8-3 Dot Products and Vector Projections

Find the dot product of u and v. Then
determine if u and v are orthogonal.
. 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.

u={—10, —16) y=¢ —8.5)

SOLUTION:
uev={-10,-16)+(-8,5)

==10(-8) +{—=16){5)

=0
Since u+v =0 uand V are orthogonal.

.u={9= _3} V={1=3}

SOLUTION:
usv ={‘Jﬂ—3}-{|,3::l
=9(1) +(-3)(3)
=0
Since u+v =10 uand V are orthogonal.
cu=t4, —4) v=i7.5)

SOLUTION:

u*v= {4,—4}*{?,5}
=4(7)+ (—=4)(5)
=8

Since us+v # 0 uand V are not orthogonal.

U= {lr _4},V= {2, 8}
SOLUTION:
uev=(1-4)+(28)

= I(2) +(—4)(8)

= =3

Since u=v # 0 uand Vv are not orthogonal.
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6.u=11i+7;v=—7i+1]j

SOLUTION:
Write U and Vv in component form as
u={(11,7)and v={(-7,11).
usv= -',Il L, ?}-{:—?J 1}
=11{-7y+T{11)
=0
Since u+v =0 uand V are orthogonal.

.u:{_4=6:’,v={_5= _2}

SOLUTION:

usv= {—45} {—5.—2}
= —4(=5) + 6(-2)
=8

Since usv # 0 uand V are not orthogonal.

.u=8i+6j;v=—i+2j

SOLUTION:
Write U and V in.component form as
0+ {3.6} and v = {—LE:}.
Uu=v= {R.ﬁ}-{—l,z}
=8(-1)+6(2)
=4

Since usv # 0 uand V are not orthogonal.
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8-3 Dot Products and Vector Projections

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= {4[]6.29?}-{2?.5, Iﬁ)

= 406(27.5) + 297(13)
=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.

Use the dot product to find the magnitude of
the given vector.
m=4{—311)

SOLUTION:
Since |m|: =me+m, then |m| = /mem.
m|=,/m.m
[(=3.11)] = J(=3.11){-3,11)
= J(=3)F +11°

=+/130 orabout 11.4
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11.

12.

13.

14.

r= { - 9: _4}
SOLUTION:

Since |r|: =rer, then |r|=/rer.
|r| = '\I'I':

[(-9.4)| = \/(-9.4)+(-9.4)

=.J{-9) +4°

=+/97 orabout 9.8
n= {6, 12}
SOLUTION:

Since |n|: =ne+n, then |n| = Jn=n.

n|=Jnen
(6,12) = |J(6.12)(6,12)
=6 +12°
=180
= 63/5 orabout 13.4

v={l, —1s)
SOLUTION:

Since |v|" = vev, then |v|= Jvev.

|"'r|:\."'E
[(L-18)] = /(L -18)+(L.-18)

= JIF +(-18)?

=+/325

= 54/13 orabout 18.0
p={ =7 =2
SOLUTION:

Since |p|: = p+p. then |p| = Jﬁ_

Ip|=p-p

[(-7.-2)| = J(-7.-2)+{-7.-2)

=J-7 +(-2)

ey &
=4/33 orabout 7.3

Page 2



8-3 Dot Products and Vector Projections

15.

16.

t=1{23, —16)

SOLUTION:

Since [t|" = t-t, then |t] = \Jt-t.
)= et

[(23,-16)| = ,f(23,-16)+(23,-16)

=,/23% + (-16)°

= /785 orabout 28.0

Find the angle & between u and v to the
nearest tenth of a degree.

u:{U, —5},V:{1, _4}
SOLUTION:
cosf =2V
[l vl
{8, =3kl —4)
58 =
ST =0, oL, —4)
o IOHCD=)
Vo2 + (=52 1P+ (—4)
0420
cosd =
VO+25f1+16
cosﬂzi
2517
cosﬁ'=£
517
|::-::-:3|9=i
7
lfi'=|::-::|:a_1i
7
f=14.0°
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17.u=1{7,10) v={4, —4)

SOLUTION:
cosf =L ¥
[allv|
_ {7.10% - {4, —4}
cos0 =T ToyRa. =4
— T4 4+10( —4)

V72 410747 4 (—4)?

284 ( —40)
cosfd =
/49 +100y/16 + 16
cosfd = —12
149y 32
cosfd = —l12
|,|'149-4 2
cosfd = —12
A 208
cosfd = =3
y 298
gdcos T 3
Y298
g=1000"
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8-3 Dot Products and Vector Projections

18.u=1{—24) v={2 —10)

SOLUTION:
cosff =¥
[allv]

_(=2,4) (2, —10)
c0s8 =3 Az, =10y,
Cosf— (—22)2+4(—m)

(—2)" +4%y2" +(-10)’
.
V4 +16y/4 +100
cosfl = G
V204104
cosf = —4
44130
cosd = —11
130
6 cos =Ll
130
6=1647°

eSolutions Manual - Powered by Cognero

19.u==-2i+3j,v=—4i—2

SOLUTION:

Write U and v in component form as
u={-2,3)and v=(-4,-2)

cosf =21V
[allv|
b=t 3ed=4 =2
58 =
e T ] ey
S—— (—22)(—4)+Jg—2)
‘/(—2) +34(-4) +(-2?
B4+ (—0)
cosf=————-—
V4 +9y16 +4
u:c:v;lfi':L
3y
2
cosfl=——
13-2/5
2
cosl = ———
265
u:osfi':L
/65
b Jor A
/65
g=2829°
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8-3 Dot Products and Vector Projections

20u={—%0)v={—-1 =1

21.

