











Traction is the force of friction, exerted by the tire tread on a road surface, that
provides grip. Traction is determined by measuring the force needed to start
dragging a tire over a road surface. This force depends on the temperature of the
road surface and the tire, and the nature of the road surface, e.g., dry concrete,
dry asphalt, packed snow, black ice, or a surface covered with a layer of water.
Coefficients of static and kinetic friction are measured for different tire tread

Fy
patterns and surfaces using the equation y = Fy
The tread is the groove design on the operating surface of the tire and is made
from a mixture of many different types of natural and synthetic rubbers. The

tread pattern is designed to dissipate heat, maintain contact with the road, and
improve traction.
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Some common tire types are slicks, snow tires, ice tires, all-season tires, and rain
tires. Slicks are racing tires and have no treads in order to get the maximum amount
of rubber in contact with the road. This enables the tires to dissipate heat during drag
racing. Snow tires are designed to “bite” into the snow to provide better traction.

Ice tires now have a winter-rubber compound, siping technologies, and an aggressive
V-shaped tread design. Siping is the process of cutting small slits perpendicular to
the face of the tire, which in turn creates thousands of tiny edges that improve
traction and braking effectiveness. The National Safety Council performed tests on
siped tires and found that there was a 22% increase in traction on snow and ice.
All-season tires are tires on passenger cars that are designed for use on wet and dry
surfaces, and provide traction on snow and ice. The tire must have a row of fairly
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large grooves that start at the edge of the tire and extend toward the centre. At least
25% of the surface must be grooved so that the tire can “bite” through snow and
provide traction.

Rain tires are used during wet conditions. They have grooves at the centre and sides
that carry water away from the centre of the tire, enabling a good contact area, called
the patch, with the road and minimizing hydroplaning.

Hydroplaning is the skimming effect caused by tires losing contact with a surface
covered with water. If the water cannot squirt out from under the tire fast enough, the
tire will float on the water surface and the driver may lose control of the vehicle.

All tires have rolling friction, the resistance of a tire as it rolls rather than slides over
a road surface. The coefficient of rolling friction (z4f) can be used to calculate the
amount of rolling resistance caused by the tire. The table below lists typical
coefficients of rolling friction for different tires.

Tire Type Coefficient of Rolling Friction
(4rr)
Low-rolling resistance tire | 0.006—0.01
Car tire 0.015
Truck tire 0.006-0.01
Train wheel 0.001
The force required to roll a car on tires is calculated using the equation
Ffrolling - 'urfFN.

Below is a sample calculation to determine the force of rolling friction and the power
used to move a car on a level road having a mass of 1814 kg and a coefficient of
rolling friction of 0.015.

The weight of the car is given by Fg =mg.

F, =(1814 kg)(9.81 m/s?)

g
=1.780 x 10* N [down]
Since the car is not accelerating in the vertical direction, F, + F =0.

So Fy =mg [up].
The force of rolling friction acts parallel to the surface and is directed backward.

Ff ) = ﬂrfFN

rolling
=(0.015)(1.780 x 10* N)
=267 N

The power required to move the car on level ground at a particular speed is given by

the equation P = F v where v is the average speed. If the car has a speed of

frolling
100 km/h (27.8 m/s), the power to overcome rolling friction is 7.41 kW or about
10 hp.

For interesting Web sites on the topic of tires, follow the links at
www.pearsoned.ca/school/physicssource.
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14. A possible Inquiry Lab to determine the coefficients of static and kinetic friction for a
curling stone is shown below. Students will find that 4 is slightly greater than gz,
and that temperature has an effect on the coefficients. They will also find that not all
curling stones have exactly the same coefficients on the same surface. That is why
professional curlers always check their set of eight stones before a competition.
Question
What are the coefficients of static and kinetic friction on a curling stone on ice?
How does the ice temperature affect these coefficients?

Hypothesis

State a hypothesis relating the value of x4 to z4. State another hypothesis relating the
ice temperature to the coefficients of friction.

Variables

Read the procedure and identify the controlled, manipulated, and responding
variable(s).

Materials

balance

thermometer

string

spring scale of appropriate range
Procedure

1. Determine the mass of the curling stone and calculate its weight in newtons.

2. Place the curling stone on the icy surface and allow its temperature to
equilibrate to the ice. Measure the temperature of the ice surface.

3. Attach a durable string around the rim of the curling stone and make a loop at
the end. Attach the string to the spring scale.

4. Pull gently, slowly increasing the force until the curling stone just begins to
move. Measure the maximum value of the force of static friction in newtons just
as the curling stone begins to move. Repeat the procedure several times and
average the results.

