, 0) vertices: (h, k +a) = (0, 6) and (0, —6)
asymptotes: foci: (h, k +¢) =(0, 6.32) and (0, —6.32)
y—k= + %(_r =Y asymptotes:

; i?( 5 yo—ile= :I:%(.r—h)
y—0=xg0z-

y—0= +8(x—9
= +1y :
g 0 ¥y = £3x
y=32x OR y =3x OR
7 ik
} =g
Use a table of values to sketch the hyperbola.
Use a table of values to sketch the hyperbola. Y [ VT F
[ v . ST
rﬁ_ﬁ:il 4“_-’2..1? 1
‘\. . ‘:‘_ _— = =
F“"\ 5 )f: E! :
A Y P 4 -4 |=2 |0 2 | 4x
3\ [ 14
=16 |8 |O] | &\ [ 1&x l
J, =B ‘.'l 18 ™
. N AT TR
—~16
' ANSWER:
ANSWER: LERLUP
P— T A
Viar— =1 shA 2
- L Fi': % - ‘T =1
= \y I
N8 },:" 3 F2 10| | 2 1 4x
\ / 14
=16 |48 [O] | 8\ | 15« ™,
/ \ 18
A———8 N Al n
o 1 P
- 16

eSolutions Manual - Powered by Cognero Page 33



8-3 Dot Products and Vector Projections

81.

82.

Find the exact value of each expression, if it
exists.

5
an:sm| S1n
"'/

SOLUTION:

First, find sin g . On the unit circle, g corresponds

: ]
S —J So, sin i =—,
6 2

Next, find arcsin.

) . 1.
The inverse property applies, because 5 ison the

1

interval [-1, 1]. Therefore, arcsin 2 —% and

- -2 =
ATCsIn | 51 = ==

A 1"/ 6

ANSWER:
5
6

l
arctan | tan
(3]

SOLUTION:

1
The inverse property applies, because — lies on the

A
} Therefore, arctan tan IJ: =,
2 2 2

. k1

interval [—-
2

ANSWER:

I
G

eSolutions Manual - Powered by Cognero

83.

84.

Si]][CGS : 3]
LY 4/
SOLUTION:
e}
- | SO
4

To simplify the expression, let # = cos ' (
4

s

costi = T Because the cosine function is positive in

Quadrants I and 1V, and the domain of the inverse
cosine function is restricted to Quadrants I and I,

t must lie in Quadrant 1. Using the Pythagorean
Theorem, you can find that the length of the opposite

side inﬁ L8Ny = o oA . So,
hwp 4
A ]
sin| cos  — |=—.
\ 4) 4
ANSWER:
J7
4
Solve each equation.
log, , (x3 +2) = log,, 127
SOLUTION:
log, . (x* + 2) =log,, 127
x’+2=127
=12
r=5
ANSWER:
5
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8-3 Dot Products and Vector Projections

85. log, x = log, 6 + log, (x — 5)

SOLUTION:

log. x =log, 6 +log.(x—3)

log. x =log. 6(x—3)

log, x = log, (6x - 30)

x=6x-30
—Sx=-30
x=06

ANSWER:
6

86. e5X—4 — 70

SOLUTION:

e =70
Ine™ " =In70
5r—d4=In70

Sx=In70+4
In70+4
TS
x=1.65

ANSWER:

In 70 +4

5 =165

eSolutions Manual - Powered by Cognero

87. ELECTRICITY A simple electric circuit contains

only a power supply and a resistor. When the power
supply is off, there is no current in the circuit. When
the power supply is turned on, the current almost
instantly becomes a constant value. This situation
can be modeled by a graph like the one shown. |
represents current in amps, and t represents time in
seconds.
14
12
10 -
(]

&l

Current (amps)

[~ - ]

I
2 4 6 8 101214 16 18
Time (s)

a. At what t-value is this function discontinuous?
b. When was the power supply turned on?

C. If the person who turned on the power supply left
and came back hours later, what would he or she
measure the current in the circuit to be?

SOLUTION:

a. There appears to be a jump discontinuity at t = 4.
Therefore, the graph is discontinuous at t = 4.

b. The current is 0 amps for 0 <t <4 and 10 amps
for 4 <t. Therefore, it appears that the power supply
was turned on att = 4.

c. From the graph, it appears limf{r)=10.
[

Therefore, the current in the circuit would be 10
amps.

ANSWER:

a.t=4

b.whent=4

€. 10 amps
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8-3 Dot Products and Vector Projections

88. SAT/ACT In the figure below, APQR ~ ATRS.
What is the value of x?

@

VB

P o R 2T

2T AW »
sy

D W W
oy

SOLUTION:

3

fg = E Use the
IR RS

Pythagorean Theorem to solve for QR.

(PRY +(POY =(OR)’
(io) +(<8) = (ory
18 = (OR)°

32 =0R

Since APQR ~ ATRS, then

¥
Substitute PQ, TR, and QR into ﬁ = ﬁ and
iR RS

solve for RS.

V8 _3\2

So, x = 3.
The correct answer is C.

ANSWER:
C

eSolutions Manual - Powered by Cognero

89. REVIEW Consider C(-9, 2) and D(—4, —3). Which

of the following is the component form and
magnitude of C1}?

F {5 —5) 52
G {5 5,62
H {6 —5) 542
J (6. —6) 62
SOLUTION:

First, find the component form.
CD=(x,-x.y,-3)
={-4-(-9),-3-2)

=(5,=5)

Next, find the magnitude. Substitute x, —x; =5 and
Y, —Y¥4 = —5 into the formula for the magnitude of a
vector in the coordinate plane.
[4B|= (e, =% + (- 1)

= 5 +(-5)

= \U'IE
= Su"i
The correct answer is F.

ANSWER:
F
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8-3 Dot Products and Vector Projections

90. A snow sled is pulled by exerting a force of 25
pounds on a rope that makes a 20° angle with the
horizontal, as shown in the figure. What is the
approximate work done in pulling the sled 50 feet?

A 428 foot-pounds
B 1093 foot-pounds
C 1175 foot-pounds
D 1250 foot-pounds

SOLUTION:

Use the projection formula for work. The magnitude
of the projection of F onto AB is

|F|cos@ = 25¢0s 20, The magnitude of the directed
distance AB is 50.

W= |pmj_l_l,iF||AH|

=(23¢c0s 207 )30}
=1174.6

Therefore, the approximate work done in pulling the
sled is about 1174.6 foot-pounds.
The correct answer is C.

ANSWER:
C

91. REVIEW Ifs={4. —3} t={ —6.2} which of

the following represents t — 2s?
F {14,8)

G {14,6)

H {—14,8)

J{—14, —8)

SOLUTION:

t-2s=t+(-2)s
= (6,2} +(-2)(4,-3)
= (~6,2)+(-8,6)
=(-14.,8)

The correct answer is H.

ANSWER:
H

eSolutions Manual - Powered by Cognero
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8-4 Vectors in Three-Dimensional Space

Plot each point in a three-dimensional 2.(3,2,1)
coordinate system.
1. (1' _2, _4) SOLUTION:
Starting at the origin, move 3 units forward along the
SOLUTION: x-axis, 2 units to the right parallel to the y-axis, and
Starting at the origin, move 1 unit forward along the then 1 unit up parallel to the z-axis. Plot the point (3,
X-axis, 2 units to the left parallel to the y-axis, and 2,1).
then 4 units down parallel to the z-axis. Plot the point é
1, -2 —4).

z

ANSWER:
ANSWER:

eSolutions Manual - Powered by Cognero Page 1



8-4 Vectors in Three-Dimensional Space

3.(-5 4,2 4.(-2,-5,3)
SOLUTION: SOLUTION:
Starting at the origin, move 5 units backwards along Starting at the origin, move 2 units backwards along
the x-axis, 4 units to the left parallel to the y-axis, the x-axis, 5 units to the left parallel to the y-axis,
and then 2 units down parallel to the z-axis. Plot the and then 3 units up parallel to the z-axis. Plot the
point point (=2, -5, 3).
(-5, —4, -2). (=2, =5, 3) 3

z ," + .7

T
|
|
i
1
|
|
]
|

I i 1 AR =
1 I‘-J I D I-r ] 1 F 1
4 X 4=
X R
ANSWER:
. (=2, =5, 3] z
ANSWER: < bis

z e i

f

i
4 i R

TL : R ——— 4=-

# - | |7 1 1 1 l 1 [
1—5./—-1. -2-:".. , - T —1 Ao T Y
Ll by -1 ol B
T "__. T ) |/ T T ¥ -

i B L 1
X -
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8-4 Vectors in Three-Dimensional Space

5.(-5,3,1) 6.(2,-2,3)
SOLUTION: SOLUTION:
Starting at the origin, move 5 units backwards along Starting at the origin, move 2 units forward along the
the x-axis, 3 units to the right parallel to the y-axis, x-axis, 2 units to the left parallel to the y-axis, and
and then 1 unit up parallel to the z-axis. Plot the point then 3 units up parallel to the z-axis. Plot the point (2,
(_5! 3, 1) -2, 3)
Z
¥ {-5.3.1) 1
= = f’
] i o @-23 o T
i A | -
1 L 1 L 1 L :_,/. - | | 1 : [l 1 1 | I
] 1 ] ] _P T L] 1] ] r I I///I : I _P ] I I I F.
/ 1 2 B
X -+
ANSWER: ANSWER:
z
z {-5,3.1) e
— ,-

’ ’
r SRR -
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8-4 Vectors in Three-Dimensional Space

7. (4,10, -2)
SOLUTION:

Starting at the origin, move 4 units forward along the
x-axis, 10 units to the left parallel to the y-axis, and
then 2 units down parallel to the z-axis. Plot the point

4, -10, -2).
Z
8__
T3
TA-4
——1 i
P A
-‘z 'i"" 4
(4, =10, =2) T
X S §
ANSWER:
Zz
8__
T3 S
TAH=4
L v L
|
P e A L
‘z *_‘ 4
(4, =10, =2) T
x e

eSolutions Manual - Powered by Cognero

8. (-16, 12, ~13)
SOLUTION:

Starting at the origin, move 16 units backwards along
the x-axis, 12 units to the right parallel to the y-axis,
and then 13 units down parallel to the z-axis. Plot the

point (~16, 12, —13).
z

+7(=16,12,-13)
#

7 (=16,12,=13)

16 -
8 Zn6 "
1
e 1
-8 1 7
e
» L]
-6 -8 /1% g7 Y
i
_Z/ _____ ¥
16 6l
x =
ANSWER:
F4
164
84 L6 :
1
1 ’
A
——— —
16 -8 A% s 176 %Y
8 T.7 ;
i I F
6 6l
x -
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8-4 Vectors in Three-Dimensional Space

Find the length and midpoint of the segment
with the given endpoints.

. (-4,10,4),(1,0,9)
SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d=y (-’ + -’ + 22—z’
=y - (=1 +0-10% + (9 —4)*
=y/25+100 +25

150

=5/6

=122

Use the Midpoint Formula for points in space to find
the midpoint of the segment

(.1-14-.\-: W+ V. z, ~4+1 10+0 41‘)]

L. 54 pE 2 2 J &

L 2 & * o g
_l' 3 I“s‘
_\ 2 9_.!
ANSWER:
g ] b
ﬁ~]22.L > 513
iEsy

eSolutions Manual - Powered by Cognero

10. (-6, 6, 3), (-9, -2, —2)

11.

SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d=y(xg =)+ (g —y) + (22 —21)°

S R
=\/o+64+25

=08

=72

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

(,\'1 +x, WV, 7 +z, ) [(—6+(-9) 6+(-2) 3+(-2)
kz'z‘zJ_«\z‘z‘z
{15 . 1)
Ry 2]
ANSWER:
- i 1
2299 (-2,
LY 2/

(6,1, 10), (-9, 10, —4)

SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d=y(x2 -+ g =y  + 22 —21)?
=y 16— (=91 +[(1- (—10)1F +[(10 — (—4)]?
=|,’225 +121+196

=y 542

=233

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

f,\} +xX, W+, 2 1-2_.\|__[6+(-—9} 14+ (=10) 10+ (—4)

L o2 ® 2 2 v B
3 9 0
=\r537)
ANSWER:
- £33 9.
SBazwaa-2 .- .3]
| 272

Page 5



8-4 Vectors in Three-Dimensional Space

12. (8,3, 4), (4, -7,5)

SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d=y(x3 -7+ 3 -y + 22 —21)’
=8--I +[G-(-DI* + 4 —5)°

=144 +100 +1

=\ 245

:?,ﬁ

=157

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

I’.r, +X, Yty Z,+Z, | _|"5+(--4] 3+(-7) 4+5)
-z‘z‘zJ_ z'z'zJ

(222
2

\

ANSWER:
735 =15.7; 2,-2, Lﬂ

eSolutions Manual - Powered by Cognero

13.

14.

(-3,2,8), (9, 6,0)

SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d =y (2 —m" + 30’ + 22’
=y (-3-9%+@2-6"+(8-0)°
=144 +16 + 64
=224

=414
=15.0

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

( 5 +E
.l\ 2

[ 3+9 2+6 3+n]
(3.4

ANSWER:
414 = 15.0: 3, 4, 4)
(-7,2, -5), (-2, -5, -8)

SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d= 1/(12 xp)? +0’2 )2+ 2z —z1)?
= [-7- (-2 @ (= +[(-5-(-8)]

=y25+49+49

=)/83
= 9.1

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

{.\'1 ;;.\3 B :—2,1‘, K ;: ]__[—-? +2( -2) 2 +;—S)_ -3 -r—;---tﬂ)]
9 3 13)
rzars)
ANSWER:
i R
4 2
83~ JI( = |
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8-4 Vectors in Three-Dimensional Space

15. VACATION A family from Wichita, Kansas, is

using a GPS device to plan a vacation to Castle
Rock, Colorado. According to the device, the
coordinates for the family's home are (37.7°, 97.2°,
433 m), and the coordinates to Castle Rock are
(39.4°, 104.8° 1981 m). Determine the longitude,
latitude, and altitude of the halfway point between
Wichita and Castle Rock.

SOLUTION:
Use the Midpoint Formula for points in space to find

the halfway point between Wichita and Castle Rock.

(.\-, X WY 5o ‘-‘_[37.?”9.4 972+104.8 433+1981))
T N T T N L

=(38.55,101,1207)

So, the halfway point between Wichita and Castle
Rock is located at longitude: 38.55° latitude: 101°,
and altitude: 1207 m

ANSWER:
longitude: 38.55°, latitude: 101°, altitude: 1207 m

eSolutions Manual - Powered by Cognero

16. FIGHTER PILOTS During a training session, the

location of two F-18 fighter jets are represented by
the coordinates (675, —121, 19,300) and (—289, 715,
16,100), where the coordinates are given in feet.

a. Determine the distance between the two jets.
b. To what location would one of the fighter pilots
have to fly the F-18 in order to reduce the distance
between the two jets by half?

SOLUTION:

a. Use the Distance Formula for points in space to
find the distance between the two jets.

={o2 =) + 0y =7 + 2 —2n)”

= 1/( — 289 —675)2 4+ [715— ( —121)]1% + (16, 100 —19, 300)*

= |,f929, 296 4698, 896 + 10, 240,000

y11,868,192

=3445.0

The distance between the two jets is about 3445
feet.

b. To reduce the distance between the two jets by
half, one of the pilots can fly to the midpoint between
the pilots’ current positions. Use the Midpoint
Formula for points in space to find the midpoint
between the two jets.

{.\3 +X, BV, :‘+z_‘_]_|"675+{—289] =121+ 715 19,300 +16,100"
L2 2 2.0 2 #» 3 = 2 J

=(193, 297, 17,700)

Sample answer: (193, 297, 17,700)

ANSWER:

a. about 3445 ft
b. Sample answer: (193, 297, 17,700)
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8-4 Vectors in Three-Dimensional Space

Locate and graph each vector in space. 18.b={—3 —3, —2
17.a=1{0, —4,4}
SOLUTION:

SOLUTION: Start by plotting the point (-3, —3, —2). From the
Start by plotting the point (0, —4, 4). From the origin, origin, move 3 units backwards along the x-axis, 3
move 4 units to the left along the y-axis, and then 4 units to the left parallel to the y-axis, and then 2 units
units up parallel to the z-axis. Draw a with an initial down parallel to the z-axis. Draw b with an initial
point at the origin and terminal point (0, —4, 4). point at the origin and terminal point (=3, =3, —2).