SOLUTION:
cosf =2V
[allv]
cosd = el & Gl

{500 -1, 1)l
e G W T

cosf =

=T (2

840

Vel+0y1+1

9
812

9

"

|::-::u.=;6'=L

7
# = cos_lﬁ

g=450°

cos =

cosd =

cosd =

u=—i-3,v=-71-3

SOLUTION:

Write U and Vv in component form as
u= ’.:— |,—3::| and v 2;':—'.7.—3}.
m-v
[l vl
{13 -1 =3)
(=L —3){=7. =3
g D=1 =3 =)

cosd =

cost =

cosh =

e
__ 43
J1+9/49+9
749
Vioy/s8
16

2145

8

cos = —

cosd =

cost =

cosfd =
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22.u=16,0) v=1{—10,8)

SOLUTION:
cosf =L ¥
[allvl
_{6.0)-{—10,8)
c0s0 =5 00K =10, 8))
cosf 5(—10)+0(§)
V62 +0° (—m) 4 g
— —60 40
/36 +0y/100 + 64
cosﬁ:_—m
/36)/164
cosf = —60
12y/41
I::-::-:;E:'l'z;5
V41
Hzcoq_l;j
41
§=1413°
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8-3 Dot Products and Vector Projections

23.

24.

u=-10i +j,v =10i -5

SOLUTION:
Write U and v in component form as
u=(-10,1) and v =(10,-5).

u-v
cosd =
[allv]

(=10, 1) -410, =5)

©0s8 = 0. 1y110, —3)1
o (—;@10+1(—5)
(—m)+ﬁm§+{—33
o IO 5)
Y100 +1y/100 +25
B0 f Ay
cosd =
y101y125
cosd = —105
5y/505
c:-::uslfi'z_—zdl
Y505
Ei'=c:os_1_—21
Y505
g=159.1°

CAMPING Regina and Luis set off from their
campsite to search for firewood. The path that

Regina takes can be represented by u = {3, — 3},
The path that Luis takes can be represented by v =

{ =7, 6}, Find the angle between the pair of vectors.

SOLUTION:

Use the formula for finding the angle between two
vectors.

cosf = ——
Jul[v
(3.=5%{=7.6)
cosf = L. 1 - ]{J
(3.~ ;{ 7.6)|
Nl
—51
cosf
T 17410
@ =cos”’ orabout161.6
|?\f_
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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.
il A

mey |
= v
()
faﬁ,--—ﬁ zf
[(-5.2)[

proj,u =

To write U asthe 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]=w23
. 15 _
$3.8) —{ 53 29)"“’2
[8? 174 ) (___ _____)__W
pg =2
[33 180
29 290
15 6\ /72 1380\
Thus,u—( .—}l}viq Sl
\29° 29/  \29° 29
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8-3 Dot Products and Vector Projections

26 u= {537},V = { _414}
SOLUTION:

Find the projection of U onto v.

i
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 vectorsis the
projection of u onto Vv, let w, = proj, U and solve for
W,

u=wj; +twa
Uu—w];=w3
55N —{—-1L1y=wa2
{6,6) =w2

Thus, u= { 1, I:',' - {ﬁ.ﬁ}.
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27. u={8=2},vz{ _4= ]'}

SOLUTION:
Find the projection of U onto V.

v

N I
o Y

(4.1

¥

_ /120 30
ik |?)

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 uonto v, let w, = proj, U and solve for

W,
u=wj]+wa

U—W]=W2

120 30|

1::6 ﬁ)_ 120 )
17 2

81
17417 2
120 {] 16 64
Thus, we( o :{ Pl

W 1?; \17°17/°
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8-3 Dot Products and Vector Projections

28.u=6i+j,v=-3i+9

SOLUTION:

Write U and Vv in component form as
u=(6,1)and v=(-3,9).
Find the projection of U onto v.

i [IJ'\"
proju=|— |v
Uyl ]

_(6.1)+(-3.9)
E

_—I3+9.
_( 9{}]:

-9,
1.9)

90 TG

{-3,9)

L

=3

|
:——." ?‘:J
10" /

.'r'* 9\

“\10" 10/

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.
nu=wj]+wa
U—W]=W23
(6.1 -(=, —=|=w;
10° 10
[@ gay B [ SRS pow
10° 10 10° 10 2
25
10° 10 2
s, (S-S (2 )
\10° m; 10710
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29.u:{2=4:’,v={ _318}

SOLUTION:
Find the projection of U onto V.

proj,u =

[ 78 208\
\"n'/

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 2081\ _
te4) ( 7373 | T2
146 292 _( 78 208 _
73 " 73 73" 73 2
224 84\ _
FERRGTY
78 208 224 84
This, tiee eas 208N 281, S

I-
73°71 "'.T'_’r '.I'_m,-"
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8-3 Dot Products and Vector Projections

30.u={ _519},V={6=4}

SOLUTION:
Find the projection of U onto V.

| [u-v]
proju =| — |v
(M
=5.9)+(6.4
_{ I|:| {.} }I::ﬁ-:l_'.

- T
||:'\.ﬁ‘4.l'l.
. =30+ J\ﬁ 6

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 vectorsis the
projection of u onto Vv, let w, = proj, U and solve for

W2.
u=wj+wa
L—W]=W23
9 Gl .
e B e T 13| =2
(<65 Iy % 6 )
15" l_':u 13 2
[_E 111
137 13
! \ ".
Thus, u*fg 2 ( “I .