5. Repeat step 4 for a curling stone being pulled at a slow constant velocity along
the ice surface.

6. Have the icemaker change the temperature of the ice. Allow sufficient time for
the ice to stabilize and repeat steps 2 to 5. Do this for several temperatures.

7. Average the forces of static and kinetic friction for each temperature.
Determine the coefficients of static and kinetic friction.

Analysis

1. Compare the coefficients of static and kinetic friction.

How did the ice temperature affect the coefficients of friction?

3. What would be the ideal ice temperature to make a curling stone slide the
fastest?

4. Design and conduct an experiment to determine if all curling stones in a set of
eight have the same coefficient of kinetic friction. Analyze your data and form a
conclusion.
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Student Book pages 192193
Chapter 3 Review

Knowledge

1. Given
F,=300 N [E] Fy =350N[E]
m = 2000 kg F. =550 N [W]
Required

acceleration of truck (a)
Analysis and Solution
Draw a free-body diagram for the truck.

+
up Fy

+
w E

down

(m
(P
|

The truck is not accelerating up or down.
So in the vertical direction, £, =0 N.

net,
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Write equations to find the net force on the truck in both the horizontal and
vertical directions.

horizontal direction vertical direction
Fneth :FA+ﬁB+Ff Fnetv :FN+F'g
Fneth :FA+FB+Ff F'netv =0
i 300 N + 350 N + (=550 N) Calculations in the vertical direction are not required
=300 N+350 N-550N in this problem.
=100 N
Apply Newton’s second law to the horizontal direction.
Fneth ~ma
Fnet11
a = e—
m
100N
~ 2000 kg
100 %Zm
— s

2000 k&

=5.00 x 10> m/s’
i =5.00x 1072 m/s* [E]
Paraphrase
The truck will have an acceleration of 5.00 x 102 m/s [E].

2. (a) A figure skater during a glide travels at constant velocity. Newton’s first law states
that an object will continue being at rest or moving at constant velocity unless acted
upon by an external non-zero net force. Since the ice can be considered frictionless,
the net force on the figure skater is zero and the skater’s velocity remains constant.
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(b) A hockey puck during a cross-ice pass travels at constant velocity. Since the ice
can be considered frictionless, the net force on the hockey puck is zero and the
velocity of the puck remains constant.

—

Fy

&S

3. If a transport truck pulls a trailer with a force of 1850 N [E], according to Newton’s
third law, the trailer exerts a force of 1850 N [W] on the truck.

4. If the driver presses the accelerator too hard, the tires will spin, causing the snow
beneath the tires to melt. This watery layer will make it even more difficult for the tires
to exert any frictional force on the snow. Also, when the tires spin, kinetic friction is
present, not static friction. Since z is usually less than g4, the traction that the tires will
have with the snow will be reduced. In general, it is better to use lower gears and to
gently press the accelerator so that the tires can exert the maximum force of friction on
the snow.

Applications

5. (a) Given

Py F

6,=45.0° 6 =45.0°

m=3.0kg & =9.81 m/s* [down]

Required

force exerted by foot (F)

Analysis and Solution
Draw a free-body diagram for the pulley.
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x direction

ydirection

FT1V “\ “‘
““ “‘\Ezy
Fnety =0
Resolve all given forces into x and y components.
Vector X component y component
Fy F;. (cos 45.0°) F; (sin 45.0°)
Fy F;, (cos 45.0°) —F;, (sin 45.0°)
The rope has a negligible mass. So the tension in the rope is the same on both
sides of the pulley.
FTI - FTZ
The hanging object will provide the tension in the rope.
by =mg
= (3.0 kg)(9.81 m/s?%)
koe
=294 =570

=294 N
directions is zero.
Fnetx = Fnety

Since the hanging object is not accelerating, the net force in both the x and y
=0N

Add the x and y components of all force vectors in the vector addition diagram.
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x direction y direction

F;letx = FTU, + FTZX + ﬁ Fnet), = FTU. + F'TZV
net,. = FTU, + FTZX +F Fnet), = O
— [e]
0 =2(29.4 N)(cos 45.0°) + F Calculations in the vertical direction are

F =-42N ) ) not required in this problem.
From the vector addition diagram,

F is directed along the rope connecting the foot to the pulley, which is also
along the negative x-axis.
F =42 N [along rope connecting foot to pulley]
Paraphrase
The foot exerts a force of 42 N [along rope connecting foot to pulley].
(b)If 6, and & decrease, the magnitude of F will increase because the x components
of F; and F; will increase.