F

eSolutions Manual - Powered by Cognero Page 8



8-4 Vectors in Three-Dimensional Space

19.c={—L3 —4) 20.d=1{4, —2 —3)
SOLUTION: SOLUTION:
Start by plotting the point (-1, 3, —4). From the origin, Start by plotting the point (4, —2, —3). From the origin,
move 1 unit backwards along the x-axis, 3 units to move 4 units forward along the x-axis, 2 units to the
the right parallel to the y-axis, and then 4 units down left parallel to the y-axis, and then 3 units down
parallel to the z-axis. Draw € with an initial point at parallel to the z-axis. Draw d with an initial point at
the origin and terminal point (-1, 3, —4). the origin and terminal point (4, —2, —3).

F 4

1 I I/ L | | _OI ] 1 ] ] _F
/// -1
# " 1
Al +
N | r
e
(4, =2 =3)
ANSWER:
ANSWER:
z
| : | 1T
T ¥ - -
— e
- o ¥
JO— . Vil T
eSS T T | // -1
7 1
44 +
2 | rd
:"- ——
(4, =2, =3)
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8-4 Vectors in Three-Dimensional Space

21. v =6i + 8 — 2k

SOLUTION:

Start by writing v in component form as
v={(6,8-2). Next plot the point (6, 8, —2). From
the origin, move 6 units forward along the x-axis, 8
units to the right parallel to the y-axis, and then 2
units down parallel to the z-axis. Draw Vv with an
initial point at the origin and terminal point (6, 8, —2).

ANSWER:

eSolutions Manual - Powered by Cognero

22. w=-10i + 5k

SOLUTION:

Start by writing w in component form as

w ={-10,0,5). Next plot the point (=10, 0, 5). From
the origin, move 10 units backwards along the x-axis,

then 5 units up parallel to the z-axis. Draw W with an
initial point at the origin and terminal point (—10, 0, 5).

3 (=10, 0,5)
- . . :
84 !
44 Y 8
T4 -4
e e
B I L ¥
A4
- J— )
X
ANSWER:
3 (=10, 0,5)
T :
8+ |
44 Y_8
=4
e
ST ST S o 8 Y
W &
- J— |
X
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8-4 Vectors in Three-Dimensional Space

23. m=7i—-¢j +6k 24. n=i—4 -8k
SOLUTION: SOLUTION:
Start by writing m in component form as Start by writing n in component form as
m ={7.-6,6). Next plot the point (7, -6, 6). From n=(1,-4.-8). Next plot the point (1, —4, —8). From
the origin, move 7 units forward along the x-axis, 6 the origin, move 1 unit forward along the x-axis, 4
units to the left parallel to the y-axis, and then 6 units units to the left parallel to the y-axis, and then 8 units
up parallel to the z-axis. Draw m with an initial point down parallel to the z-axis. Draw n with an initial
at the origin and terminal point (7, —6, 6). point at the origin and terminal point (1, —4, —8).
F 4 |
8 sl
AL Z8 1 '
(7,~6.6) % Al 4 gl
i s AT '|—4 Lol T 4
V7 A T ——
§ At -8 -Ii' “A° 8 y
______ : ) LA/
At et i/ o
" B 8
x 4
(1,-4, -8) 4
ANSWER: ’
F
8 -
S AL “8
(7.-6.6) ,* 2
— '|_“J't I
] _JIB 1 ‘_‘i I: __D I ; I 'lla I }..
______ -l B :
A R ¥
s 3l

{1, =4, —8)
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8-4 Vectors in Three-Dimensional Space

Find the component form and magnitude of
AR with the given initial and terminal points.

Then find a unit vector in the direction of 45 .

25.A(-5,-5,-9), B(11, -3, 1)
SOLUTION:
Find the component form of AB .
AB={x,—x,¥. - 3,2 -2}
={11-(-5),-3- (-5),-1- (-9
=(16,2.8)

Use the component form to find the magnitude of
AB

|AB| =167 +2° + 8

=324
=18

Using this magnitude and component form, find a
unit vector U in the direction of A8 .
AR

u=r—
|4B|
{16.2.3)
BT
_[16 2 i}
18718718
_<E 14\
~\e’9’g/
ANSWER:

(16,2.8); m;{%. 5" 3)
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26. A(-4,0,-3), B(-4,-8,9)

SOLUTION:

Find the component form of AR .

AB={x,-x.,y, - 3.2, -2, )
={-4-(-4),-8-0,9-(-3))
={0,-8,12)

Use the component form to find the magnitude of
AB

|AB|=\J0% +(-8)" +12°
=208
=413
Using this magnitude and component form, find a

unit vector u in the direction of AR .
AR

u=r—
|4B|
(0,-8,12)

ANSWER:
2J13 313\

-

3 13

(0,-8,12); 44/13; {u_ -
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8-4 Vectors in Three-Dimensional Space

27.A(3,5,1), B(0,0,-9)
SOLUTION:

Find the component form of A .
AEz(x: -X, 0= M2 —2,)
={0-3,0-5,-9-1)

Use the component form to find the magnitude of
AB.
|AB| = (=3 +(=5)" +(-10)°

=/134

Using this magnitude and component form, find a
unit vector U in the direction of A8 .

_ 4B

|48

_ {-3,-5,-10}
=

o BN, ED —m>
\W134" 1347134

_< 3134 5134 5 134>

134 ° 134 7 67
ANSWER:
R ETINTTE ET
3-5 |0}‘J|._4.< 134 134 67 >

eSolutions Manual - Powered by Cognero

28. A(-3,-7,-12), B(-7, 1, 8)

SOLUTION:

Find the component form of AB .

AB={x,-x,y.- 3.2, ~2)
={-T-(-3),1-(-7).8-(-12)}
=(-4.8,20)

Use the component form to find the magnitude of
AB.
|AB|=\J(-4)" +8 +20°

J480
4

|,_

(30

Using this magnitude and component form, find a
unit vector U in the direction of A8 .
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8-4 Vectors in Three-Dimensional Space

29.A(2,-5,4),B(1, 3, -6)
SOLUTION:
Find the component form of AB .
AB ={X, =%, - ¥.5 -2
={1-2,3-(-5),-6-4)
={-18,-10)

Use the component form to find the magnitude of
AB.

|AB|=(=1)" +8° +(~10)’

= \."m

Using this magnitude and component form, find a
unit vector U in the direction of A8 .
AR
u=—-=
|,m|
~ {-1,8,-10)

- Jies

_(_ | 8 10 )
=<_Jﬁ 84165 _::Jﬁ>

165 ° 165 ° 33

ANSWER:
(~1,8, -10); V165; _165 8165 24163
PROTE YT 165 T 165 T 33

eSolutions Manual - Powered by Cognero

30. A8, 12, 7), B(2, -3, 11)
SOLUTION:

Find the component form of A .

Aﬁ-zﬂx: -X, 0= WM.2—2,)
={2-4,-3-12,11-7)
=(-6,-15.4)

Use the component form to find the magnitude of
AB.

|‘43|: \III{"(}}" H(=15) +4°
=277

Using this magnitude and component form, find a
unit vector U in the direction of A8 .

AE
u=—"

[43]

{-6,-15,4)

%1
{7
_<_w’ﬁ}_15ﬁ 4Jﬁ>

N T277 T I

ANSWER:

(6,15, 4): V3T 6277 152717 4277
BT EEe 277 0 217 0 77
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8-4 Vectors in Three-Dimensional Space

31.A(3,14,-5), B(7, -1, 0)
SOLUTION:

Find the component form of A .

AEz(x: -X, 0= M2 —2,)
={7-3,-1-14,0-(-3))
=(4.-15,5)

Use the component form to find the magnitude of
AB.

|AB|: 42 4 (<15) + 52

=+/266

Using this magnitude and component form, find a
unit vector U in the direction of A8 .

AB

1.2I=—.r
|48

~ {4.-15.5)
J266

=_f 4 15 5 >
\J266° 266 266

B <24ﬁ 154266 54266 >

133 7 266 266

ANSWER:

4,-15,5):/266; : .
{ ) ’< 133 266 266

24266 154266 5Jzﬁﬁ>

eSolutions Manual - Powered by Cognero

32.A(1, -18, -13), B(21, 14, 29)

SOLUTION:

Find the component form of AR .

AB={x,-x.y, - 3.2 -z)
={21-1,14-(-18).29-(-13)}
=(20,32,42)

Use the component form to find the magnitude of
AB

|AS| =207 +322 +42°
= /3188
= 2797

Using this magnitude and component form, find a
unit vector U in the direction of A8 .
AB
u=r—
48]
{20,32,42)
24797

_( 20 32 42 >
247977 24797 24797
_<|{u'm 165797 zu?@?>

797 7 797 T 797

ANSWER:

(20,32, 42): 2/797; <

104797 164/797 2lﬁ>

797 7 797 7 797
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8-4 Vectors in Three-Dimensional Space

33.A(-5,12,17), B(6, —11, 4)
SOLUTION:
Find the component form of AB .
AB=(x,-x,¥.— .25 —2)
={6—(-5),-11-12,4-17)
=({11,-23,-13)

Use the component form to find the magnitude of
AB

|.45'i= JIP +(=23) +(-13)

=819
=301
Using this magnitude and component form, find a
unit vector U in the direction of A8 .
AB
u=r——
|48
(11,-23,-13}

301

_( I 23 13 >
I EN TN TN
_(llﬂ 2391 Jﬁ)

\ 213 " 213 7 21

ANSWER:
(1 11—23.—|3}:3J§"1;<ﬂ B _\ﬁ)_‘)

273 7 273 7 21

eSolutions Manual - Powered by Cognero

34.A(9,3,7), B(-5,-7,2)
SOLUTION:

Find the component form of A .

Aﬁ-zﬂx: -X, 0= WM.2—2,)
={-5-9,-7-3,2-T)
=(-14,-10,-5)

Use the component form to find the magnitude of
AB

|AB|=\(-14) +(-10)" +(-5)°
= /321

Using this magnitude and component form, find a
unit vector U in the direction of A8 .
AB

um=r:
|,4Hi
_{-14,-10,-5)

N YT

_(_ 4 10 5 >
Y3217 V3210 B2
_<_|4J3z| 10321 5 321>

321 * 321 ' 321
ANSWER:
14,10, - 5Y: 330 {14321 10321 _ 5321
(=103 -
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8-4 Vectors in Three-Dimensional Space

35.

36.

TETHERBALL In the game of tetherball, a ball is
attached to a 10-foot pole by a length of rope. Two
players hit the ball in opposing directions in attempt
to wind the entire length of rope around the pole. To
serve, a certain player holds the ball so that its
coordinates are (5, 3.6, 4.7) and the coordinates of
the end of the rope connected to the pole are (0, 0,
9.8), where the coordinates are given in feet.
Determine the magnitude of the vector representing
the length of the rope.

SOLUTION:

Let P represent the point at which the rope and the
pole are connected and let B represent the position

of the ball as it is being served. Then PB represents
the vector from the pole to the ball.

PB={0-50-3698-4.7)

={-5,-3.6,5.1)
\ !

The magnitude of 7B is
J[—:’r}: +(=3.6)° +(5.1)* =8.0
Thus, the rope is about 8 feet long.

ANSWER:
about 8 ft

Find each of the following fora=1{ —5, — 4,3},
b:{ﬁ, _2': _T}, andC:{ _2':2':4}
6a— 7b + 8c

SOLUTION:

6a - 7b +8¢=6a+(-T)b +8¢
=6(-5,~4,3) +(-7)(6,-2.-7) +8(-2,2,4)
=(-30.-24.18) +(-42,14.49) +{~16.16.32)
=(-88,6,99)

ANSWER:
{ —88, 6,99)

eSolutions Manual - Powered by Cognero

37.

38.

39.

40.

7a—5b

SOLUTION:

Ta-3b=Ta+(-3)b
=7(-5,-4,3) +(-5){6,-2,-7)
=(-35,-28,21)+{-30,10,35)
=(-65.-18.56)

ANSWER:
=83, ~1B756)

2a+5b - 9c
SOLUTION:

2a+5b-9¢=2a+5b+ (-9
=2(-5.-4,3)+5(6,-2.-7) +(-9){-2.2.4)
=(-10.-8.6) + (30.-10.-35) + (18.-18.-36)
=(38,-36,-65)

ANSWER:
{38, —36, —65)

6b + 4Cc — 4a
SOLUTION:

6b+dc—da=6b+dc+(-4)a
=6(6,-2,-7) +4{-2,2,4) + (-4){-5,-4,3)
=(36,-12,—42) +{-8,8,16) +{20,16,-12)
=(48,12,-38)

ANSWER:
148,12, —38)

8a—-5b—c

SOLUTION:

8a—3b-c=8a+(-3b+(-De
=8(-5,-4,3) +(-5)(6,-2,-7) + (-1){-2,2,4)
={—40,-32,24) +(-30,10,33) +(2,-2,-4)
= (-68,-24,53)

ANSWER:
{ —68, —24,55)
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8-4 Vectors in Three-Dimensional Space

41.

42.

43.

—ea+b+7cC

SOLUTION:

—6a+b+Tc=(-6)a+b+7c
=(-6)(-5.-4.3) +(6,-2.-7) + 7(-2.2.4)
=(30,24,—18) +(6,-2,-7) +{-14.14,28)
={22,36,3)

ANSWER:
(22, 36,3)

Find each of the following for x = -9i + 4j + 3Kk,
y = 6i-2j— 7k, and z = —2i + 2j + 4k.
7X + 6y
SOLUTION:
Write X and y in component form as
x={=9,4,3)and y =(6,-2,=7).
Tx+6y = 7(-9,4,3)+6(6.-2,-7)
=(=63,28,21) +(36,~12,-42)
={-27,16,-21}

Then rewrite the vector as a linear combination of
the standard unit vectors.

{—ET,IE:.—EI}'-: =27i4+16j-21k

ANSWER:
—271 + 16) — 21k

3X -5y +3z

SOLUTION:

Write X, Y, and z in component form as

x={-94,3), y=(6,-2,-7)and z=(-2,2,4).

3x— Sy +32 = 3(-9,4,3)+ (-5)(6,-2,-7) + 3(-2.2.4)
=(-27,12,9)+(-30,10,35) +{-6,6,12)
=(~63,28,56)

Then rewrite the vector as a linear combination of

the standard unit vectors.

{—ﬁliﬂ.ﬁﬁ} =—063i+28) + 56k

ANSWER:
—63i + 28] + 56k

eSolutions Manual - Powered by Cognero

44, 4x + 3y + 22

45.

46.

SOLUTION:

Write X, y, and z in component form as

x=(-9,43), y=(6,-2,-T)and z = (-2,2,4).

dx+3y +22 =4(-9.4,3)+3(6,-2,-7)+2(-2,2.4)
={-36,16,12) +(18,-6,-21) +(~4,4.8)
={-22,14.-1)

Then rewrite the vector as a linear combination of

the standard unit vectors.

(-22,14,-1) = -22i +14j -k

ANSWER:
-2+ 14) - k

—8X — 2y + 52

SOLUTION:

Write X, y, and z in component form as
x={-94,3), y=(6,-2,-7)and z=(-2,2,4).
—8x -2y +52=(-8)(-9.4.3) +(-2)(6.-2,-7)+5{-2.2.4)
=(72,-32,-24} +(-12,4,14) +(~10,10,20}
=(50,-18.10)
Then rewrite the vector as a linear combination of
the standard unit vectors.

{S{L—IH,ID:}=5ﬂi 18]+ 10k

ANSWER:
50i —18j + 10k

-6y — 9z

SOLUTION:

Write Y and z in component form as

y={6,-2,-T)and z =(-2,2,4).

—6y —9z = (—6)(6,-2,-7) +(-9)(-2,2.4)
=(-36,12,42) +(18,~18,-36)
={-18,-6,6)

Then rewrite the vector as a linear combination of
the standard unit vectors.

(~18,-6,6) = ~18i - 6j + 6k

ANSWER:
—18i — 6 + 6K
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8-4 Vectors in Three-Dimensional Space

47.

48.

X —4y-12

SOLUTION:

Write X, y, and z in component form as
x=(-9,43),y=(6,-2,-T)and z =(-2,2,4).
—x—dy-z=(-D)(-9.4.3) +{(-{6.-2.-T) + (-){-2.2.4)

=(9,-4,-3) +(-24.8,28) + (2,-2.-4)

=(-13,2,21)
Then rewrite the vector as a linear combination of
the standard unit vectors.

(=13,2,21) = =13i + 2j+ 21k

ANSWER:
—13i + 2J + 21k

AIRPLANES An airplane is taking off headed due
north with an air speed of 150 miles per hour at an
angle of 20° relative to the horizontal. The wind is
blowing with a velocity of 8 miles per hour from the
southwest. Find a vector that represents the resultant
velocity of the plane relative to the point of takeoff.
Let i point east, j point north, and K point up.
29
&

150 mph
7 =
SOLUTION:
Let v be a vector representing the airplane’s velocity
and w be a vector representing the wind’s velocity.
Since Vv has a magnitude of 150 and a direction angle

of 20°, find the component form of V using
trigonometric ratios as shown.