\13°13/ T\
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31. u=5i -8,V =6i — 4

SOLUTION:

Write U and Vv in component form as
u={(5-8)and v=(6,-4).

Find the projection of U onto v.

o[

¥

M)
&

_(5.-8)(6.-4)
[(6.-4)f

30432
=222 (6, -4)

[
62
ﬂ

zliﬁ 4;

(6.-4)

—(6,-4)

13;’

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)+ws
u—wj=ws3
93 62|
8 mBl=lgmag] w2
[E ~ 04 g3 b2 =w
137 13 137 13 2
[ 28 g2l ..
137 13 2
93 62\ [ 28 42
Thus, uf(-f_—--- e 2L RN
V137 13 Vo130 13
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8-3 Dot Products and Vector Projections

32.u=-2i-5,v=0i+7]

SOLUTION:
Write U and v in component form as
u={-2,-5Yand v={9,7).

Find the projection of U onto 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 =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
nw—W]=W3
477 371\ _
(=B =gy =qgg "2
260 _650)_(_4?? o 1 -
130" 130 130" 130 -
[21? _2?9)_w
TEEIEE T St
[ 477 371\ [217 279
Thus, = {=m——, ==} + {—,-==).
V1300 1300 V1300 130
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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|cos 8. |v|sin 1.':?:}'
= (l{cos15-). Ksin15"))
= (0.966,0.259)

Find w, , the projection of F onto the unit vector v,
proj, F.
w1 =projyF

_ (F-v)v
2
[v]
=(F-v)v

= ({0, —78) - {0.966,0.259))v
= —20%

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.
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8-3 Dot Products and Vector Projections

34. SLIDE Tsabel 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| siub?}.-
= (I(cos33'). I(sin 33'))

= {[].6{]2, [}_TU‘)}

Find w;, the projection of F onto the unit vector v,

proj, F.
w]=projyF
=
= 5 v
v |
=(F-v)v
= ({0, —62% -{0.602,0.799))v

= —49 5v

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.

eSolutions Manual - Powered by Cognero

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|
= |Fl| 48]
= (534)(1.3)
=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°,534sin 25 } 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+AB
=(534c0s25",534sin 25" )+(1 505 25" 1 55in 25"

=(534c0s25")(1.5c0825" ) +(534sin 257 )(1.551n 257)
=801

The work that Alexa is doing is 801 joules.
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8-3 Dot Products and Vector Projections

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¢c0s327)(200)

=[53915

Therefore, Sophia does about 15,391.5 joules of
work pushing the shopping cart.
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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-3y

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-Letx = -12.
X
3"y
4
(-12) _
PR
I=y
A vector orthogonal to {-2,-8) is {~12,3).
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8-3 Dot Products and Vector Projections

-

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

I

X
—— =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
——=y

>
A
ﬁ, _.
6=y

A vector orthogonal to (3,5) is {10,-6).
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39.{7, —4)

SOLUTION:

Sample answer: Two vectors are orthogonal if and
only if their dot product is equal to 0. 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.
Ty
1
13)
4
4=y

r1 !

— ,T

A vector orthogonal to {7.-4) is (8,14).
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8-3 Dot Products and Vector Projections

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).

RIDES For a circular amusement park ride, the
position vector r is perpendicular to the tangent
velocity vector Vv at any point on the circle, as shown
below.

‘Trgas®

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 I is at a directed
angle of 35°.

b. What method can be used to prove that the
position vector and the velocity vector that you
developed in part a are perpendicular? Show that the

eSolutions Manual - Powered by Cognero

two vectors are perpendicular.

SOLUTION:
a. Diagram the situation.

Drawing is not to scale.

The component form of r can be found using its
magnitude and directed angle.

r= {|r|cus &.|r|sind)

=(20c0s35",20sin 35" )

L

= (16.38.11.47)

The component form of v can be found using its
magnitude and the 55° angle. Since the direction of
the vector is pointing down, the vertical component
will be negative.

v ={|v|cos@. |v|sin&)

= (J:Jmsii —40sin _-'s_w':-,
i 1Y
=(22.94,-32.77)

So, r=(16.38.1 ].4?} and v={22_*J-'L—32.??:|.

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.

rw:{zﬂcosa_i 20sin33 }-{mcosss —40sin 55 :,

=(20cos 353 W40cos55" ) +(20sin 35 ) —40s1n357)
={)
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8-3 Dot Products and Vector Projections

Given vand u - v, find u. 43.v=1{4,6) u-v=38
42.v={3, —6) u-v=33
SOLUTION:
SOLUTION:

Sample answer: Let u = {x, v}. Substitute u, v, and

. e A i . .
Sample answer: Let u = {x, v . Substitute u, v, and uev into the equation for a dot product.

u-v into the equation for a dot product. gev={(x .,-}. {4.6)
e X, )e(4,6)
usv=({x,y)+(3,-6) 38 = x(4) + 1(6)
33 =x(3) + y(-6) 38=4x+6y
33=3x-6y
Solve fory.
Solve fory.
B=dx+by
33= 3.‘!.‘—6}' 33_41.:&‘.
33-3x=-0y 19-2x
11-x e
X 2o 3
My -
Substitute a value for x and solve fory. A value of x
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
that results in a value for 11 — x that is divisible by will produce an integer value fory. Let x = —1.
—2 will produce an integer value fory. Let x = 5.
”_I:r 18 =2x .
2oy i 3
II—:r:_.I 19—2;(—1) s
ey 3
_3 — !_I 21
o " F =.}?
Therefore, u = (5.-3). 3
1=y

Therefore, u = {-17).
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8-3 Dot Products and Vector Projections

44.v={—5 -1l u-v=_8
SOLUTION:

Sample answer: Let u = {x, v}. Substitute u, v, and
u+v into the equation for a dot product.
uev={x,y)e(-5,-1)
=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=S5x=y

E-5(D=y
3=y

Therefore, u={(13).

eSolutions Manual - Powered by Cognero

45.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)+ y(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.

—A3 +2x
N~
—434-2(4)

—7 =
—35 _
7 =)
—S5=y

Therefore, u = (4,-5).

Page 16



8-3 Dot Products and Vector Projections

46. SCHOOL A student rolls her backpack from her

Chemistry classroom to her English classroom using
a force of 175 newtons.

175N

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:

a. Use the projection formula for work. The
magnitude of the projection of F onto 4B is
|F|cos@ = 175¢cos 6. The magnitude of the directed

distance 4B is 31 and the work exerted is 3060
joules. Solve for 6.

W =|proj ,F|| 48]
3060 = (175c0s@)(31)
0.564 =cos @
cos ' 0564~ @

557 =8
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 4B is
|F|cos@ = 175cos60". The work exerted is 1315

joules. Solve for AB.
W =|proj ;F||4B|
1315 =(175cos 60 }|AB|

313 :
_1815___
{(175cos60")

]5_'[lt:.r”'}|

Therefore, the student pulled her backpack about 15
meters.

eSolutions Manual - Powered by Cognero

47.

Determine whether each pair of vectors are
parallel, perpendicular, or neither. Explain your

reasoning.
{2 3".
U:III—’;_"),V:{E;?S}
'"l 3 4/
SOLUTION:
Find the angle between uand v.
cosf =
Juflv]
f =
(22 Vg
V340 /
cosd = ;-. —
{23} (9.8)
V34
cnsﬁz—tj-i_ﬁ
3
14: Nas
144 ?
cosf = E4'“
e
— /145
44

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.

Page 17



8-3 Dot Products and Vector Projections

48.

49.u

u:{ _]':' _4},V={3=6}

SOLUTION:
Find the angle between u and v.

cosf = ——
ullv

cosg L4 (3.:6)
(La)Ge)
—3+(-24)

&=

COs Jﬁm
_17

costl = —
ENES

-27
6 =cos”' Loraboutlﬁ?.i

385

The pair of vectors are neither parallel nor
perpendicular. Using the formula for the angle
between two vectors, § ~ 167.5°.

={3, ) v={—15 —21)
SOLUTION:
Find the angle between U and V.
cosf = .u-v
Jul|v|
i (5,7)(-15,-21)
(5. 7|(-15.-21)
ssgpe A
J74./666
e
cosf = o
222
cosfl = -

@ =cos '(-1)orl80

The vectors are parallel. The angle between the two

vectors is 180°. They are headed in opposite
directions.

eSolutions Manual - Powered by Cognero

50.u={sect csct) y={csct, —sech)

SOLUTION:
Find the angle between u and v.
cosf = ——
Jul|v
ksu:f? cscé‘} {cscﬁ? —SL{:H}
COs
s smé?cscﬂ + |-::s:: B(-sec E?}II
|(sec8.csc)||(escd, —secd)|
S secfescl —secfescd
|{suc&csc{9}”{csc§. —suci?}|
cosf = .

|(sec@.csc8)||(csch.—secd)

Since u - v =0, the two vectors are orthogonal

(perpendicular). The equation can be further worked

out to verify this conclusion.
0

cosf =

[{sech, cscl)||(csch, —sech)|
cos? =0
g=90°

Perpendicular; sample answer: Since u - v =0, the

vectors are perpendicular.
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8-3 Dot Products and Vector Projections

51.

Find the angle between the two vectors in
radians.

Y. . (=Y. inY. . (3=x).
u=0cos| - I|+sm[ﬁ |j,‘\-’=CDS- - J|+sm[ — |j
3] 3 4 L4 )

SOLUTION:
Simplify each vector.

(1:". = fx ) [‘?m: 2 [‘31:"
u=cos| — li+sin|=|j v=cos i+sin
5 s )

NS
T T
:—|+—J :——|-1——]
2 2 2 2
Find the angle between u and v.
cosf =22
[z [ 1]
N E vz y2
77\ T
cosf =
LBl ¥z ¥z
a7 2 27 2
2 &
cosd = _§+T
1 3 J2 2
Vataysty
2 a
cosf = _T+T
' 1.1
2 s
cosﬁ'=—T+T
gy 2 )
=cos —T-l—T
g="175

Thus, the angle between the two vectors is ?158.51: =

on
te
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52. u= ms[

=Y. . [7=). B e O
J1+sm ];,v:ms |+5m[ ]
6 [ 6, 4 L4

Y

SOLUTION:

Simplify each vector.

u= cﬂs[ Fr—n} +$in[ H—?ﬂl\]
. &

W6 )
J3. 1,

=_TI__‘I

’i‘."l:] { T
v = (o8 i+sgin| —
\ 4 k"J

V2. V2.

__I__J

2 2

Find the angle between uand v.

Thus, the angle between the two vectors is 1158.[? =

il
12
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8-3 Dot Products and Vector Projections

wY. (%Y. 2xY. . [2m).
53. u=cos| — [i+sin| — |j, v=cos| — |i+sin| — |j
6 3] 3 3

SOLUTION:
Simplify each vector.