Up 4 v
150 ..
1150 sin 20°
2 0 i A
e——150 cos 20°—]

v ={0,150c0520°, 1505in20°} = (0,141.0,51.3)

Since the wind is blowing from the southwest, w
points toward the northeast and will have a direction
angle of 45° with east as the positive x-axis. Find the
component form of W using trigonometric ratios as
shown.

eSolutions Manual - Powered by Cognero

49.

A

8 cos 45°

e e S

w =(8cos45°, 8sin45°,0) = (57,5.7,0)
The resultant velocity of the airplane is v + w.

v+w=(0,141.0,51.3) +{57,5.7,0)
=(5.7,146.7,51.3)
=57 +146.77 +51.3k

ANSWER:
5.7i + 146.7) + 51.3k

TRACK AND FIELD Lena throws a javelin due
south at a speed of 18 miles per hour and at an angle
of 48° relative to the horizontal. If the wind is
blowing with a velocity of 12 miles per hour at an
angle of S15°E, find a vector that represents the
resultant velocity of the javelin. Let i point east, j
point north, and K point up.

SOLUTION:

Let v be a vector representing the javelin’s velocity
and W be a vector representing the wind’s velocity.
Since v has a magnitude of 18 and a direction angle
of 48°, find the component form of V using
trigonometric ratios as shown. Since the direction of
the javelin is due south, which is the negative y-axis,
the y-component will be negative.

v A UFI
I
I
18 sin 48° | 18
|
|
|
Y| 48°)
S -—— >
|-—13cos45°—-|

v=(0, —18cos48° 185in48°) = (0, —12.0,134)

Since the wind is blowing with a velocity of 12 miles
per hour at an angle of S15°E, find the component
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form of w using trigonometric ratios as shown. Since
the direction of the wind’s velocity is S15°E, the y-

component will be negative.

12 cos 15°
5 -

12 5in15°,°

15°

w =(12sin15°, —12c0s15°,0) = (3.1 —116,0)
The resultant velocity of the javelinis v + w.

v4w=(0, —120,134) +(3.1 —11.6,0)
=(3.1 —23.5134)
=3.1i—23.6 +134k

ANSWER:

3.1i — 23.6) + 13.4k

50. SUBMARINE A submarine heading due west

dives at a speed of 25 knots and an angle of decline
of 55°. The current is moving with a velocity of 4
knots at an angle of S20°W. Find a vector that
represents the resultant velocity of the submarine
relative to the initial point of the dive. Let i point east,
J point north, and K point up.

SOLUTION:

Let Vv be a vector representing the submarine’s
velocity and W be a vector representing the current’s
velocity. Since v has a magnitude of 25 and a
direction angle of 55°, find the component form of v
using trigonometric ratios as shown. Since the
submarine is diving at a direction of due west, both
the x- and z-components will be negative.

v =(—25c0s55°,0, —25sin55°) = (—14.3,0, —20.5)

eSolutions Manual - Powered by Cognero

51.

Since the current is moving with a velocity of 4 knots
at an angle of S20°W, find the component form of W
using trigonometric ratios as shown. Since the
direction of the current’s velocity is S20°W, both the
X- and y-components will be negative.

4 sin Iﬂf/

]

5 4 cos 20°

w =(—45in20°, —4cos20° 0) = (14, —38.0)

The resultant velocity of the javelin is v + w.

v+w={—14.3,0, —20.5) +(—14, —3.80)
—(—157, —3.8, —20.5)
= —157i—3.8 —20.%

ANSWER:
—15.7i — 3.8] — 20.5k
IfN is the midpoint of MP, find P.

L

(7
M(3, 4, 5);N| ;}.I.Zl
| £

SOLUTION:

Let P = (X,,Y,,2,). Use the Midpoint Formula and
the points M and N to solve for P.

: r+XxX, wW+¥ Z+Z

i 2 * 2 ¥ i3
Y - 7 : 1Y
(_? I?,l:('H-r 4+, 1+z:|
e i 2 2
Solve for x,,y,, and z,.
J+.\.':=E 4+}'_,:] ﬁ+z::2
2 2 2 2
3+x,=7 4. =2 S+z, =4
=4 Y, ==2 z, =~
So, P = (4,-2,-1).
ANSWER:
4,-2,-1)
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52.M(~1,-4,-9);N(-2, 1,-5)

53.

SOLUTION:
Let P = (X,,Y,,2,). Use the Midpoint Formula and
the points M and N to solve for P.

NE(IL"'I: Hry z]+2!]
2 2 7 2

=l+x, —d4+y. 9+z
-2.1-3)= . =
(-21-5)=( ke 202 1)

Solve for x,,y,, and z,.

—1+.1r'::_2 —4+_].-‘::1 —9+z::_5
2 2 2
-1+x,=—4 —4+y,=2 —O+z,=-10
x=-3 y.=6 z,=-1
So, P = (-3, 6,-1).
ANSWER:
(-3,6,-1)

M(7, 1, 5); N(i—é,ﬁ]
LY

SOLUTION:
Let P = (x,,Y,,2,). Use the Midpoint Formula and
the points M and N to solve for P.

N z[‘tl +J.': .."'l +.1': ; 4 +3:]
2 2 2

(. I T+x, l+v, 542
5,-=,6|= e =
L2 2 2 2

Solve for x,,y,, and z,.

?+l"::5 i:_l ﬁ+z::ﬁ
2 2 2

T+x,=10 1+ y, =-1 d+z,=12
x,=3 y,==2 Z, =

So,P=(3,-2,7).

ANSWER:

B,-2,7)

eSolutions Manual - Powered by Cognero

54.M f%f—iu]; N(—zi—?nzl]
!

X,

SOLUTION:
Let P = (X,,Y,,2,). Use the Midpoint Formula and
the points M and N to solve for P.

No[BtX Wty ata
2 2 2

3
X e
=3+y, 9+z,

[—21—E1I_I]: 2 -_| <
272 2 2 2

Solve for x,,y,, and z,.

3+.1.':
.L.Evz—:—z —5+_i':__E g+z:_u
3 R 2 2
Stm=—4  Sep=-3 94z =l
11 }-':=_H 22:2
X,=—=—
iy
S0,P = -4.-8.2]
[l 2‘ ¥ )
ANSWER:
1
(‘2‘_3‘2]
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55. VOLUNTEERING Jody is volunteering to help
guide a balloon in a parade. If the balloon is 35 feet
high and she is holding the tether three feet above
the ground as shown, how long is the tether to the
nearest foot?

SOLUTION:

According to the graph, the coordinates of the
balloon are (0, 0, 35) and the coordinates of the end
of the tether that Jody is holding are (—4, 10, 3). Use
the Distance Formula for points in space to find the
length of the tether.

V2 —a)? + g =) + 22 21
= rerznipgpeniyEeg

=338

The length of the tether to the nearest foot is 34 feet.

ANSWER:
34 ft

eSolutions Manual - Powered by Cognero

Determine whether the triangle with the given

vertices is isosceles or scalene.
56' A(3! 1! 2)1 B(51 _11 1)1 C(]-! 31 1)

SOLUTION:

Use the Distance Formula for points in space to find

the length of each segment.
AB=\{(x, -V + (0, - n) +(2,-2,)°

= JG-3P +(=1-1F +(1-2F
=3

BC = V‘(-TE —a)t 4 (ysz —y1)2 +(z3 —2p)°
=y1-5?+3-(-D1F +(1-1?
=y32
=4.'E

AC = ,\Ilr{:r: -X :lf ,.(_1': -¥ }3 +'[2: - }:

=J1=-3 +(G-1)" +(1-2)
=3

The triangle is isosceles.

ANSWER:
isosceles
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57.A(4,3,4),B(4,6,4),C(4,3,6)

58

SOLUTION:

Use the Distance Formula for points in space to find
the length of each segment.

AR = \Ill{"l'-l =%, ]-‘ +{¥ -3 ]: +{z,— 2z}

= JU—-4F +(6-3) +(4-4)’
=4

BC = bf(l'z —a)’ 4 g =)t + 22—z’

=y@-9'+3-6 +6-9°

=13

AC = \..l'r{-"-': =X :': "{_\':. -¥ ]: +{2:, -z }:

= J(4-4) +(3-3) +(6-4)
=1
The triangle is scalene.

ANSWER:
scalene

.A(-1,4,3), B2, 5, 1), C(0, -6, 6)

SOLUTION:

Use the Distance Formula for points in space to find
the length of each segment.

AB = (x3—x)? + (3 —y)? + (22 —21)?
= 2- (-0 +G-4 +01-3)?

-/

BC =y —w)* + g~y + 22 —21)°
I
— /150

=5U'E

AC =z =)+ 3~y + 2 =)
=y0—(-D12+(-6-9H+(6-3*
=110

The triangle is scalene.

ANSWER:
scalene

eSolutions Manual - Powered by Cognero

59. A(-2.2, 4.3, 5.6), B(0.7, 9.3, 15.6), C(3.6, 14.3, 5.6)

60.

SOLUTION:

Use the Distance Formula for points in space to find

the length of each segment.

AB=y(xa—x)" + 02—y + -2’
=y[07-(-221%+(9.3-43)2 + (156 —5.6)°
=297 + 57 +10%
=/841+25+100
— 13341

BC =y —m) + g =y P + 22 —2)?
=/36-07T+(143-93)? +(56—156)*
=y29% +5° +(—10)?
=/841+25+100
_ Al

AC = (g =37 + Gz =y + 2 —21)”
=/[36-(—-221°+(143-43)? + (56 —56)°
=ysg+107 +0%
= /3364 +100
_ /e

The triangle is isosceles.

ANSWER:
isosceles

TUGBOATS Two tugboats are pulling a disabled s
tow lines makes an angle 23° west of north and the o
23° east of north. Each tug exerts a constant force o

depressed 15° below the point where the lines attach
They pull the supertanker two miles due north.

a. Write a three-dimensional vector to describe the f
tugboat.

b. Find the vector that describes the total force on t
C. If each tow line is 300 feet long, about how far ap

SOLUTION:

a. The tugboats exert a constant force of 2.5 x 10%n
below the point where the lines attach to the superta

Diagram this situation for one of the tugboats.
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Upa

Supertanker |
157~

; ;
25% 100N

=N

A

g Tugboat

Use trigonometric ratios to solve forz and w.

25x10%-sinl5 =z
647,048 = =
6.5x10° = z
W
25107
25x10" -cosls =w
2.414.815=w
24x%10° =w

cosl3’ =

w represents the force on the xy-plane that the tugbo
supertanker. Use w and the angle that the tugboat is
the x andy components.

Upd
Supertanker
g ¥
~IzF Z7 >N

Ml ;rx

ZA14BI5N ~ -2y

Tugboat
E

sin?¥=—>
2,414 815

2,414,815-5in23 =x
043,543 = x

94x10° =x
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_II
2,414,815

cos23

2,414,815-¢0823" =
2,222 849 = y
22x10° = y

S0, X~ 9.4 x 10°,y =2.2 x 10°, andz ~ 6.5 x 10°. Si
by the tugboats is pulling down from the supertanker,
Also, x will be positive for the tugboat that is located
negative for the tugboat located at N23°W. The thre
that describe the force from each tugboat are

94x10°,22x10%, —6.5x 105),
~9.4x10°,22x10%, —6.5x10%)

b. Add the two vectors found in part a.
(9.4x10%,22x10%, —65x10%) +

[ —9.4x10%,22x10% —65x10%) - 0,441
c. First, find w, the distance on the xy-plane that the

each of the tugboats by using trigonometric ratios. Di
one of the tugboats.

W

cosld =—

300
300-cosls =w
280 B=w

Use w and the angle that the tugboat is from north to
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Upk 61.
Supertanker
Tugboat
L]
/X
i y A
= 127 N
28081t ™~
Tugboat
E
: x
sin23 =
2898

2808523 =x

113.23=x

If x = 113.23, then the tugboats are 2 - 113.23 or abo
each other.

ANSWER:
a.(9.4x105,2_2xm‘5, —5.5x105)
( —94x10°,2.2x105, —6.5x105}
b.{0,4.4 %105, —13x10°)

C. about 226.5 ft

62
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SPHERES Use the distance formula for two points
in space to prove that the standard form of the

equation of a sphere with center (h, k, £) and radius
risrP=(x—h2+y —k)Z+@-£)>

SOLUTION:

Let the center of a sphere with radius r be located at
(h, k, ) and the point (x,y, z) be a point on the
sphere. Substitute these points into the distance
formula for two points in space. Since the distance
between the center of a sphere and a point on the
sphere is equal to the radius, letd =r.

d= .,.,'r{_r: -5 +(p, =) +(z, -2 )
r= \]'I[.t'—fﬂ: +(y=k) +(z-¢8)
rr={x=hY +(v=kV +(z- 1)

ANSWER:

d= \,lr{.r: —.1::_}3 +( ¥, —_].-‘1}: +(2, = z)
r= \;'I{.r—fr}: +(y-ky +(z-£)°
P =(x=-h) +(v-k) +(z- )

Use the formula r? = (x— h)2 + (- k)2 +(z-F)
2 to write an equation for the sphere with the
given center and radius.

. center = (-4, -2, 3), radius = 4

SOLUTION:

The formula developed in Exercise 61 for the
standard form of the equation of a sphere with a

center (h, k, £) and radius r is (x — h)® + (y —k)* +

@z — £)% = r% Substitute h = —4,k =2, £ = 3,and r
= 4 into the formula.

(x=H)Y +(y=k) +(z=0¥ ="
[x—(-4)F +Iy-(-2))" +(z-3)" =4
(x+4) +(¥y+2) +(z=-3)° =16

ANSWER:
x+4)2+ @y +2)°+(z-23°=16
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. ] 65. center = (0, 7, -1), radius = 12
63. center = (6, 0, 1), radius = = ( )
- SOLUTION:
SOLUTION: The formula developed in Exercise 61 for the
The formula developed in Exercise 61 for the standard form of the equation of a sphzere with a ,
standard form of the equation of a sphere with a center (h, k, £)and radiusris (x —h)" + (y — k)™ +
center (h, k, £) and radius r is (x — h)2 +(y - k)2 + - ti’)2 = r? Substitute h =0,k =7, £ =—1,and r
- L’)z = r° Substituteh =6 k =0, £ = 1. and r =12 into the formula.
= E into the formula. [I—.I'l?::l: +{y - .I‘.]: +(z- ;}3 =p?
(x=0F +(y-TV +[z- (-] =12°
(x=h +(y=k) +(z=£)" =+" X+ (=7 +(z+1)’ =144
(x=6) +(y-0) +[z-(-DJ :[%J ANSWER:
q L X2+ -7+ (@ +1)°=144
(x—6)y 1}': +{z+1) =
4 66. REASONING Prove the Distance Formula in
ANSWER: Space. (Hint: Use the Pythagorean Theorem twice.)
SOLUTION:

2 2 . :_ l
S e e 4 Let the two points be (X,Y1,21) and (X5, Y, Z5).

The point in the xy-plane directly below the second

64. center = (5, -3, 4), radius = 3 point is (x,, Y, z,). Use the Pythagorean Theorem to
SOLUTION: find the distance between the points (x,, y 1,Zq) and
The formula developed in Exercise 61 for the (X,Y5:29)- Let the x-component of the distance be
standard form of the equation of a sphere with a a and the y-component of the distance be b.

center (h, k, €) and radius r is (x — h)% + (y — k)% +
- 1'3)2 = r%, Substitute h = 5 k=-3 {=4,andr

= +/3 into the formula.

|
| :ﬁ'z. FE' :1:|

b

(x=hY +(y=k) +(z=10) =#°
(x=5) +1y - (3F +(z-4) =(V3) )

(=5 +(y+3) +(z-4)" =3

[11.- ¥i. £9 ) 2

3t

o

Therefore, the distance from (xq,y,24) to (X5, Y5,

ANSWER: f
zy)is o’ +bz.

(x=5)*+(y +3)*+(z—4)°=3

Now, use the Pythagorean Theorem again to find the
distance between points (xq,Y4,2¢) and (X5, Y, Z5).

The xy-component of the distance is y’az —|—£‘:'2. Let
the z-component of the distance be c.
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(1 Xz, ya. 24

-

{ A
ol Lhd Ll 1.J'r.?2 + b

Therefore, the distance from (x,,Y4,24) t0 (X,, Y5,
d
2 2 2
Z,)is J( a“+b%) +c¢ =l,'c12—|—bz—|—c:2.

Sincea =X, - X4, b=y, ~y,,andc =z, -z, the

distance between two points (X4, Y4,2¢) and (X,, Y,

2,)is (x3— x> 4+ (v —yD) >t (22 2D >

ANSWER:

Sample answer: Let the two points be (Xq,Y1,21)
and (X, Y5, Z,). The point in the xy-plane directly
below the second point is (X5, Y, z1). Use the

Pythagorean Theorem to find the distance between
the points (x4,Y4,24) and (X,,Y,,2,). Let the x-

component of the distance be a and the y-component
of the distance be b.

¥

-

o

Therefore, the distance from (xq,y,24) to (X5, Y5,

zy) is l,l'.::r2 +bz.
Now, use the Pythagorean Theorem again to find the

distance between points (xq,Y4,2¢) and (X5, Y5, Z5).

The xy-component of the distance is y’az —|—£‘:'2. Let
the z-component of the distance be c.
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67.

{xr _:r"? i'z]

1 g ya 24)

-

i ' F |
ol Lha Ll 1.J'r.?2 + b

Therefore, the distance from (x,Y4,24) t0 (X,, Y5,

2
Z,) is J( az +52} -|-.~:2 or y'.:zz +b2+c2. Since
a=X,—X;,b=y,-y;,and c =z, —z,, the distance
between two points (Xq,Yq,24) and (X,,Y,,2,) is

b/(l'z —a) 42—y + @z -2D?

CHALLENGE Refer to Example 6.

(3.5.48.3,193.2)
Up §

a. Calculate the resultant speed of the rocket.

b. Find the quadrant bearing ¢ of the rocket.

C. Calculate the resultant angle of incline 6 of the
rocket relative to the horizontal.

SOLUTION:

a. The resultant speed of the rocket is the magnitude
of the vector representing the resultant velocity of

the rocket. Find the magnitude of (3.5,48.3,193.2).

J3.5° +48.3 +193.2° = f39,671.38

= 1992
The resultant speed of the rocket is about 199.2
miles per hour.

b. The quadrant bearing of the rocket is the angle in
the xy-plane that the rocket makes with the positive
y-axis, or north. Use the graph and trigonometric
ratios to solve for ¢.
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h“lf—.._‘_'_h“‘:;'raj
E
tany = EL)
Y483
5 —tan 3.5
v 483
o= 4.1°

The quadrant bearing of the rocket is N4.1°E.

C. The vector representing the velocity of the rocket
forms a right triangle with its vertical component.
The magnitude of the vector was found in part a to
be 199.2. Use trigonometric ratios to solve for 6.

UpA

199.2
193.2

T
|
|
|
|
|
|
i
|
|
|
|
|
—
| =
-
~a ]

193.2

199.2

-1193.2
199.2

s5inf =

f =sin

g=759"
The angle of incline 6 of the rocket is about 75.9°.

ANSWER:

a. about 199.2 mi/h
b.N4.1°E
C. about 75.9°

68. CHALLENGE Terri is standing in an open field
facing NSO°E. She is holding a kite on a 35-foot
string that is flying at a 20° angle with the field. Find
the components of the vector from Terri to the Kite.
(Hint: Use trigonometric ratios and two right
triangles to find X, y, and z.)
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SOLUTION:
Use trigonometric ratios to solve for w and z.

W

in20° == |
T T
35z 20 =z 35cos20 =w
1197 =z 3289=w

w represents the distance on the xy-plane that Terri
is from the kite. Use w, the angle given, and
trigonometric ratios to solve for x and y.

40 = sindl)’ = ——

cos 3289 3289
32.89cos40) =x 32.89s5in40" = v
2520=x 21.14=y

The components of the vector from Terri to the Kite
are 125.20, 21.14,11.97)
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69.

ANSWER:
{25.20,21.14,11.97)

WRITING IN MATH Describe a situation where
it is more reasonable to use a two-dimensional
coordinate system and one where it is more
reasonable to use a three-dimensional coordinate
system.

SOLUTION:

Sample answer: It is more reasonable to use two
dimensions when describing position on a map since
the map itself is two-dimensional. When the
description of the position of an object requires the
added dimension of altitude, such as the position of
an airplane, it is more reasonable to use three
dimensions.

ANSWER:

Sample answer: It is more reasonable to use two
dimensions when describing position on a map since
the map itself is two-dimensional. When the
description of the position of an object requires the
added dimension of altitude, such as the position of
an airplane, it is more reasonable to use three
dimensions.
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70.u

Find the projection of u onto v. Then write u as
the sum of two orthogonal vectors, one of which
is the projection of u onto v.
= {6= 8},V = {2= _1}
SOLUTION:
Find the projection of U onto V.

- \. I|
0 bl .
~(6,8)+(2,-1)

(2 -"I

proj,u =

h..'l

{2,-1)

uDﬂ

12—
(I

_.-2 I.I}

={1.6,-0.8)

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W, or u =W, + W,. Since one of the vectors is the

projection of u onto v, let W, = proj u and solve for

W2.
u=wj+wa
U—W]=W2
{6,8) —{1.6, —0.38) =
{44 88)=

Thus, u={(1.6,-08) + (4488).

ANSWER:

{16, —0.8). y={16, —08)+(44 88)
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71.u={ _134},V={5=1}

SOLUTION:
Find the projection of U onto V.

i k!
proj u = 1Y v
A
{-L4)+(5.1)
(5.0

(5.1)

=5+4

=31

] ¥ 1

=-—{5,1
(5:1)

F 5 A
i 26" 26/

= (-0.19,-0.04)

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W, or U =W, + W,. Since one of the vectors is the
projection of u onto v, let W, = proj u and solve for
W,

u=wj]+wa
u—w]=w3
=14y —{—0.19, —0.04) =w>
{—08L404)=w2

Thus, u={-0.19,-0.04) + (-0.81,4.04).
ANSWER:

{—0.19, —0.04). y={ —0.19, —0.04) 4
{ —0.814.04)
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72. u={5=4},V: {4= _2}

SOLUTION:
Find the projection of U onto V.

(Va0)

|.2 f W
=—{4 -2

20"
_[48 24\
“\20" 20/

={24,-1.2)

To write U as the sum of two orthogonal vectors,
start by writing U as the sum of two vectors w; and

W, or u =W, + W,. Since one of the vectors is the
projection of u onto v, let W, = proj u and solve for
W,

nu=wj+wa
U—W]=W3
{54y —(24, —12i=wa
(2.6, 52y =wa

Thus, u={24,-1.2) + (2.6,5.2).

ANSWER:
(24, —1.2) y={24, =12} 4+ {26,52)
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73.

74.

Find the component form and magnitude of
ARB with the given initial and terminal points.

A(6, —4), B(-7, -7)

SOLUTION:

First, find the component form.

AB={x,-x,y,-»)
=(-T-(6),-7-(-4))

=({-13,-3)

Next, find the magnitude. Substitute x,, — x; = =13
and y2 - yl =
of a vector in the coordinate plane.
[4B| =[x, = %) + (0, - 3)°

3 into the formula for the magnitude

=J(=13)° +(-3)°

=+/169+9
= u"ﬁ or about 13.3

ANSWER:
{ =13, =3) /178 ~133

A(—4,-8),B(1, 6)

SOLUTION:
First, find the component form.
AB={x,-%.y,-»)

={1-(-4),6-(-8))
={5,14)

Next, find the magnitude. Substitute x, —x,; =5 and

Yo —Yy1 = 14 into the formula for the magnitude of a
vector in the coordinate plane.
|AH| = ‘u'll{x: -0+ -nY

=52 +14°

- /221 orabout 14.9

ANSWER:
{514} 221 =149
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75. A(-5, -12), B(L, 6)

76.

SOLUTION:
First, find the component form.
AB = '::"': — . ¥ _."'l}

=(1-(-5),6 - (-12))
=(6,18)

Next, find the magnitude. Substitute x, —x, = 6 and

Yo —Yy = 18 into the formula for the magnitude of a
vector in the coordinate plane.
|AH| 2 ‘u'll{"': -5+ -0y

=4J&% +18°

- 360 or about 19.0

ANSWER:
{6,18) 360 =~ 19.0

ENTERTAINMENT The Independence Day
fireworks at Memorial Park are fired at an angle of

82° with the horizontal. The technician firing the
shells expects them to explode about 300 feet in the
air 4.8 seconds after they are fired.

W
Y -~

Y
T
-

i

|

|

|
1300 fr
1

|

|

falls
Mote: Not drawn to scale.

a. Find the initial speed of a shell fired from ground
level.

b. Safety barriers will be placed around the launch
area to protect spectators. If the barriers are placed
100 yards from the point directly below the explosion
of the shells, how far should the barriers be from the
point where the fireworks are launched?

SOLUTION:
a. Use the equation for the vertical position of an

. y |
object, ¥ =1, sin@ g +#h,, and solve for v,,.
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77.

Lett=4.8, h0 =0,y =300, = 82°, and g = 32 since
units is given in feet.

: | .
y=1v,sind - ;;,r.r S+ h,

300 = (4.8)v, sin§2 -%{32){4.3}’ +0
I ,
300+ -(32)(4.8)° = (4.8)v, sin82

I ,
300+ (32)(4.8)°
M 0

4.8-sn82
140.7 = v,

The initial speed of the firework is about 140.7 feet
per second.

b. Use the equation for the horizontal distance of an
object, x =1, cos , and solve for x. Lett=4.8, v,
=140.7, and 6 = 82°.

x =1, cosf

x={48)140.7)cos82

x=94.0

The horizontal distance from the launch area to the
explosion is about 94 feet. The safety barriers will be
placed 100 yards, or 300 feet, from the point directly
below the explosion as shown.

|--oatt 300 ft |

I

I

|

t_‘I
&2 |
|

|

|

|

| 300 ft

Drawing is not to scale.

So, the barriers should be about 300 + 94 or 394 feet
from the launch site in the direction of the launch and
about 300 — 94 or 206 feet from the launch site in the
direction away from the launch.

ANSWER:

a. 140.7 ft/s

b. The barriers should be about 394 feet from the
launch site in the direction of the launch and about
206 feet from the launch site in the direction away
from the launch.

CONSTRUCTION A stone fireplace that was
designed as an arch in the shape of a semi-ellipse
will have an opening with a height of 3 feet at the
center and a width of 8 feet along the base. To
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sketch an outline of the fireplace, a contractor uses a
string tied to two thumbtacks.

a. At what locations should the thumbtacks be
placed?

b. What length of string needs to be used? Explain
your reasoning.

SOLUTION:

a. The thumbtacks should be placed at the foci of the
ellipse. Diagram the situation.
Thumbtacks

o
st

The distance from the center of the ellipse to the
thumbtacks, or foci c, can be solved using the

relationship 02 = a2 - bz, wherea=4and b = 3.

cz =c;'2 —bz
phegd g
::'2 =7

c= 27 or about £2.6

The thumbtacks should be placed about 2.6 feet to
the left and to the right of the center of the arch.

b. 8 ft; Sample answer: With the string anchored by
thumbtacks at the foci of the arch and held taut by a
pencil, the sum of the distances from each
thumbtack to the pencil will remain constant. When
the pencil is at one of the bottom corners of the arch,
exactly 4 feet from the center, the distance from the
far thumbtack to the bottom corner will be 4 + 2.6 =
6.6 feet and the distance from the other thumbtack
to the bottom corner will be 4 — 2.6 = 1.4 feet. Thus,
the total length of string needed is 8 feet.
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Thumbtacks

ANSWER:

a. about 2.6 feet to the left and to the right of the
center of the arch

b. 8 ft; Sample answer: With the string anchored by
thumbtacks at the foci of the arch and held taut by a
pencil, the sum of the distances from each
thumbtack to the pencil will remain constant. When
the pencil is at one of the bottom corners of the arch,
exactly 4 feet from the center, the distance from the
far thumbtack to the bottom corner will be 4 + 2.6 or
about 6.6 feet and the distance from the other
thumbtack to the bottom corner will be 4 —2.6 or
about 1.4 feet. Thus, the total length of string needed
i5 6.6 + 1.4 or 8 feet.
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78.

Solve each equation for all values of 6.
cscd+2cotfd=0

SOLUTION:
cscd + 2 cotid? =0
1 2cos8
sinf  sin@
1 +2cosé
sinf

1+ 2cosd =1}
2eosd =—1

0

0

cosd = -
The period of cosine is [0. 27) . The solutions on this
. In 4m . .
interval are Y and E% Solutions on the interval (—

oo, ), are found by adding integer multiples of 2.
Therefore, the general form of the solutions is

4 . .
= +2nm, — + Znw, where nisan integer
2 2 .

ANSWER:

% + 2am, 4TH + 2, ned
a a
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79.sec’9-9=0
SOLUTION:
sec’ @-9=0
sec’@=9

1

—=9
cos &

cos 0 =—

The period of cosine is [0. 2z} . The solutions on this

-

)

- 1 I 1 ] -
interval are cos 5 and cos | —— |. Solutions on

the interval (—oo, o), are found by adding integer
multiples of &t. Therefore, the general form of the

. - {
solutions is o _1-+J?n.cos '|—1

]+ nm, where # 15 an integer -
o

= A

ANSWER:
cos_% + nr, cos_l(—%) +am, ned
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80.2csc#—3=5sind
SOLUTION:

Zesc@—3=5s1n#

2

sin &

-3 )= sinf«5 sin #

—3=5=snl

zind - (

sinfd

2 — 3sinf = 5sin’f
— 55in’@ — 3sind +2=0
Ssin’6 + 3sinf —2 =0
(sinf +1)(5sinf —2) =0

sin@+1=10
siné? = -1

Ssin@-2=10
Ssinf =2

. 2
sinf =—
z

The period of sine is [0. 27) . The solutions on this

~

AT

5
interval are and sin ‘;. Solutions on the

interval (—oo, o), are found by adding integer
multiples of 2. Therefore, the general form of the
solutions is 3=

L oy . 42 g ; .
— 4+ 2nm,sin' = +2nm, 2n—sin ' = + 2nm, where # is an integer
5 5

ANSWER:

%‘r + Znm, sin _1% + Znm, 2 —sin _1% + Znm, n 8
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Sketch the graph of each function. 82.y =arccos x + 3
-1
81y = CO0Ss (X* 2) SOLUTION:
SOLUTION: First, rewrite y = arccos x + 3 in the form cosy = x.

First, rewritey = cos . (x=3) in the form cosy = 1 = arccosx + 3
X V=2=arccosx

cos(y=3)=x

y=cos' (x-2)
cosy={(x-2)
cosy+2=x Next, assign values toy on the interval [z.27] to

make a table of values.
Next, assign values toy on the interval [0.z] to

make a table of values.

T 0.99

y 5

0 3 4 0.60
T 3r

4 2.711 7 —0.14
n I

2 2 4 —0.80
3t .
0 199 o 0.99
T 1 Plot the points and connect them with a smooth

) curve.
Plot the points and connect them with a smooth y

curve. on--
y z :
\_ y=arccos x <+ 3

ANSWER:

x4
\_}: arccos X + 3.

eSolutions Manual - Powered by Cognero Page 35



8-4 Vectors in Three-Dimensional Space

83.y = sin * 3x
SOLUTION:

First, rewritey =sin 1 3x in the form sin y =X.

y=sin"' 3x
sin y = 3x

1 .
—siny=x

. . L ¢
Next, assign values toy on the interval [— > J to

make a table of values.

m & ;
=5 3
_m o
& f
0 0
T 1
& &)
T 1
o 3
Plot the points and connect them with a smooth
curve.
L ¥
i, -:.;--; sin=" 3x|
=
" _16 -08 08 16 *
ANSWER:
L ¥
i, -:.;-: sin=" 3x|
=
" _16 -08 08 16 *
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84. SAT/ACT What percent of the area of rectangle

PQRS is shaded?
P Q

s R
A 22%

B 25%

C 30%

1

D 33—-%
3

E 35%

SOLUTION:

By rotating one of the shaded areas, we can see that
one of the triangles created by the intersection of the
two diagonals is completely shaded.

P Q

s A

We now have to determine what portion the shaded
triangle is of the rectangle. Draw two additional
segments that divide the rectangle into 8 equal parts
as shown.

P Q

s R

1
Since 2 of the 8 pieces are shaded, exactly o or

25% of the rectangle is shaded.
The correct answer is B.

ANSWER:
B

Page 36



8-4 Vectors in Three-Dimensional Space

85. REVIEW A ship leaving port sails for 75 miles in a

direction 35° north of east. At that point, how far
north of its starting point is the ship?