['n:". : [n] [EEJ_ 2
u=cos| — |i+sin| = [j v=cos| — |i+sin| —
f}J B 3 L:‘: J

N B eond B

= e—] e — :——|+—
2 EJ 2 2'1

Find the angle between u and v.

4::n:+5£:'-'—E
"l
31\ [ 1 3)
coglim A2 '2) \ 272y
) <ﬁ 1) [ 13\
2’2 {\, 2hay
_1.'"§+u'§
o= 4 4
TN 1>f_| 3\
_.ﬂz*zl \ 2°RV
{0
&=
I s
272\ 27 2

Since u - v =0, the two vectors are orthogonal
(perpendicular). The equation can be further worked
out to verify this conclusion.

0
cosd =
VERSR| || B E]
b 27 2
cosd =10
g=90"

Thus, the angle between the two vectors is
s

>

o0 -m
130

eSolutions Manual - Powered by Cognero

A g 5
54, u:ms(FJHsm[an \ cos( -—EJ +5m( ﬂ:]j
4 4 | 6 \ 6

SOLUTION:
Simplify each vector.

ol fn(E vee{u()

4]

" o
=_|+_,| = — _j
2 2 2 2
Find the angle between u and v.
cosd =2 ¥
ez | v
¥z ¥zl [ 31
gi g ¥y
cosf =
ERUER| RS
7 T
[ 2
L
e
3 tayata
& 2
cosf = _TJ_—FTI’F
' 1-1
V6 42
casﬁ=—T+T
/e

=105

Thus, the angle between the two vectors is
105 _n

180 12°
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8-3 Dot Products and Vector Projections

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 A8, F does not need to be projected on
AB . So, F =proj .F . The magnitude of the directed

distance AR is 0.9.

W = |proj ;F|| AB|
=|F||4B]
= (156.8)(0.9)
=141.12

The work that Tommy did to lift his nephew was
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),(81)

SOLUTION:
Graph the triangle. Label u, v, and w.

a_ | . B | _.i—i—; _..,__.. ..;!

The vectors can go in either direction, so find the

eSolutions Manual - Powered by Cognero

vectors in component form for each initial point.

u :-{2,4} or u =-{—2,—4:}
V= ::'-L—ﬁ:l or v= -::—4,5}

w={-6,2) or w={6,-2)

Find the angle between u and v. The vertex (4, 7)
must be the initial point of both vectors. Thus, use

u= {_21—4} and v= ::aL—ﬁ:I .

cosf =Y

[allv|

bt e —0)

s =

S = (=2 =44, —6)l
cosh = ot 24

20/52

16

cosl =————

2)/5-2)/13
|::r::-:;l5'=i

73

g -4 I::c::-:;_li
T

g=8073

Find the angle between v and w. The vertex (8, 1)
must be the initial point of both vectors. Thus, use

v={(-4,6) and w=(-6,2}.

cos =~ W
[l |
{ =18} {—0.2)
s =
BOST =4, 6)II( =6, 2|
cosd = 24 +12
5240
c:-::-sﬂ:L
213 -2/10
cosfd = 2
y130
Ei'=|::os_1 2
y 130
g=379°

180 — (60.3 +37.9) = 81.8
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8-3 Dot Products and Vector Projections

The three angles are about 37.9°, 60.3°, and 81.8°.

57.(-3,-2), (-3,-7), (3,-7)

SOLUTION:
Graph the triangle. Label u, v, and w.
[ | i |
oo
T
~ | |
L] N
M T ) L [
| ]_T 3- |

The vectors can go either directions, so find the
vectors in component form for each initial point.

11={5, —5} or 11={ —5, 5:!
v={—060)orv=(060)
w ={0,5) orw ={0, —3}

Find the angle between u and v, The vertex (3, —7)

must be the initial point of both vectors. Thus, use
u= {—ﬁ,i} and v= {—ﬁ,U} .

- P
[2¢11v]
f =605} {6 1)
50 =
B oS ==6. 5)II{ =6, 0)1
e (—26}(—6} +5(0§
o+ -+
o 36 40
J61-6
|::-::-s|5'=i
/61
|5'=c-::u:3_1i
/61
=398°

Find the angle between v and w. The vertex (-3, —7)

must be the initial point of both vectors. Thus, use
v={(6,0) and w=(0,5).
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58.

cosf =W
[v| v |
{6,0) - {0, 5)
f=—""
COST =106, 0YIO, )1
G040+5
cosl = ——=
cosEJ:%
cosd =10

Since v - w =0, the two vectors are perpendicular.
The equation can be further worked out to verify this
conclusion.

cosﬁ'=%
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,-5).

180 — (90 +50.2) = 39.8
The three angles are about 39.8°, 50.2°, and 90°.

(—4,-3), (-8,-2), (2, 1)

SOLUTION:
Graph the triangle. Label u, v, and w.

1 1 Y

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={(6,4) or v={-6-4)

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
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8-3 Dot Products and Vector Projections

u=(-10,-3) and v={-6,-4).

n:v
cosf =
[ fv]

(=10, —3) - {—6. —4)

©0s8 =170, 3y =6, —4)|
SN o ) o o e
1}102+32‘/(—5) Fl=dy
piampan (BRCRAD
J109y/52
cosf = 36
V1417
|5'=|::os_1 36
V1417
6=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).

o= YW
vl iw |
{6,4) -{—4. |y
-
B8 =106, 4y =4 1)
roeg o S(=D) +4(D)
J62 +atyfa? 412
i =2 Al
V5217
c:-::-sﬁ:_—m
V221
Ifi'=|::-::-~a_1i
V221
g=1323"

180—-(17.0+132.3)= 30.7
Thus, the three angles are about 17.0°, 30.7°, and
132.3°.