F 43 miles

G 55 miles

H 61 miles

J 72 miles

SOLUTION:
Diagram the situation.

AN
ship
1

75mi

|
|
I
¥
|
|
\35° !

-

Port

L
mm

'1r
Use trigonometric ratios to solve fory, the distance
north the ship is from its starting point.

; v
gin35" = —
(]
758in35 =y
30=y

The correct answer is F.

ANSWER:
F
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86. During a storm, the force of the wind blowing

against a skyscraper can be expressed by the vector
{132, 3454, —76), where the force of the wind is
measured in newtons. What is the approximate
magnitude of this force?

A 3457 N

B 3568 N

C 3692N

D 3717N

SOLUTION:

Use the component form of the vector representing
the wind to find the magnitude.

J132° +3454° + (-76)° = /11.953.316

= 34574

The wind is blowing with a magnitude of about
3457.4 newtons.
The correct answer is A.

ANSWER:
A
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8-4 Vectors in Three-Dimensional Space

87. REVIEW An airplane is flying due west at a
velocity of 100 meters a second. The wind is blowing
from the south at 30 meters a second. What is the
approximate magnitude of the airplane’s resultant
velocity?

F 4m/s

G 95.4m/s
H 100 m/s

J 104.4 m/s

SOLUTION:
Diagram the situation.

v 30 m/s 3
100 m/s ¢ E

A
!

A vector that represents the velocity of the airplane
in component form is v = (100,0) . A vector that
represents the velocity of the wind in component
formis w = (0,30} . The airplane’s resultant velocity

risv+w.
r=v+w

=(100,0) +(0.30)
=(100,30)

Use the component form of r to find the magnitude
of the airplane’s resultant velocity.

T —
Ir| = /100% +30°
= /10,900
~104.4
The airplane’s resultant velocity is about 104.4

meters per second.
The correct answer is J.

ANSWER:
J
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8-5 Dot and Cross Products of Vectors in Space

Find the dot product of u and v. Then
determine if u and v are orthogonal.
l.u={3 —9 6}, v={—827)

SOLUTION:

u-v={3 —96)- (=827
=3(—8) +({—91(2) +6(7)
= —24 —18 +42
=0

Since u+v =0 uandV are orthogonal.

ANSWER:
0; orthogonal

2.u={50 —4yv={(6 —14)

SOLUTION:

u-v=(50 —4)-(6 —14)
=3(6) +0( =D + (-4 (4)
=304+0-16
=14

Since us+v # 0 uand V are not orthogonal.

ANSWER:
14; not orthogonal

3.u={2 —8 =7, v={529 -7

SOLUTION:

u-v=(2 —8 —7)-(59 —7)
=209+ (-8 +(-D(-7
=10 —72449
= —13

Since u+v =0 uand V are not orthogonal.

ANSWER:
—13; not orthogonal
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gu={—="7 =3 1), v={—4,5 —13)

SOLUTION:

u-v={—7 —31)-(—4,5 —13)
=(—D(—4)+(—-3(5) +1(—-13)
—28-15-13
=0

Since u=v =0 uand Vv are orthogonal.

ANSWER:
0; orthogonal

u={1,4, —2),v={—13,8)

SOLUTION:

u-v=(11.4, —2}-{-1,3,8)
=11{ -1 +4(3) +(—2)(8)
sz ] T Tef=2 16
= —15

Since usv # 0 uand V are not orthogonal.

ANSWER:
—15; not orthogonal

.uU=6i—-2j —5k,v=3i—-2 +6k

SOLUTION:
Write u and v in component form as

u= {E-,—E. —5} and v = ::3. —Z,ﬁ:;l.
u-v={6, —2, —5) ({3, —2,0}
=6(3) +(—-2(-2)+(—=3(6)

=18 +4 + —30
= —8

Since u=v # 0 uand Vv are not orthogonal.

ANSWER:
—8; not orthogonal
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7.u=3i—10j + k,v =7i + 2j — k

SOLUTION:

Write U and Vv in component form as
u=(3,-10,1yand v={7,2,-1),

u-v={(3 —10,1) {72, =1)
=34+ -10)(2) +1( —1)
=21-20-1
=0

Since u+v =0 uand Vv are orthogonal.

ANSWER:
0; orthogonal

.U=09i—9 +6k,v=6i+4j — 3k

SOLUTION:

Write U and v in component form as
u={9,-9,6)and v={64,-3).

u-v={(9 —96) (6,4, —3)
=9(6)+(—94) +6(—-3)
=54 —36—18
=0

Since usv =0 uand Vv are orthogonal.

ANSWER:
0; orthogonal
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8-5 Dot and Cross Products of Vectors in Space

9. CHEMISTRY A water molecule, in which the

10.

oxygen atom is centered at the origin, has one
hydrogen atom centered at £33.3, 55.5, —55.5) and
the second hydrogen atom centered at

{ —53.5, —55.5, —55.5), Determine the bond
angle between the vectors formed by the oxygen-
hydrogen bonds.

SOLUTION:

Let u=(55.5,55.5,-55.5) and
v={(-55.5,-55.5,-55.5) . Use the formula for the
angle between two vectors.

uv
cosf =——
2] v]

(55.5,55.5. —55.5) - (=55.5, —55.5, —55.5)
{55.5, 55.5, — 55.5)Il{ —55.5, —55.5, —55.5)|
—3080.25 4 ( —3080.25) +3080.25

V924075924075

—3080.25
9240.75

B=cos (—%)
3

f=109.5%

cosd =

cosd =

cosd =

The angle between the vectors formed by the
oxygen-hydrogen bonds is about 109.5°.

ANSWER:
about 109.5°

Find the angle & between vectors u and v to

the nearest tenth of a degree.
u=(3 —2 2, v={(L4, =7
SOLUTION:

cosf =Y

" ullv]
{3, —2.2)-{L4, =7

co8 =3 S L a, =)
o (D) + (=24 +2(=T7)
F o (—2) + 2T ()
wes. - T
Vo +4 +4y1416 +49
cosf = —19
Jy17/66
cost = —19
J1122
9= 124.6°
ANSWER:
124.6°
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8-5 Dot and Cross Products of Vectors in Space

11.u={6, —5 1, v={—8, —9,5)

SOLUTION:
cosl= 2V
[allvl|
_ {6, =51 {8 —95)
cos8 =116, —5.1)i( =8, —9.3)
_ B8(—8) +(—35(—9 +1(5
2
62+(—ﬂ2+ﬁ¢(—ﬂ +(-9) +5?
— —48 44545
¥36+25+1y64 +81+25
cosd = 2
y62y170
cosf = 2
22633
cosd = 1
V2635
g= 88.9°
ANSWER:
88.9°

12.u={—8 112}, v={—6,4,2

SOLUTION:
cos=2 ¥
[alfv]

(=8, 112 -{—6,4,2}

€0 = 2 1, 12) =6, 4. 2)1
o (;&(—®+um44ma
(-8)" +1 +12%y (-7 +47 +2°
—— 48 +4 424
V64 +1+144/36 +16 +4
cosf = __16
V20956
cosf = 16
242926
cosfd = 38
/2926
= 454°
ANSWER:
45 4°
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13.

14.

u=(10,0, —8),v=(3, —1 —12}
SOLUTION:

m-v
cosf =
[allv]

(10,0, —8) -(3, —1, —12}

©09 =100, =83 =1 —12)]
o 1wg+m—n+(—&:4m
ﬁm2+§+{—ﬁf¢§+(—g Gy
— 30 40 +96
Y100 +64/9 +14144
cosf— 126
/164154
sioopon 26
2/6314
cosf = 63
/6314
9= 375°
ANSWER:
37.5°

u=-3i+2j+9k, v=4i+3j- 10k

SOLUTION:

Write u and v in component form as
u=(-3,29)and v=(4,3-10).

cosf=2Y
[allwl
(=329 (4.3, —10)
¢ =135 o4, 3 —10)
Cosf— (—3)4 +2(3) +9( —10)
: 2
ﬂ[—ﬂ +2f +ohy4t 130 4 10y
e —124+6+( —90)
Y9 +4+81y16 +9+100
cosf = =08
Jo4y/125
cosf = 86
5470
8=1523°
ANSWER:
152.3°

Page 3



8-5 Dot and Cross Products of Vectors in Space

15. u=-6i+3j + 5K, v =—4i + 2] + 6k

SOLUTION:

Write U and v in component form as
u={-6,3,5)and v=(-4,2,6).

cosf=2"V
fal |
_ {—6,3,5)-(—4,2,6)
cos0 =~ 5.3, 5){ 4. 2. 6)]
o (=O)(=4) +3(2) +5(6)
R 3 3
J(—s) +32+52ﬁ—4) 57t
— 24 +6 +30
V36 +9+25)/16 +4 +36
cosS:L
V7056
c:c:'s;EJ:i
285
c:c:n’;ﬂzi
E
8=166°
ANSWER:
16.6°
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Find the cross product of u and v. Then show
that u x v is orthogonal to both u and v.

l6.u={—135),v={z —6 —3)

SOLUTION:

Find the cross product of u and V.
i j k

uxv=f-1 3 3
2 -6 =3
3 3| 1 3. |—l 3
— = J+ lﬁ
-6 -3 |2 3" |2 -6
=[-9=(=30)]i - (3-10)j + (6 - 6)k
=2li+7j+0k
=(21,7,0)

To show that u: v is orthogonal to both U and Vv,
find the dot product of ux v with Uand ux v with
\Eu ®¥) ' u

={217,0y-{-1, 3, 3)

=20 =1+~ 0(3)

= —214+2140

=0

(u=v)-w

={217,0y-{2, —6, —3)
=212+ =6 +0f—3)
=42—-4240

=0

Because both dot products are zero, the vectors are
orthogonal.

ANSWER:

u=v={2170)

(u=v)-u

={217,0)-{ —135)
=21 —T1) +7(3) +0(5)
=0

mEV) v

={2L7.0)- {2, —6, —3)
=22 +7( —6) +0(=3)
=0
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8-5 Dot and Cross Products of Vectors in Space

17.u={4,7, =2, v={—=5251)

SOLUTION:

Find the cross product of u and v.
i j ok

uxv=|4 T =2
-5 9 1
7 =2 |4 -2/, |4 7
ook 1‘”-5 ﬂ‘k
=[7-(-18)li - (4 -10)j +[36 - (-33) |k
=25i +6j+ 71k
={25,6,71)

To show that u:x v is orthogonal to both U and Vv,

find the dot product of ux= ¥ with uand u:x v with
V.

(u=v)-u

={25,6,7) -{4.7, —2}
=25(4) +6(7) +71( —2)
=100 442 —-142

=0

(uxv)-wv
={25,6,71) -{—5,9,1)
=25( —5) +6(9) +71(1)

= =125 +34:+T]
=0

Because both dot products are zero, the vectors are
orthogonal.

ANSWER:
uxv={2506"7T1

(m=v) -u
={25671-{4,7 —2
=25(4) +6(H +71 —2)
=1

(u=xv) v

=256 -{-591)
=25 =5 +6(9 +71(1)
=1
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18. u={3 —6 2, v={(15 —8)

SOLUTION:
Find the cross product of u and v.
i ik
3 -6 2
1 5 -8

uxvy=

2 3 -6
‘ 8" 1 5
= (48— |n}1 (-24-D)j+[15-(-6)]k
= 38i+26j+ 21k
=(38.26,21)

j+ k

To show that u: v is orthogonal to both U and Vv,

find the dot product of ux v with Uand ux v with
2

(u=v) u
—{3R 26 243 —5
=38(3) +26( —6) +21(2)

=114 —156 +42
=0
(u=v)-w

—(38,26,21) - (15, —8)
—38(1) +26(5) +21( —8)
=38+130 —168

=0

Because both dot products are zero, the vectors are
orthogonal.

ANSWER:
u v =(38 26,21)

(u=v)-u
—(38,26,21) - {3, —6, 2
=38(3) +26( —6) +21(2)

=0
(u=v) -v

—=(38,26,21y - {1,5, —8)

—=38(1) +26(5) +21( —8)
=0
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8-5 Dot and Cross Products of Vectors in Space

19.u=(5 —80)v={(—4, -27) 20.u=-2i -2 +5Kk,v=7i+j -6k

SOLUTION:
Find the cross product of u and v.
i j k
uxv=(5 =8 0
-4 -2 7
-8 0, |5 o, |5 -8
= li - i+ k
=2 7 |4 7 |4 =2

=(-56-0)i—-(35-0j+(-10-32)k
=-56i - 35j - 42k
= (-56,-35,-42)

To show that u:x v is orthogonal to both U and Vv,
find the dot product of u= ¥ with uand ux v with
\2

fu=v)-u

— {256, =35, <4255 =E.0)

=(—356)(5) +( —35)( —8) +( —42)(0)

= —280+280+0

=0

u=xv)- v

={-56, —35 —42y-{-4, -2
=(—=56)( —4)+( =39( =20 +( —42(T
=224 +70-294

=0

Because both dot products are zero, the vectors are
orthogonal.

ANSWER:

uxv={_—506 —35 —42

(u=v) -u

={—56, —35 —42y ({5, —810)
=(—=36)(3) +(=35(—-8) +(—42(0)

=
m=v)-v

Wk |, BTy I = (U B
=(=50) (-4 +(=35(-2) +(-42(7)
=0
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SOLUTION:

Write U and Vv in component form as
u={-2,-2,5)and v=(7,1,-6}.

i i k
uxv=|-2 -2 35

7 |

-2 3 -2 5 -2 2
= - i+ k
1 -6 7 -6 7 1
=({12-3i-(12-35)j+|-2-(-14)]k
=Ti+23j+12k
={?.23,]2}

To show that u: v is orthogonal to both U and Vv,

find the dot product of ux v with Uand ux v with
v

(ﬁXV] ‘u

={7,23, 12y {2, —2.5)
=T =20 4+23(—=2) +12(5)
= —14 —46 460

=0

(u=v)-w

=11 2312511, =—86)
=7 +23(1) +12( —6)
=49+ 23 -72

=0

Because both dot products are zero, the vectors are
orthogonal.

ANSWER:

u=v={7 2312}

(m=v) -u

={7. 23125 -{=2=20)
=7 —2)+23(—2) +12(5)
(Egv) v

={7. 23.125-{1] ‘“—86)
=T(7) +23(1) +12( —6)
=0
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8-5 Dot and Cross Products of Vectors in Space

21.u=—4i+j+8k,v=23i—4 — 3K

SOLUTION:

Write U and Vv in component form as
u={-418)and v=(3,-4,-3).

i ] k
uxv=—4 | b3
3 -4 -3
| 8|, |4 8|, |4 I‘
= I - !.r. k
-4 -3 3 -3 3 4

=[-3-(-32)]i-(12-24)j+(16-3)k
=291412j+ 13k
=(29,12,13})

To show that u: v is orthogonal to both U and Vv,
find the dot product of ux v with Uand ux v with
\EﬁXV) ‘u

={29,12,13) -{ 4.1, B)

=290 —4) +12(1) +13(8)

= =1-1h12+-104

=0

(u=v)-w

={25,12,13) - {3, —4, —3})
=29(3) +12( —4) +13( —3)
=87 —48 -39

=0

Because both dot products are zero, the vectors are
orthogonal.

ANSWER:

uxv=(291213)

(m=v) -u

={258,12,13) - {—4.1,8)
=290 —4) +12(1) +13(8)
=0

m=wv) -v

={258,12,13) - {3, —4, —3}
=29(3) +12( —4) +13( =3)
=0

22. RESTAURANTS A restaurant server applies 50

newtons of force to open a door. Find the magnitude
and direction of the torque about the door’s hinge.

eSolutions Manual - Powered by Cognero

SOLUTION:

The component form of the vector representing the
directed distance from the axis of rotation to the end
of the door can be found using the triangle shown
and trigonometric ratios.

091 m >
—'—‘_'_'/—’—'f'_‘_ |x

o,

bR |

10

Vector r is therefore
f—!J.Ei'lsin 10 .[l.‘llcmslﬂ'.ﬂtj or about

(~0.16,0.90,0) . Notice that the x-component is

negative since the door is resting 10° from the y-axis
in the direction of the negative x-axis. The vector
representing the force applied to the end of the door
is 50 newtons in the direction of the negative x-axis,
so F ={-50,0,0).

Use the cross product of these vectors to find the

vector representing the torque about the hinge.
T=rxF

i ji &
=-0.16 090 0
=50 0 0
090 0, |-0.16 0],
o o |-s0 of
= 0i —0j - 45k
=(0,0,—45)

-0.16  0.90
=50 0

The component form of the torque vector
(0,0,~45) tells us that the magnitude of the vector is

about 45 newton-meters parallel to the negative z-
axis.

ANSWER:
about 45 N- m parallel to the negative z-axis
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23. WEIGHTLIFTING A weightlifter doing bicep

curls applies 212 newtons of force to lift the
dumbbell. The weightlifter’s forearm is 0.356 meters
long and she begins the bicep curl with her elbow
bent at a 15° angle below the horizontal, in the
direction of the positive x-axis.

~

212N

16%

P e
m

a. Find the vector representing the torque about the
weightlifter’s elbow in component form.
b. Find the magnitude and direction of the torque.

SOLUTION:

a. The component form of the vector representing
the directed distance from the axis of rotation to the
end of the weightlifter’s forearm can be found using
the triangle shown and trigonometric ratios.

157
X '
'-.._:I_F'_'_,_,_,-'-""
Z
0.356m

Vector r is therefore
{'[1_3,'1'&::05 157, 0,0.356sn 13 ) or about

(0.34,0,-0.09) . Notice that the z-component is

negative since the weightlifter’s arm is at a 15° angle
below the horizontal. The vector representing the
force applied to the weight is 212 newtons up, so
F=(0,0,212).

Use the cross product of these vectors to find the

vector representing the torque about the hinge.
T=rxF

k|
~l0.34 0 -0.09

0o 0 212

0 000, (034 —009, 034 0
= i- 1+ k
o 212|'7] 0 212| lo o

= 0i - 72.08j - Ok
=(0.-72.08,0)

The component form of the torque vector is

eSolutions Manual - Powered by Cognero

8-5 Dot and Cross Products of Vectors in Space

24.

(0,-72.08,0) .

b. The component form of the torque vector
(0,~72.08,0) tells us that the magnitude of the
vector is about 72.08 newton-meters parallel to the
negative y-axis.

ANSWER:
a {0, —7T2.08 0)
b. about 72.08 N - m parallel to the negative y-axis

Find the area of the parallelogram with adjacent
sides u and v.

un={2 —5 3. v={4.6 -1
SOLUTION:
First, find wx= v,

uxv=2 -5 3

2 -5
k

6 -1 |4 -1" |4 6

=(5-18)i - (-2 -12)j +[12 - (-20)]k

=—13i+14j+32k

=(-13,14,32)

Then, find the magnitude of ux= v,

i+

wxvl =y (—13)% +14% + 322
= /169 +196 +1024

=/ 1589

=373

The area of the parallelogram is about 37.3 square
units.

ANSWER:

J1389 ~ 37.3 units®
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8-5 Dot and Cross Products of Vectors in Space

25.u={—912),v={6 —353) 26.u=1{4,3, —l},v={7,2, —2}
SOLUTION:
SOLUTION: First, find ux v .
First, find mx v, i j k
i i k uxv=(4 3 -1
pxv=-9 1 2 7 2 2
6 -3 3 ‘344-1‘43‘
= i- j+ k
1 2, |- 2|, |-9 1] 2 =2 7272
= i- i+ \k
-5 3 |6 3 6 -5 =[-6-(-2)]i—[-8-(-T)]j+(8-21)k
=[3-(-10}]i - (-27-12)j+ (45 - 6)k =—4i-1j-13k
=13i+39j+ 3% =(-4,-1,-13)

=(13,39,39)
Then, find the magnitude of uxv.
Then, find the magnitude of uxv.

vl =y (—4)% + (=% +(-13)

vl =137 4 307 4 397 =16 +1+169

=169 +1521+1521 = /136
= /3211 =136
zaiglig The area of the parallelogram is about 13.6 square
units.

= 567

Th fth llel is about 56.7 ANSWER:

eareao € parallelogram IS abou ./ square
units. J186 = 13.6 units?
ANSWER:

1319 ~56.7 units?

eSolutions Manual - Powered by Cognero Page 9



8-5 Dot and Cross Products of Vectors in Space

27.u=6i—2j +5K,Vv=5i— 4 — 8k

SOLUTION:

First, write U and v in component form as
u={6,-2,5)and v=(5,-4,-8). Next, find uxv.

i j k
uxv=6 -2 3
5 4 -8
-2 't‘ 6 5|, |6 -2
= i- i+
-4 -8 |5 -8 |5 4

=[16 - (~20)]i — (—48 - 25)j +[-24 — (-10}}k
= 36i + 73j - 14k
=(36,73,~14)

Then, find the magnitude of uxv.

e x vl =y 362 +73% + (—14)°
= /1296 + 5329 +196

= 6821
= 82.6

The area of the parallelogram is about 82.6 square
units.

ANSWER:

J6821 ~ 82.6 units?
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28. u=i+4j—8k,v=-2i+3j— 7K

SOLUTION:

First, write u and v in component form as
u={L4-8)and v={-2,3,-7). Next, find uxv.

i j k
uxv=|1 4 -§
-2 3 7
:4 _Hi_l _xj+| qk
3 -7 -2 -7 -2 3
=|-28-(-24)]i - (-7 - 16)j+[3-(-B) ]k
=—i+23j+11k

=(-4,23,11)

Then, find the magnitude of ux= v,

wxvl =y (42 +232 4112
=16 +529 +121
= /666

:3@

=258

The area of the parallelogram is about 25.8 square
units.

ANSWER:
3 ﬁ ~25.8 units2
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8-5 Dot and Cross Products of Vectors in Space

29.u=-3i— 5 +3Kk,v=4i—j+6K

SOLUTION:
First, write U and v in component form as
u={-3,-33)and v=(4,-1,6). Next, find uxv.
i j Kl
-3 =5 3
4 -1 6
-5 3. |3 3. |3 -
1 o' |4 6|’+'4 L
1| 1|
=[=30=(=3)]i = (=18 = 12)j +[3 - (-20) |k
=-27i+30j+23k
=(-27,30,23)

3 5

Then, find the magnitude of ux v,

e x vl =y ( —27)% +30% +25°

= /729 +900 + 529

=y 2158
=465

The area of the parallelogram is about 46.5 square
units.

ANSWER:

J2158 ~ 465 units?

Find the volume of the parallelepiped having t,
u, and v as adjacent edges.
30.t=( -1 —9.2hu={4, =7, —5Lv=(3 —2.6)

SOLUTION:
-1 -9 2
4 -7 -5
32 6
;‘-? -5(_!)_‘4 -5
-2 6 306
=(—42-10)0(-1)—[24 - (-15)|(-9) +[ -8~ (-21)}(2)
=52+351+26
=429
The volume of the parallelepiped is 429 cubic units.

te{uxv)=

-9+

4—72
3_2(]

ANSWER:
429 units3
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31.

32.

33.

t={—064, —8)u={—3 —L6)v=(25 —T)

SOLUTION:
6 4 -8
-3 -1 6

2. .5 =1

te{uxv)=

LY g
“ls 7
= (7=30)(=6) = (21 = 12)(4) +[~15 = (~2)|(~8)
=138—36+104

- 206

The volume of the parallelepiped is 206 cubic units.

-2 Clay”
Tl =l 3

(-8)

ANSWER:
206 units3

t={z —3, —1u={4, —63),v={—-975 —4)

SOLUTION:
2 3 -l
4 6 3
-9 5 -4
-6
=(24-135)(2) - [-16 - (-27)](-3) + (20 - 54)(-1)
=18+33+34
=85
The volume of the parallelepiped is 85 cubic units.

te(uxv)=

4
-0

-3+

3 —6) ;
- 5|CD

3
-

9

ANSWER:

85units3
t =—4i +j + 3k, u=5i+7j — 6k, v =3i - 2j — 5k

SOLUTION:

Write t, u, and v in component form as
t=(-4,13)},u=(5,7,-6),and v =(3,-2,-5).

-4 1 3
tefuxv)=|3 7 -6
3 =X =§
7 -§ 5 -6 5 7]
=‘_2 _Si(—4)—-3 _5‘(1]1-3 _25(3)
=(=35-12)0(—4) - [-25-(-18)](}) + (-10-21)(3)
=188+7-93

=102
The volume of the parallelepiped is 102 cubic units.

ANSWER:
102 units®
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8-5 Dot and Cross Products of Vectors in Space

34.t=i+j—4k,u=-3i+2j+7k,v=2i—6j + 8k

SOLUTION:

Write t, u, and v in component form as
t={11,-4),u={-3,27), and v=(2,-6,8).

11 -4
tefuxv)=-3 2 7
2 -6 8
_|2 ?“)_‘-3 ?m+-3 2‘{_4)
-6 8 2 8 2 -6
=[16-(-42)] (1)~ (-24 - 14)(1) + (18 - 4)(—4)
=38+38-36
=40

The volume of the parallelepiped is 40 cubic units.

ANSWER:

4Ounits3
35.t=5i -2 +6k,u=3i -5+ 7k,v=8i —j + 4k

SOLUTION:

Write t, u, and v in component form as
t={5,-2,6),u=(3,-5,7), and v=(8,-1,4).
5 -2 6
357
8 -1 4
-5 75(5)__, 3
-1 4778 8
=[-20-(-D](3} - (12 - 56)(-2) +[-3 - (-40)](6)
=—65-88+222

=69

te(uxv)=

3 -5
N -1

(6)

7 ;
4i(_ )+

The volume of the parallelepiped is 69 cubic units.

ANSWER:
69 units3
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36.

Find a vector that is orthogonal to each vector.
{3, —8,4)
SOLUTION:

Sample answer: Two vectors are orthogonal if and
only if their dot product is equal to 0. Let

a=(3,-84) and b= (x,y.z). Find the dot product
of aand b.
ash=(3,-8,4)+(x,y,2)

=3x+(=8)y+4z

=3x-8y+4dz

If a and b are orthogonal, then 3x — 8y + 4z = 0.
Substitute values for x and y and solve forz. Let x =
4andy = 3.
3x—8y+4z=0
) -8(3)+4=z=0
—12+4z=0
dz=12

=
L=

A vector orthogonal to {3,-8,4) is (4.3,3).

ANSWER:
Sample answer: 14, 3, 3}
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8-5 Dot and Cross Products of Vectors in Space

—-1,-2,5 /

37.1 ) 38. (6,-1.3)
SOLUTION: VR
Sample answer: Two vectors are orthogonal if and SOLUTION:

only if their dot product is equal to 0. Let Sample answer: Two vectors are orthogonal if and

a=(-1-2,5) and b= (x.y,z). Find the dot product only if their dot product is equal to 0. Let
of aand b. | )
ash=(-1,-2,5)(x,y,2) a= {.Hﬁ‘_j—‘_Bf-:l and b = (x,y.z) . Find the dot
=-lx+(-2)y+5z product of aand b.
=-x-2y+3z

f l )
asb={6.——.-3)s(x, 1.2}
l:ll 3 III.' L ,-:I

L}

If aand b are orthogonal, then —x — 2y + 5z = 0. _ ( B
Substitute values for x andy and solve forz. Let x = i = |y +(-3)z
5andy =5. o T
—x—2y+5z=0 :ﬁ_r—lil'—iz
~(5)=2(5)+52=0 3 |
~1545z=0 If aand b are orthogonal, then 6x—— y—3z =1
Sz=13 Substitute values for x andy and solve forz. Let x =
z=3 landy =09.
'ﬁt—l y—3z=0
A vector orthogonal to (~1,-2,5) is (5,5,3). Ty
] -
ANSWER: 6(1) - ‘:1(‘:]'}—_"_ =0
Sample answer: 43, 3. 3} 3-3z=0
-3z=-3
z=]

[, 1
A vector orthogonal to l:llﬁ.—;.—:i::l is (19,1},
-

ANSWER:
Sample answer: 41. 2. 1}
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8-5 Dot and Cross Products of Vectors in Space

39.

40.

{7,0, 8)
SOLUTION:

Sample answer: Two vectors are orthogonal if and
only if their dot product is equal to 0. Let

a=(7.0.8) and b = (x.y,z) . Find the dot product of

aandb.
asbh=(7,0,8)+(x,y,z)

=Tx+0y+38z
=Tx+8z

If aand b are orthogonal, then 7x + 8z = 0.
Substitute a value for x and solve forz. Let x = 8.

Tx+8z=0
T-8)+8z=0
—56+8z=0
8z =56

z=7

A vector orthogonal to (7.0,8) is (~8,0.7) .

ANSWER:
Sample answer: ¢ — &, 0,7}

Givenv and u - v, find u.

v={(2 —4, —b8hurv= —22

SOLUTION:

Sample answer: Let u = {x, y,z) . Substitute U, v,

and u+v into the equation for a dot product.

u=v= {:.T,_}*_:}-{E.—J.—ﬁ}
=22 =x(2)+ v(-4) + z(-6)
=2 =2x=-dy=-0z

Substitute values for x and y and solve forz. Let x =

—6andy = -2.
-22=2x—-4y—6z
=22 =2-0)-4(-2)-6z
-22=-4-6z
-18=-6z

3=z

Therefore, u = (-6,-2.3).

!

ANSWER:

Sample answer: { —6, — 2, 3}
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[ ]
41.v = | -l.,{},ﬂ,u-v: L
\2 / 2

SOLUTION:
Sample answer: Let u = {x,}-‘.:} . Substitute u, v,

and u-v into the equation for a dot product.

\

f
u-v:{.r._r.z}-:'llé_ti_4f

b1
%:;—[%Jn-{tm:m}
2 = lr +dz
2 2

Substitute a value for x and solve forz. Let x = —1.

oL = lAr'+-'¥z
2

= %[—i]+42

:—l+42

2
16=4z
d==z
Therefore, u =(~1,0,4) .

(Y R N R Y

ANSWER:
Sample answer; { —1. 0.4}
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8-5 Dot and Cross Products of Vectors in Space

42.v={—2 —6 =5 u-v=35 Determine whether the points are collinear.
43, U1 3 S 5, LT3y
SOLUTION:
SOLUTION:

Sample answer: Let u = {x, y,z) . Substitute U, v,
Leta=(-1,7,7),b=(-3,9,11),and c = (-5, 11,

13). Form two vectors, ba and b . If the three
points are collinear, then the angle between ba and

ag B T e he will be 0° or 180°.
SR TR A R Find the component form of each vector.

and u+v into the equation for a dot product.
uev={x,y,z)s(-2,-6,-5)

35 = x(=2) + y(=6) + z(=5)

Substitute values for x and y and solve forz. Let x = e
ba ={x3 —x,¥z —¥y1.21 —21}

-3andy =1.

35==2x-6y-5z =({—-1—-(—-3,7-9.7-11
35=-2-3)-6(l)-5= ={2, —2, —4)

35=-5z be = R }

f = - - L
Therefore, u={-3,1,-7). =3 -(=3)11-9,13-11)

ANSWER: gt
- i
Sample answer: § — 3 ) Use the fomjula Lor the angle between two vectors.
cosf = %
‘ba ‘ be

{2 =02 =l d 2,03

cosf = {2, —2, —4)I{ =2, 2, 2}
cosf = o ek
Joiyiz
—16
cosl=——
1242
g=160.5°

The angle between the vectors is not 180° nor 0°.
Therefore, the points are not collinear.

ANSWER:
not collinear
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8-5 Dot and Cross Products of Vectors in Space

44. (11, 8,-1), (17,5,-7), (8,11, 5)

SOLUTION:
Leta=(11,8,-1),b=(17,5,-7),and c = (8, 11, 5).
Form two vectors, ha and bc . If the three points

are collinear, then the angle between #a and bc will
be 0° or 180°.

Find the component form of each vector.

ba = {.r: -5 0 —N.5 - 21;'
=(11-17,8-5,-1-(-7))

=(~6,3,6)

be = l;:_'l:: —X. Vs = V.8 — 5 ;
=(8-17,11-5,5-(-7))

=(-9,6,12)

Use the formula for the angle between two vectors.

E - be
R
‘ba Hbc‘

_ {—6,3,6) - {—9,6,12)
©0s8 =753, 6yI =9, 6, 12)]
- 54 +18 +72

V36 +9 +36y/81436 +144
cosﬁ'=L
/31261
cosd = 144
9y/261
l!i'=c:-::-s_1L
Y261
g=8

The angle between the vectors is about 8°.
Therefore, the points are not collinear.

ANSWER:
not collinear
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Determine whether each pair of vectors are
parallel.

cm={2 —10,6),n={3 —159)

SOLUTION:

If two vectors are parallel, then the angle between
the vectors will be 0 or 180°. Use the formula for the
angle between two vectors.

cosf =2 2
Il |
{2, —10,6)-{3, —15,9)
208 =15 =10 )3, —15.9)]
e 6 4150 + 54
V4 4100 4 36y/9 + 225 +81
cosf— 210
Y 140)/315
cosﬁ=¢
6y/ 3535
_ 210
cosd = =10
f=cos 1
8=

The angle between the vectors is 0°. Therefore, the
vectors are parallel.