59.(1,5), (4, -3), (-4, 0)

SOLUTION:
Graph the triangle. Label u, v, and w.
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The vectors can go in either direction, so find the
vectors in component form for each initial point.
u=(55) or u={-5-5)

V= {3_ —8} or v= {—3,3}

w={8-3) or w=(-8,3)

Find the angle between u and V. The vertex (-4, 0)
must be the initial point of both vectors. Thus, use

u=(-5-5) and v=(3,-8).

cosf =LY
[afw|
{—35 —5)-{3 —8)
s =
O = (=5, —5)I(3, —8)
- Lo 29
(=3 (—9HF+ (-8
g =la b 40
/5073
|:os|5':L
y 146
Ei':cos_l 5
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).
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8-3 Dot Products and Vector Projections

c:osﬂ:ﬁ 1DJ1_=4I—2_}?
CO‘;H= {_3,8} .{_Br 3} 1[:' ].[:I _4.—';: _2__}?

- ~ —aXx
(=)= +80) R 2 L S

J(_3)2+82¢(—8)2+32 —5‘(;_;+2.1‘=y

cosf = 23 t24
)48 Since |v| =10, x? +y?=100. Substitutey = ~5+/10
LR g + 2x into this equation and solve for x.
f=co _lﬁ i
73 X+ y =100
f=489 2 + (=510 + 2x)* =100
180 — (65.6 + 48.9) = 65.6 ¥ +250 - 20410x + 4x* =100
The three angles are about 48.9°, 65.6°, and 65.6°. 5xt - 2{]@x+ 150=0
Given u, |v|, and 6, the angle between u and v, Use the Pythagorean Theorem.
find possible values of v. Round to the nearest sl (<20J10) £ Ji20410)" — 4GXI50)
hundredith. e e D
2a 2(5)
60. u:{4! _2},|V|=10, 450 =2“mim
SOLUTION: S 1
_ 20410 £10410
Let v={x.v). Substitute the given values into the o
equation for the angle between to vectors.. jiig’ if“l':”
costl = i
Jullv] Findy when x = 9.49.
cosds < b2 (x) 510 +2x=y
o TRETE
(4,-2)[-10 ~510 +2(9.49) = y
N2 4x-2y 317=y
2 J20-10
S5 v Findy when x = 3.16.
g 20-5 =510 +2x=y
/3 510 +2(3.16)= y

Q49 = y

10J10 = 4x -2y
LB 19.49,3.17) or {3.16, —9.49)

Solve 10+/10 = 4x — 2y fory. i
61.u=1{3,4) =29, 121°

SOLUTION:

Let v ={x.y). Substitute the given values into the
equation for the angle between to vectors..
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8-3 Dot Products and Vector Projections

u=v
[ul|
(3.4)-{x.)
(3.4 29
Ix+4y
cosl2l = :—_ﬁ
5429 -cos121" =3x +4y
~13.87 =3x +4y
~13.87-3x =4y
—13.87 -3x
N
Since |v|=+/29, x* +y” = 29. Substitute

-13.87 -3
y= ft into this equation and solve for X.

cosf =

cosl2l =

r+y =29

o

I:+[—I3.8?—3x]‘:29
4

» 192.38+83.22x % 9xf|
16 .
16x° +192.38+83.22x + 95" = 464

25x° +83.22x-271.62=0
Use the Pythagorean Theorem.

29

—btb? —dac  —(8322)% J(ss.zzﬁ —4(25)(-271.62)
2a N 2(23)

_ 8322+ ,34,08757
B 50
=2.030r-35.36

Findy when x = 2.03.
=13.87-3x
4
~-13.87-3(2.03)
4 kL

= ']-‘

=499 = y

Findy when x = —5.36.
-13.87-3x _

. -
-13.87-3(-5.36)
4 J

J_.l

035=y

{ —5.36,0.55) or {2.03. —4.99)
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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 = bacaif
uf|v]

(-1,-6)+{x,»)
|(-1.-6)|-7
-x=-fy

377

737 -cos96 = —x—6Gy
—445=—x—6y
445+ x=-6y
—445+x
_—ﬁ —
since |v|= 7, x* +y? = 49, Substitute

-445+x ) )
V¥=——""—"into this equation and solve for X.

cosls" =

coss =

1.1

x* +J-': =49
. (-445+x Y
¥ +(i} — 49
-6
, 19.8-89x+x°
r+—
36
36" +19.8-8.9x +x° =1764

37x* -89x-17442=0
Use the Pythagorean Theorem.

=49

b\ —dac  ~(-8.9)£,[(-8.9) —4(37)(~1744.2)
2a N 2(37)
_8.9+./258.22081
=
= 6.990r—6.75

Findy when x = 6.99.
-4 45+ x
=
445 +6.99
-6
042y

= F‘],‘

'P

Findy when x = —6.75.
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-445+x J

—5 E

4 45 +(-6.73) .
& L
1.37=y

—{6.75,1.87) or {6.99, —0.42}

63.u=1{ —2,3) |v|=12,27°

SOLUTION:

Let v ={x,y). Substitute the given values into the
equation for the angle between to vectors..

cosf = ——
ju|v]
upr (2 (E)
(-2,5)-12
=Ix+5y
cos2] =——
2912

12429 -c0s 27" =—2x+3y

57.58 = —2x 45

57584 2x =35y
57.58+2x _ ”
3 -
Since |v| =12, x* +y*® = 144. Substitute
5758+ 2x
¥=——"———"into this equation and solve for X.
X +y =144
+(:ﬁ?.5ﬂ+2r] ~14d
» 331546+ 230.32x +4x°
& +3.a|‘!46* 3032x + 4y 144

25
25x7 +3315.46 + 230.32x + 4x° =3600
29x% +23032x-284.54=0

Use the Pythagorean Theorem.