ANSWER:
parallel
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8-5 Dot and Cross Products of Vectors in Space

46.a={6,3, —T),b={—4, -2 3) /
47.w= |
SOLUTION: \

If two vectors are parallel, then the angle between SOLUTION:

the vectors will be 0 or 180°. Use the formula for the If two vectors are parallel, then the angle between
angle between two vectors.

i the vectors will be 0 or 180°. Use the formula for the
i

[
|
o0

cosfl = allb| angle between two vectors.
e
A8 =Tl A= 8) cosf =2
SO =163, =NI(=2, —2.3) heliz|
(_i 3 _E).{_4 2 —3)
cost = w0 ) S cosf = 2. 1 ki
mirk s ' 33 ] =
V36 +9+49)/16 +4 +9 (2.2, -2)|ju—a.2 -3
; 3, 27
COSE';:V,_—i/l_ H 6+§+?
94y 29 Cos =—"7—03 31
s (2+Z +8yi6+4+9
Cosl = ——— 27
Voay/29 T
EOSH:T
Ezcos_l_—jl H@
9=167.6° cosf = —2
7569
The angle between the vectors is about 167.6°. 3
Therefore, the vectors are not parallel. 87
|::-::-s|5'=i
ANSWER: %
not parallel 4
f=cos 1
g=10

The angle between the vectors is 0°. Therefore, the
vectors are parallel.

ANSWER:
parallel
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8-5 Dot and Cross Products of Vectors in Space

Write the component form of each vector.

48. u lies in the yz-plane, has a magnitude of 8, and
makes a 60° angle above the positive y-axis.

SOLUTION:

If U lies in the yz plane, then the x-component is 0.
Sketch the vector in the yz plane.

A

A

=y

The vector can be represented by a triangle as
shown.

Use trigonometric ratios to findy and z.
cos60 =& sin60 =2
: 8 8

Beoshl) = v dsinfdl) ==

HrlJ—l hi
\2)™

4= ¥ -I-\Ilr_

r"'_\_‘\

w | &

e "
Il
L]

=
So. u ={_ﬂ_4,4¢.~}_

ANSWER:

[0.4.4/3)
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49. v lies in the xy-plane, has a magnitude of 11, and
makes a 30° angle to the left of the negative x-axis.

SOLUTION:

If v lies in the xy plane, then the z-component is 0.

Sketch the vector in the xy plane.

The vector can be represented by a triangle as

shown.

Use trigonometric ratios to findy and x.

cos30° = =
|
Ileos30 =y
|"' 3
Ilg g};wr
i'.. A
1143
—=x
2

sin 30 =

1sin30° = y

Since V is to the left of the negative x-axis, x andy

are negative.

[ 1143
SO,V:{—ﬂ_—
2
2
ANSWER:
I,' ."_
{—]'“3_—ﬂ_u\
V2 2 f

11
2

L]
).

!
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8-5 Dot and Cross Products of Vectors in Space

Given the four vertices, determine whether
guadrilateral ABCD is a parallelogram. If it is,
find its area, and determine whether it is a
rectangle.

50.A(3,0,-2), B(0,4,-1), C(0, 2,5), D(3, 2, 4)

51.

SOLUTION:

It both pairs of opposite sides of a quadrilateral are
congruent, then the quadrilateral is a parallelogram.
Use the Distance Formula for points in space to find
the length of each side.

AB=\J(x. - x ) + (3, -3V +(z: -2,
= J(0-3F +(4-0) +[-1-(-2)f
- J26

BC=\(x,-x ¥ +(3,-n) +(z,-2)
= J0-0F +(2-4) +[5-(-DF
=40
=24/10

CD=J(x. - x ) + (0 - 0 ) +(z
=J3-0F +(2-2F +(4-5)
=10

DA=\J(x, - %) +(3, - ») +(z,
= J3-3) +(0-2) +(-2-4)°
=40
=210

Since both pairs of opposite sides are not congruent,
ABCD is not a parallelogram.

_-3'|}:

z)

ANSWER:
not a parallelogram

A(7,5,5),B(4,4,4),C4,6,2),D(7,7,3)

SOLUTION:

If both pairs of opposite sides of a quadrilateral are
congruent, then the quadrilateral is a parallelogram.
Use the Distance Formula for points in space to find
the length of each side.

AB=\|(x, - x,F + (3, = 3) +(z. - z,)°

= ‘JII':‘I— 7Y +{4-5)° +(4-5)

=11
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BC=\(x; -5V + (3, - ) +(z,
= J(4—4) +(6-4) +(2-4)
=8
=22

CD=:f(x, =5 Y +( = 1Y +(z, - 2,)°
= JT-9 +(7-6)* +(3-2)°
=11

DA=\J(x, - %) +(v, - )
=JT-TP +(5-7P +(5-3)
=8
=22

Since both pairs of opposite sides are congruent,
ABCD is a parallelogram. The area of a
parallelogram is A = bh.

A=>bh

- (e
=2y/22

=94
The area of the parallelogram is about 9.4 units?.

z)

+(z,-z)

If a parallelogram has one right angle, then it has
four right angles and is a rectangle. Form two

vectors, ba and be . If ba+bc =0 then ba and
he are orthogonal and perpendicular. If ha and
he are perpendicular, then ABCD is a rectangle.

Find the component form of each vector.

ba = l:.l‘: ~ X, ¥ —M.8p— 21}
= {?—4._‘5—4.5—4:1
:{3,L|}

be = {.1:: — X, ¥y — .2 —z]}
= {4-4,6-4,2-4)

= ({}\2,—2}
ba+be =(3,1,1)+(0,2,-2)
=3+ K2+ 1(-2)
=0
Since ha=hc =0, ba and bc are orthogonal. Thus,
ABCD is a rectangle.
Page 19



8-5 Dot and Cross Products of Vectors in Space

52.

ANSWER:

parallelogram; about 9.4 unitsz; rectangle

AIR SHOWS In an air show, two airplanes take
off simultaneously. The first plane starts at the
position (0, —2, 0) and is at the position (6, —10, 15)
after three seconds. The second plane starts at the
position (0, 2, 0) and is at the position (6, 10, 15) after
three seconds. Are the paths of the two planes
parallel? Explain.

SOLUTION:

Let f, be the vector that represents the path of the
first plane and let f, be the vector that represents the
path of the second plane. Write f, and f, in
component form.

f, =(6 =%, - .2 -2

T

=(6-0,-10-(-2),15-0)
=(6,-8,15)
= =%, %

- ¥V,Z:=3)

=(6-0,10-2,15-0)

If two vectors are parallel, then the angle between
the vectors will be 0 or 180°. Use the formula for the
angle between two vectors.

cosﬂ:ﬂ
| 1]1F 2]

_ (6, —8,15) +{6.8.15)
cosd =6 —8.15)16.8.15),
e 36+ ( —64) +225

V36 + 64 +225/36 +64 + 225
ol AR
/325/325

197
cosd = 335

1197

AR ge
g=527°

The angle between the vectors is about 52.7°.
Therefore, the paths of the two planes are not
parallel.
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53.

54.

(Note that for this problem we are also assuming
that the planes fly in a straight line.)

ANSWER:

No; sample answer: Using vectors in component
form to represent the path of each airplane, it can be
determined that the angle between the two vectors is
52.7°. Therefore, the paths of the two planes are not
parallel.

Foru= {3:2: _2} and v ={ _4:4:5:’, find
each of the following, if possible.

u-(uxv)

SOLUTION:

Findu x v,

i

i

3 2

-4 4 3

2—2‘_ 3 3.3 2
=11~ i

4 5 -4 50" -4 4
=[10 = (=8)]i - (15 - 8)j +[12 - (-8)]k
=18i-7j+ 20k
=(18,-7,20)

Find us(ux=v).

u-{uxﬂ—{:12.—2::-“3.—?.2{]'}

=3(18)+ 2(-T)+(-2)(20)

=0

uxy

‘k

ANSWER:
0

Vx(u-v)
SOLUTION:
Find u=v,
U*v= -'{3. 2, —2::'-{:—4, 4.5;‘
=3H=d)y+ 2(4) + (=2)(5)
=-14
Since u+v is the scalar —14, vx{us+v) is not

possible because the cross product definition only
applies to vectors in three-dimensional space.

ANSWER:
not possible
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8-5 Dot and Cross Products of Vectors in Space

55.

56.

57.

Uuxuxyv
SOLUTION:
Find u x u.
i j k
uxu=3 2 -2
302 -2
| T R I 2‘
= i- i+ Tk
2 2] B -2 B 2
=[-4-(-4)]i-[-6-(-6)]j+(6-6)k
=0i-0j+ 0k
=(0,0,0)
Find U x U x v,
uxux\r=::ﬂ,ﬂ,{]}x'-.-'
i j k
=0 0 0
-4 4 5
o o |o o. |0 0
— _l—' _J'i- k
4 5 |4 5 |4 4
=(0-0i—-(0-0)j+(0-0)k
=0i — 0 + 0k
={U,{J,{]}
ANSWER:
£0,0, 0%
V-V-u
SOLUTION:
Find v=v .

Vev = {—4,'—1,5}-{—4,4.5)
= (~4)(~4) + 4(4) + 5(5)
=57
Since v+v is the scalar 57, v+v+u is not possible

because the dot product definition only applies to
vectors.

ANSWER:
not possible

ELECTRICITY When a wire carrying an electric
current is placed in a magnetic field, the force on the

wire in newtons is given by ¥ =1L x B, where |
represents the current flowing through the wire in

amps, L represents the vector length of the wire

eSolutions Manual - Powered by Cognero

pointing in the direction of the current in meters, and

B is the force of the magnetic field in teslas. In the
figure below, the wire is rotated through an angle

& in the xy-plane.

a. If the force of a magnetic field is 1.1 teslas, find

the magnitude of the force on a wire in the xy-plane
that is 0.15 meter in length carrying a current of 25

amps at an angle of 60°.

b. If the force on the wire is F = {0.0, —0.63),
what is the angle of the wire?
SOLUTION:

a. Since the force of the magnetic field is moving
parallel to the y-axis, it can be written in component

formas & ={0,1.1,0). Use the length and direction

of the wire to write /. in component form.

-
-
x___-' e

607

3 0.15m

The angle between the wire and the x-axis is 60°.
Since the wire is located in the xy-plane, the z-
component is 0. We can use trigonometric ratios to
solve for the x- and y-components.

LS sin60° = —
cos bl = T ¥ 015
x=0.15¢cos60 y=0.15s1n 60
f III—“
3
x=0.15] .]] y=0.15 ==
1 ? 2
o L
x=0075 ¥%0.130

Thus, = {0.075,0.130,0) . Substitute L, B, and |
into the equation # = /Lx B and find F .
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8-5 Dot and Cross Products of Vectors in Space

Given v, w, and the volume of the

iy parallelepiped having adjacent edges u, v, and

=25{0.075,0.130,0) x (0,1.1,0) w. find c.

=(1.875,3.25,0)x(0,1.1,0) 58, w2 T ARSI = e <3 and V= 7
325 0, [1.875 0. [1.875 3.25 cubic units

= e i+ k
1.1 0 0 0 0 1.1

=0i—0j+2.06k

=(0,0,2.06)

Therefore, /7 ={0,0,2.06). The magnitude of the
force on the wire is about 2.1 newtons.

b.
Since F = {0,0,-0.63),z = —0.63. Substitute z =
—0.63 into the equation and solve for 6.

F =]LxB ,
—0.63 = 25(0.15c0s 8)(11) SOLUTION: )
063 _ .4 The volume of the parallelepiped can be found by
Fm I calculating ¥ = |u«(v x w)| . Substitute v, u, w, and V
-1 —0.63 _
COs [W) =4d i:n? SO|V? fOI’ C.
98.8 = 6 = fue (vxw)|
e =3 1
Therefore, the angle of the wire is about 98.8°. 7=1-2 -1 4
1 0 -2
ANSWER:
-1 4 iz, (] (S =, |
a.about 2.1 N =, A9 L9 . L
b. about 98.8°
7=(2-0)(c)— (4= 4)=3) +[0 - (1))
7=2c+1
6=2
3=¢
ANSWER:
3
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8-5 Dot and Cross Products of Vectors in Space

59.v={0,55),w ={505u=(5¢.0andv = 60. PROOF Verify the formula for the volume of a

250 cubic units

SOLUTION:
The volume of the parallelepiped can be found by
calculating ¥ =|u«(vx w)| . Substitute v, u, w, and V
and solve for c.

Vo=|us(vxw)

5 ¢ 0
250=|0 5 5
505
o 18 Bl 0 0 3
250=|  |(5)-|. _|[@+]. (O
0 3 5 3

250 =(25-0)035) = (0= 25)c) +(0=25)0)
230=125+ 25¢
125=25¢

S=¢c

ANSWER:
5
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parallelepiped. (Hint: Use the projection of u onto v
X W.)

vwl §r’ Py

SOLUTION:

Sample answer: The base of the parallelepiped is a
parallelogram with area |v x w|. The height is

|proj,, ,u| . So, the volume of the parallelepiped is V

= |vxw| |proj,,.,u|.

V= v %W * [projy «yu| Volume formula

u-(v=w)

|Cv w)]

=vxw]|:

(v xw)

Projection of nonte v xw

Ju - (v *w)|

= v *w]|- v *w| PBEule of Abselute Values

|(v xw)]

=|u- (v *w)| Simplify.

ANSWER:

Sample answer: The base of the parallelepiped is a
parallelogram with area |v » w|. The height is

[proj,, .,u
= |vx w| |proj,,.,u|.

. So, the volume of the parallelepiped is V

V' =|vxwl|-|proj, ul

ne{vxw)

=|vxw|- (vxw)

[(vxew)f
e v w)|

|{vxw}l|:

=|v:-<w|- [vxw|or

TR RY xw}|
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8-5 Dot and Cross Products of Vectors in Space

61.

62.

REASONING Determine whether the following
statement is sometimes, always, or never true.
Explain.

For any two nonzero, nonparallel vectors in
space, there is a vector that is perpendicular to
both.

SOLUTION:

Always; sample answer: The cross product of two
three-dimensional vectors results in a vector that is
perpendicular to both original vectors.

ANSWER:

Always; sample answer: The cross product of two
three-dimensional vectors results in a vector that is
perpendicular to both original vectors.

REASONING If uand Vv are parallel in space,
then how many vectors are perpendicular to both?
Explain.

SOLUTION:

Sample answer: There are infinitely many vectors
that are perpendicular to a pair of parallel vectors. If
two vectors are parallel, then they are coplanar. Due
to the Perpendicular Transversal Theorem, if a
vector is perpendicular to one of the two parallel
vectors, then it is perpendicular to the other. Since a
vector can have infinitely many perpendicular
vectors, there are infinitely many vectors that are
perpendicular to the pair of parallel vectors.

ANSWER:

Sample answer: There are infinitely many vectors
that are perpendicular to a pair of parallel vectors. If
two vectors are parallel, then they are coplanar. Due
to the Perpendicular Transversal Theorem, if a
vector is perpendicular to one of the two parallel
vectors, then it is perpendicular to the other. Since a
vector can have infinitely many perpendicular
vectors, there are infinitely many vectors that are
perpendicular to the pair of parallel vectors.
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63.

64.

CHALLENGE Givenu ={4,06,¢}) and
v={—3, —<.5) find the value of ¢ for which u x
v = 34i — 26j + 10K.

SOLUTION:
Find uxv.
i j k
uxv=(4 6 ¢
-3 =2 5
6 ¢, |4 ¢. |4 6
= Ji- i+ k
-2 5 -3 5 |3 -2

=[30 - (-2&)]i - [20 - (-3)]j +[-8 — (- 18) ]k
=(30 4+ 2¢)i - (20 + 3¢)j + 10k
Since 30 + 2¢ = 34, solve for c.
304+ 2¢c =34
2e=4
=71
Substitute ¢ = 2 into —(20 + 3c) = —26 to verify the
solution.
=204+ 3c)==<206
[20+3(2)]=-26
26==26
Thus, ¢ = 2.

ANSWER:
2

REASONING Explain why the cross product is not
defined for vectors in the two-dimensional coordinate
system.

SOLUTION:

Sample answer: The definition of the cross product
of vectors a and b is the vector perpendicular to the
plane that contains both a and b. To have a vector
that is perpendicular to a two-dimensional plane, a
third direction is needed.

ANSWER:

Sample answer: The definition of the cross product
of vectors a and b is the vector perpendicular to the
plane that contains both a and b. To have a vector
that is perpendicular to a two-dimensional plane, a
third direction is needed.
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65. Writing in Math  Compare and contrast the

methods for determining whether vectors in space
are parallel or perpendicular.

SOLUTION:

Sample answer: To determine if two vectors are
parallel or perpendicular, you can use the formula for
the angle between two vectors. If the angle
measures 0 or 180, they are parallel. If the angle
measures 90, they are perpendicular. You can also
find the component form of the two vectors and use
the ratios of the coordinates to determine if two
vectors are parallel. If the ratios of all three
coordinates of the component vectors are the same,
then the vectors are parallel. This method does not
work for determining if two vectors are
perpendicular. To determine if two vectors are
perpendicular, you can find the dot product of the
vectors. If the dot product is 0, then the vectors are
perpendicular. This method does not work for
determining if two vectors are parallel.

ANSWER:

Sample answer: To determine if two vectors are
parallel or perpendicular, you can use the formula for
the angle between two vectors. If the angle is
measures 0 or 180, they are parallel. If the angle
measures 90, they are perpendicular. You can also
find the component form of the two vectors and use
the ratios of the coordinates to determine if two
vectors are parallel. If the ratios of all three
coordinates of the component vectors are the same,
then the vectors are parallel. To determine if two
vectors are perpendicular, you can find the dot
product of the vectors. If the dot product is 0, then
the vectors are perpendicular.
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8-5 Dot and Cross Products of Vectors in Space

66.

67.

Find the length and midpoint of the segment
with the given endpoints.

(1,10, 13), (-2, 22, —6)
SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d=y(z—x)? + 0z —»)* + @z —21)
e yfapr el dippega 3y

=y9+144 4361

=y 514
=227

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

(,1'1 +X, Wty z+2, "|_ [1+(=2) 10+22 13+(-6)
"2 » 2 2 2 J. 2 73 2J
(1167
X 2'"'2]
ANSWER:
= | T
x."‘leIE_?;[— 16, |
2 2

(12, -1, -14), (21, 19, —23)

SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d =y (2 =7 + oy —y) 2+ G2 —20)”
ol gy R e g e A prog e ey

=81+400+81

=562
=237

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

(,\', +Xy W+ Vs :,12_.\| 12+21 -1+19 -I4+[-23)]
; : = 5
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8-5 Dot and Cross Products of Vectors in Space

68.

69.

(-22, 24, -9), (10, 10, 2)

SOLUTION:

Use the Distance Formula for points in space to find
the length of the segment.

d=y (=)’ + g~y  + 22 —20)”
=i pE=payP en et ey
=\1024 +196 +121

134

14
6.6

]2

—

LiJ
[¥3]
O

o
(V5]

Use the Midpoint Formula for points in space to find
the midpoint of the segment.

x+x3 yy+ya z1+z3

2 ; 2 : 2
_(—22+m 24 +10 —9+2)
. 2 : 2 : 2
i _1
(Y
ANSWER:

— ‘ 3
3149 :3(1_&;L—ﬁ.]?.— |
2)

Find the dot product of u and v. Then
determine if u and v are orthogonal.
{—8 =Tyl 2
SOLUTION:
sy = {—&—?}-{I.z}

= (=8)(1) + (-7)(2)

=-22
Since u+v =10 uand V are not orthogonal.

ANSWER:
—22; not orthogonal
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70. 4 —4, —6)-{7,5)

71.

SOLUTION:
sy = r;—il,—ﬁ:;l- {15:}
=(=4)(7) +(—6)(3)

= =58

Since usv # 0 uand V are not orthogonal.

ANSWER:
—58; not orthogonal

{6, =3)+({—3.5)
SOLUTION:
u=v= I:Iﬁ.\—’::!'{—?l\;f::l

= (6)(=3)+(=3)3)

]
= 35

Since u+v =0 uand V are not orthogonal.

ANSWER:
—33; not orthogonal

Page 26



8-5 Dot and Cross Products of Vectors in Space

72. BAKERY Hector’s bakery has racks that can hold

up to 900 bagels and muffins. Due to costs, the
number of bagels produced must be less than or
equal to 300 plus twice the number of muffins
produced. The demand for bagels is at least three
times that of muffins. Hector makes a profit of $3
per muffin sold and $1.25 per bagel sold. How many
of each item should he make to maximize profit?

SOLUTION:

Let x represent the number of muffins produced and
y the number of bagels produced. The objective
function is then given byf (x,y) = 3x + 1.25y.

The constraints are given by the following.
X +y <900 Bakery capacity constraint
y <300 + 2x Production constraint

y >3X Market demand constraint

Because x andy cannot be negative, additional
constraints are x >0 andy > 0.

Sketch a graph of the region determined by the
constraints to find how many of each product the
bakery should produce to maximize profit.

[LAEN A

600}

Number of Bagels

2

=

500 300 600 800 X
Number of Muffins

The shaded polygonal region has four vertex points
at (0, 0), (0, 300), (200, 700), and (225, 675). Find the
value of f (x,y) = 3x + 1.25y at each of the four
vertices.

(0, 0) = 3(0) + 1.25(0) = 0

£(0, 300) = 3(0) + 1.25(300) = 375

(200, 700) = 3(200) + 1.25(700) = 1475
£(225, 675) = 3(225) + 1.25(675) = 1518.75

Becausef is greatest at (225, 675), the bakery
should produce 225 muffins and 675 bagels.

ANSWER:
225 muffins and 675 bagels
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73. Decompose

7 into partial fractions.
m-°—16
SOLUTION:

Rewrite the expression as partial fractions with
constant numerators, A and B, and denominators that
are the linear factors of the original denominator.
2m+16 A N B

m =16 m-4 m+4

Multiply each side by the LCD, m? - 16.
2im+16=Alm+d)+ B(m-4)

Group the like terms.
2m+16=A(m+4)+ B(m-4)

2m+lo=Am+44+Bm-48
2m+lo=Adm+ Bm+44-48
2m+lo={Ad+Bm+44-48

Equate the coefficients on the left and right side of
the equation to form two equations with 2 variables.
In other words, the coefficients of the m-terms on
the left side of the equation must equal the
coefficients of the m-terms on the right side.

AR =0
44 —4B =16
Use any method to solve the new system.
A+B=2
B=2-4
dd-db =16
d44-4(2-A)=16
44-8+44=16
-B+84=16
sA=24
A=3
B=2-(3)
B=-1

Replace A and B with 3 and - 1 in the partial fraction
decomposition.
2m+l6 A B
m -6 m-4 m+d
2m+16 3 -1
: = +
m =16 m-=4 m+4d
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8-5 Dot and Cross Products of Vectors in Space

74.

75.

ANSWER:

3 -1
+

m=-4 m+4

Verify each identity.

tan” 6 + cos” @ + sin® 0 = sec” 6
SOLUTION:

tan”@+cos H+sin" &

= tan"@+(cos’ F+sin" @)

=tan’# +1 Pvthagorean Identity
= sec @ Pyvthagorean Identity
ANSWER:
tan® 6 + cos® 0 +sin> = tan’ 0 + (cos2 0 + sin’
6 0
=tan” 0 +1
= sec? 0

sec2 0 cot2 0 — cot2 0=1

SOLUTION:

sec’Beot’@ - cot’ @
=cot’B(sec” 6—1) Factor
= cot ftan’6
=1 Reciprocal Identity

Pythagorean Identity

ANSWER:
sec’ Ocot’ 6 - cot? & =cot’ 0 (sec2 0-1)

= cot2 0 tan2 0
=1
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76. tan 6 — sin 6 = tan® 6 sin” 6
SOLUTION:
tan” @ —sin” &
_sin” @

— —sin” @
cos”

Quotient Identity

=sin“€[ 1, —IJ Factor
cos”

=sin:|9{sc::: - 1) Reciprocal Identity

=sin"@tan” @ Pythagorean Identity
ANSWER:
tan” 6 — sin" & oo
9 =——-sin" &
sin~ @ cos 6
: | \
=sin" # 3 uIJ
\. cos” &
=sin’ O(sec’ 0 -1)

=gin” Man“0
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8-5 Dot and Cross Products of Vectors in Space

77.

Solve each triangle. Round side lengths to the
nearest tenth and angle measures to the
nearest degree.

a=20,c=24,B=4r°

SOLUTION:

Use the Law of Cosines to find the missing side
measure.
b* =a* +¢* - 2accosB
B =207 + 247 = 2(20)(24) cos47°
b* =400+ 576 — (960)cos 47°
b* =321.28
h=]79

Use the Law of Sines to find a missing angle
measure.

sind sinB
a b
sind  sin4d7®
20 179
> - ; 9
& 20547
17.9
[ 205in 47

A=sin [
179
A= 35°
Find the measure of the remaining angle.
C =180° - (47% +559)
= 78"
Therefore, A = 55°,C~78%and b = 17.9.

ANSWER:
A=55° C=78°b~=179
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78.A =25°,B=78°a=137

SOLUTION:

Find the measure of the remaining angle.
C =180°-(25°+78°)
=77
Use the Law of Sines to find missing side measure
b.

sind  sinB
a b
sin 25°  sin 78°
13.7 b
bsin25°=13.7sin 78°
g 13.?sin_?H°
sim 257
bh=317
Use the Law of Sines to find missing side measure
C.

sind  sin(’
a iy
sin 257 s sin 77°
13.7 C
csn25°=137sn77°
- 13.751n77°
gin 25°
c=316

Therefore, C=77°b = 31.7,¢c = 31.6.

ANSWER:
C=77°,b=317,c~=316
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79.a=215b=16.7,¢=10.3

SOLUTION:

Use the Law of Cosines to find missing angle
measure A.
@t =h +¢* - 2becos A
21.5° =16.7° +10.3* = 2(16.7)(10.3) cos A
462.25 =384.98 - (3440 cos A
77.27 =-344.02cos A

T1.27
=cos
-344.02
T1.27
A=cos ' ———
-344.02
A=103

Use the Law of Sines to find missing angle measure
B.

sind sin#

i h
sinl03  sin B
215 167
21.5sm B =16.7sm 103"
16.7sin 103

215
16, 751103
21.5

sin 5 =

B =sin

B =49
Find the measure of the remaining angle.
C =180 (103" +49")
= 28
Therefore, A = 103°, B~ 49°and C = 28°.

ANSWER:
A=103° B=49° C=28°
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8-5 Dot and Cross Products of Vectors in Space

80.

81.

Write each decimal degree measure in DMS
form and each DMS measure in decimal degree
form to the nearest thousandth.

—72.775°

SOLUTION:
First, convert 0.775° into minutes and seconds.

72775°=—T2°+ n,??-"o[i_{:]

=-72°+46.5'
Next, convert 0.5' into seconds.

|"I L]
727750 = 72+ 46'+0.5'| ]

\

=T72% 4+ 46"+ 30"
Therefore, =72.775° can be written as
—F2%46" 30",
ANSWER:
—72° 46" 30"
29°6' 6"
SOLUTION:

1
Each minute is 0 of a degree and each second is

of a

1 ) .
ﬁ of a minute, so each second is

degree.
ll:r

300"

300"

1° A .’
20°6'6"=29"+6'| — |+6"
L 60"

=297+ 0.17 +0.002

= 291027
Therefore, 29° 6’ 6” can be written as about 29.102°.

\
b

ANSWER:
29.102°

Page 30



8-5 Dot and Cross Products of Vectors in Space

82.132°18' 31"
SOLUTION:

1
Each minute is 50 of a degree and each second is

1 ) .
E of a minute, so each second is of a

degree.

|o‘. I lo'\
'

132° 18'31"=132°+ IR'(— +31"
] 3600

LY
~132°+0.3° +0.009
=132.300°

Therefore, 132° 18’ 31" can be written as
about 132.3040°

ANSWER:
132.309°
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83. SAT/ACT The graph represents the set of all

possible solutions to which of the following
statements?

— | ———
-8 -6-4-2 0 2 4 & 8
A x-1>1
B |x-1|<1
C x+1/<1
D x+1|>1

SOLUTION:

The graph represents the solution set x < —2 or x >
0. Solve each inequality to find the inequality that has
this solution set.

For choice A:

_ N x— | isnegative
x =1 is positive

—(x-1)=1
x=1>1 =
x=1l<-1
x»2
x=0
For choice B:

_ N x— | isnegative
x =1 is positive

—(x-1)<l
x=-1<l1 =
x=1>-1
x<2
x=0
For choice C:

_ . x+ 1 isnegative
x + 1 18 positive

—~{x+1) <1
x+1<l
x+1>-1
x=0
X>=2
For choice D:

_ . x+ 1 isnegative
x + 1 18 positive

—~{x+1)=1

x+1=1
r+1<-=1

x=0
X <=2

The correct answer is D.

ANSWER:
D
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8-5 Dot and Cross Products of Vectors in Space

84. What is the cross product of @ =1{3, &, 0} and

85.

v={—4 2 6}
F 48i - 18j + 38K
G 48i - 22j + 38k
H 46i - 22j + 38K
J 46i - 18j + 38k
SOLUTION:
o B
uxv=(3 8§ 0
4 2 6
8 0 300 3 8
|2 ﬁ!i__—-L o't 2

=(48-0)i - (18- 0)j+[6 - (-32)]k
=481 - 18j+ 38k
The correct answer is F.

ANSWER:
F

FREE RESPONSE A batter hits a ball at a 30°
angle with the ground at an initial speed of 90 feet
per second.

a. Find the magnitude of the horizontal and vertical
components of the velocity.

b. Are the values in part @ vectors or scalars?

C. Assume that the ball is not caught and the player
hit it one yard off the ground. How far will it travel in
the air?

d. Assume that home plate is at the origin and
second base lies due north. If the ball is hit at a
bearing of N20°W and lands at point D, find the

component form of €D .

e. Determine the unit vector of ([,

f. The fielder is standing at (0, 150) when the ball is
hit. At what quadrant bearing should the fielder run
in order to meet the ball where it will hit the ground?
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SOLUTION:

a. The force exerted on the baseball can be resolved
into horizontal and vertical components as shown.

o0 ft/s

e

sl
-

X

Use the sine or cosine ratios to find the magnitude of
each component.

N

30" = in30° = 1
COos 90 sin 30 o0
x| =90¢cos 30 |y| = 90sin30
ool ) (1)
=00 — =% —
=90 3 1=90( 5]
x| =453 =43

The magnitude of the horizontal component is about

453 feet per second and the magnitude of the
vertical component 45 feet per second.

b. Since the vertical and horizontal components lack
a defined direction, they are both scalars.

C. To determine the distance the ball travels, you
need the horizontal distance that the ball has traveled
when the ball hits the ground or when the height of
the ball is 0. First, write a parametric equation for the

vertical position of the ball. Lety =0, v, =90,9 =
32, and hy = 3 and solve for t.

: 1 -
v=iv, sind——ot +h
i ) 2!1 )
0=n90)sin 30 = %{32}!3 +3

0=16f"—45t-3
Use the Pythagorean Theorem to solve for t.
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8-5 Dot and Cross Products of Vectors in Space

=l ++/b° —dac

- 2a

| (-45) £ [(-45)° — 4(16)(-3)
e

i

32
=2 90r-0.07
Since time cannot be negative, t = 2.9. Determine
the horizontal position of the ball at 2.9 seconds.
x=1i,cosd
= {2990y cos 30

=226.0
The ball will travel about 226.0 feet in the air.

d. Diagram the situation.
0 AN

22601t

{200

A
B
Y

C

¥
The direction angle that €2 makes with the positive
X-axis is 90° + 20° or 110°. Use the direction angle

and the magnitude of CD to write €I in
component form.

CD= {[f‘fﬂms 9. |('.fli'|sin 9}

=(226c0s110°,2265in110°)

!

=({-773,212.4)
€.
—
u=—=CD
CD
- —(-773,212.4)
226.0
| 713 212.4)

- {1 226.0°226.0/

= (-0.342,0.940)

f. Diagram the situation.
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(—77.3,2124) D

62.4ﬁ\i
tl__I_ —=¢ Fielder

(@, 150)
7731t

A

€| 'E
Y
Use the tangent ratio to solve for 6.
624
713
624

tan & =

& = tan

=389
Thus, the fielder will have to take an angle of about
N51.1°W in order to meet the ball where it will hit
the ground.

ANSWER:

a. horizontal; 45 \ﬁ ft/s; vertical: 45 ft/s
b. scalars

C. about 226.0 ft
d.{ —77.3212.4)

o { —0.342, 0.940)
f. about N51.1°W
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