~b b7 —dac  —(230,32) +,[(230.32)" - 4(29)(-284.54)
2a N 229)
~23032+,/86,053.94
= 58
~1.090r-9.03

Findy when x = 1.09.
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537584 2x .
—5 ¥
ST58+2(1.09) ”

5 _.-

1195=y

Findy when x = —9.03.

3T 584+ 2x
— x5 7
5758+ 2(-9.03) .
5 {
TJO0 =y

{ —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.

y= {|v|m.~;49. v|sin Er';'l

= (1(cos9').I(sin9'))

:{:CQS‘J .s5in9 .-?
Find the projection of F onto the unit vector v,
proj, F.

-
-

v

proj, F = |

Al
h,

A

=(Fev)v
=((0.y)+{cos9",sin9')) v

=(ysin9 )v

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
}I = e
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.

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 abtuse.

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 f is 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 u+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.
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67.

68.

69.

REASONING Determine whether the statement
below is true orfalse.

If aand 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.

CHALLENGE If u and Vv are perpendicular, what
is the projection of U onto v?

SOLUTION:
The equation for the projection of u onto v is

w

4 U=y .
proju = [— v. If uand v are perpendicular,

v
LW |

then they are orthogonal. So, u+v = 0., Substitute
u-v =0 into the equation for the projection of U

onto V.

-

i u+*v
proju = e ¥
\ !"'|

™
. ((J
proj,u =| —
¥

v

proju=10
So, the projection of U onto v is 0.

PROOF Show that if the angle between vectors u

and Vv is 90°, u » v = 0 using the formula for the
angle between two nonzero vectors.

SOLUTION:

u'v
cos90°=
fal = vl

Angle between nandvwhere = 90°

0=—"2Y_ ;0590°=0.
vl

O=u-v

Multiply each side by |« [v|.
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70.

71.

72.

73.

PROOF Prove each dot product property. Let
u={upu2} v={vL vz andw={W, W2}
nm"v=vr-ru
SOLUTION:
nm"v=wvru
7
(g, gy (v, vay = (v, vay - {ug, ug)
MV Fugve =uv - uavg

u*(v+w)=uv+u-w

SOLUTION:

us (v+w)=u-vitu-w
P
(ug, uzh e (v va) +(wiwad) ={u,ugh (vi,ve) + (g uzhe (w, wa)
g ug) (v Hwpova +wa) 2 (uyvy +ugva) + (ugwy +ugwz)

7
up(vy +wy) +uz(vy +wa) =upvy +upwy +uzvy +ugwg
upvy Fugwy Fugvp Fugwy = vy Fugwy Fugvy Fugwy

klun-v)=ku-v=uk-v

SOLUTION:
klusv) =ku-v =u-kv
e(Quug uz) + (o1, vah) Zokfang gy (v, va) Gy, g - v, va)
T B vy S R V) = a2 kv, v
Jereyvy + kg =kugvy +kugvg =kuyvy +kugvy

Writing in Math Explain how to find the dot product
of two nonzero vectors.
SOLUTION:

Sample answer: For two nonzero vectors 44, £} and
{c.d), the dot product (a,b}«(c,d) is the sum of the

products of the x-coordinates and the y-coordinates,
orac + bd.
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8-3 Dot Products and Vector Projections

Find each of the following for @ = {10, 1},

b=(—52.8),andc=(3, —9)
74.b—a+4c
SOLUTION:

b—a+4c=(-528)-(10. l}+{4}{%,—tﬁ
' ! |4 /

= (-5,2.8)- (10,1} + (3,-36)
=(-15,1.8) +(3,-36)

4

=(-12,-342)

75.c—-3a+b
SOLUTION:

¢c-3a+b= {:I.—u;f— (3)(10,1} +(-5,2.8)

f3 A
={2 —9)={30,3}+(-528
(37-9)-(30.3)+(-5.28)
[ 117 \ AN AN
={H_T__|z;+-x—::,2.3;
.' !
fald by
4 /
76.2a—4b +c
SOLUTION:

¥l

Za—4b+e¢ ={2}{]{1.]}—(4]{—5.2.3)+(I.—‘9I}
1 !

. 5 'll_‘
=(20,2) - (-20,11.2) +( 2y
: 4

3 \
=(40,-92) + (i.—u )
{ 1\
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77. 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 fi/s

(ar°

X

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:
sy o
32 = 5in32" = —
€08 205 } 205
205c0s32° = x 2055in32" = y
1738=x 108.6= v
For James:
X : v
cosd] = — sindl” = —
1910 1940
190cos4]l =x 190sindl =y
143 4=x 124 T =

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.
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8-3 Dot Products and Vector Projections

78.

Graph the hyperbola given by each equation.

=3y _,
48 5
SOLUTION:

The equation is in standard form, where h =5, k =0,

= \l'rfﬁ or about 6.93, b = \.@ or about 2.24, and

= /48 +5 or about 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:

—k = +2(x—n)
i L
sl 4"{_1. 3)
y= 42
-
E %m

y = x

ﬁF 515
e

Use a table of values to sketch the hyperbola.

'\—-El':- ‘l_

48 s ded
| ¥

1"_'3
b W
IERNAEEEP .

NEER4R

=16 |-& V]o] & Aiex
HPAP HAN
FdRnEN
il s |
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9. L Y _

81 49

SOLUTION:
The equation is in standard form, where h =0, k =0,

a=9,b=7andc = +81+49 orabout 11.4.

In the standard form of the equation, the y-term is
being subtracted. Therefore, the orientation of the
hyperbola is horizontal.

center: (h, k) = (0, 0)

vertices: (h £ a, k) =(9, 0) and (-9, 0)

foci: (h £ ¢, k) =(11.4, 0) and (—11.4, 0)
asymptotes:

y—k = +2(x—h)
y—0=£{(x-0)

v Qo
_}?—leg.'l.
ol

y =gX OR
e
.J"?_ 9'1'

Y5 L .
e =
N J,;-r
| \\ J‘(
113 [
=16 |8 |0 8\ | 16x
4‘; —& IM'L
..-/r | \'L
[ 1 %X
—I1E.
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8-3 Dot Products and Vector Projections

¥ Find the exact value of each expression, if it
80. —ﬁ S exists.
1 81. arcein]sia ™
SOLUTION . dAresin |IkSII'I ﬁ]

The equation is in standard form, where h =0, k =0,

a=6,b=2andc = +36+4 orabout6.32. In the
standard form of the equation, the x-term is being

SOLUTION:

First, find sin —. On the unit circle, — p corresponds

subtracted. Therefore, the orientation of the 5
hyperbola is vertical. b5 a
to [TEJ So, sin — ==
center: (h, k) = (0, 0) \ 6 2
vertices: (h, k +a) = (0, 6) and (0, —6) _ )
foci: (h, k +¢) = (0, 6.32) and (0, —6.32) Next, find arcsin.
asymptotes: . . 3,
s e % (x —h) The inverse property applies, because > is on the
1
6 ) B
y=l= dolx=8) interval [-1, 1]. Therefore, arcsin Z = % and
e 3% ; N
y =3x OR arcsin sin:f = %
' L
¥y = —3x
Use a table of values to sketch the hyperbola. 82 arctan [ tan l.]
N
| |
I A I SOLUTION:
xx - A =1
o0 4 . . 1
- 5 —— The inverse property applies, because — lies on the
| 4 . b 1 )
i interval | —— . Therefore, arctan tan — |= —
[ -] \s 2 2 2 2
ik B

83. sin[cos : -J]
4
SOLUTION:
b
To simplify the expression, let # = cos ™’ [ :J S0

-

cosu = T Because the cosine function is positive in

Quadrants I and 1V, and the domain of the inverse
cosine function is restricted to Quadrants | and I,

t must lie in Quadrant 1. Using the Pythagorean
Theorem, you can find that the length of the opposite

o . 5
side is+7 . sinu = PP — V7 . So,
hwp 4
g el
s COs —|:—
L 4) 4
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Solve each equation.
84. logy, (x° +2) = logy, 127

SOLUTION:
log,.(x* + 2) =log,, 127
x'+2=127
x’' =125
w=3

85. log, x = log, 6 + log, (x — 5)

SOLUTION:
log., x =log. 6 +log.(x—35)
log. x =log, 6{x-35)
log, x =log,(6x—30)
x=06x-30
=5x=-30
x=6

6. e5x—4 =70
SOLUTION:
=70
Ine™ " =In70
5x—4=In70

S5x=InT70+4

In70+4
x= -
2
xr=].65
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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 at t = 4.
C. From the graph, it appears lim f{r)=10.

[owe

Therefore, the current in the circuit would be 10
amps.
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88. SAT/ACT In the figure below, APQR ~ ATRS.
What is the value of x?

®

VB

P io R 2T

A2

B 5

C 3

D 3.2

E 6

SOLUTION:
¥

Since APQR ~ ATRS, then ﬁ = E Use the
IR KRS

Pythagorean Theorem to solve for QR.

(PR)® +(POY =(OR)’

( m): +(J§): = (OR)?

18 = (OR)’
32 =0R
3,
Substitute PQ, TR, and QR into ﬁ _OR and
O A
solve for RS.
B 32
2 RS

So, x = 3.
The correct answer is C.
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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,~ 5.5, - 3)
= {—4 —(-9),-3- 2}

=(5,-5)

Next, find the magnitude. Substitute Xy =Xy =5 and

Yo —Yy1 = —5 into the formula for the magnitude of a
vector in the coordinate plane.

|4B|=J(x, -x ) + (32 - %)

3 Ifs? b5y
=50
=5

The correct answer is F.
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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 A# is
|Flcos@ = 25¢0s 20, The magnitude of the directed
distance AR is 50.
W =|pmj_l_l,iF||AB|
=(25¢cos 207 )50}
=1174.6
Therefore, the approximate work done in pulling the

sled is about 1174.6 foot-pounds.
The correct answer is C.

91. REVIEW [fs =1{4. —3) t=1{ —6. 2} which of
the following represents t — 2s?

F {14, 8)

G {14.6)

H {—14,8)

Ji{—14, —8)

SOLUTION:

t—Es:t+{—E]s
'—{:—ﬁ.2}+(—2}{4.—3}
={_--f:-,2::+( -ﬁ,ﬁ:}
=(-14,8)

The correct answer is H.
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