6. Given
ms =255 kg m, =98 kg m, =97 kg
F, = 1200 N [forward] F. =400 N [backward]
i =4.4m/s® [forward]
Required

average force exerted by rider B ( F)

Analysis and Solution
The bobsled, pilot, and brakeman are a system because they move together as a
unit. Find the total mass of the system.

mr =mst m, + myp

=255kg+ 98 kg + 97 kg
=450 kg

Draw a free-body diagram for the system.
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\ +
up
F +
N backward forward
down
. R _ F
A A E B E
F Fg Foet,
F

The system is not accelerating up or down. So in the vertical direction, F,, =0 N.

net,

Write equations to find the net force on the system in both the horizontal and
vertical directions.

horizontal direction vertical direction
Fneth :FA+ﬁB+Ff _.netv :FN+Fg
Fneth :FA+FB+Ff Fnet\ :O
Apply Newton’s second law to the
horizontal direction. Calculations in the vertical direction are not required
mra = F, + F, + F, in this problem.
sy =mra—- F, — F;
= (450 kg)(4.4 m/s*) — 1200 N — (=400 N)
= (450 kg)(4.4 m/s*) — 1200 N + 400 N
=1.2 x 10° N [forward]
F, =1.2x10° N [forward]
Paraphrase
Rider B exerts an average force of 1.2 x 10° N [forward].
7. Given
m =4.0x10 kg
6 =20.0°
T =4.60 x 10° N [forward]
i =0m/s’
& =9.81 m/s’ [down]
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Required

magnitudes of L and R
Analysis and Solution
Draw a free-body diagram for the jet.

x direction

Fnetx= 0

y direction

Fnetyzo

Resolve all given forces into x and y components.

Vector X component y component
T 4.60 x 10°N 0
F, —mg(sin 20.0°) —mg(cos 20.0°)

Since the jet is not accelerating, the net force in both the x and y directions is

Zero.
F

net

=F, =0N

net v

Add the x and y components of all force vectors in the vector addition diagram.

x direction
F. =T+ R+ Fg

Pearson Physics Solutions Unit II Chapter 3
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Fo =1L+ ﬁgr
Fop =L+ F
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0 =4.60 x 10° N + R + {—mg(sin 20.0°)} 0=L+ {-mg
(cos 20.0°)}

=4.60 x 10°N+R— mg(sin 20.0°) = L — mg(cos 20.0°)
R = mg(sin 20.0°) — 4.60 x 10° N L = mg(cos 20.0°)

= (4.0 x 10° kg)(9.81 m/s*)(sin 20.0°) — 4.60 x 10° N = (4.0 x 10° kg)

(9.81 m/s?)(cos 20.0°)

=-33x10°N =3.7x 10°N
Paraphrase
The magnitudes of L and R are 3.7 x 10° N and 3.3 x 10° N respectively.

8. Analysis and Solution

111111

From the equation F, = iF, ka‘ ~oc Fy and Fy = mg.
K inetic

50, kainetic xme

The free-body diagram below represents the situation of the problem.

+
Fy +
backward forward
down
2m
kainetic m
F

kainetic * (m * 2m)g
kainetic * 3mg
Calculate F £ .
kinetic

3Fg  =3x(25N)

=7.5N
The new force of kinetic friction will be 7.5 N [backward].
9. (a) Given

m; = 1385 kg my =453 kg
i =0.75 m/s* [forward]
Required

tension in the hitch ( £;)

Analysis and Solution
Draw a free-body diagram for the trailer.
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+

up FN
+
backward forward
down
m;
O .
£ -E= Fr
& (o) = e
e e :

&ni

The trailer is not accelerating up or down.

So in the vertical direction, £, =0 N.

Write equations to find the net force on the trailer in both the horizontal and
vertical directions.

horizontal direction vertical direction
Fneth =F'T F'netV =F‘N+Fg
= FT E‘letv = 0

nety,
Calculations in the vertical direction are
not required in this problem.
Apply Newton’s second law to the
horizontal direction.

mya = FT
FT = mpa

= (453 kg)(0.75 m/s?)
=3.4x10°N

Paraphrase

The tension in the hitch is 3.4 x 10> N.

(b) Given
my = 1385 kg my; =453 kg

@ =0.75 m/s* [forward]
Fr=13.40 x 10* N from part (a)
Required

force of friction on truck ( F})
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Analysis and Solution

Draw a free-body diagram for the truck.

o
up

backward‘—’—*

down

—

+
forward

Fy

F

-

The truck is not accelerating up or down.

So in the vertical direction,
Write equations to find the net force on the truck in both the horizontal and

vertical directions.
horizontal direction

nety,

F

net,

Pearson Physics Solutions Unit II Chapter 3

F =F+ kR
:Ff+FT

=0N.

107

vertical direction

Ba, = In T F
F'netv =0

Calculations in the vertical direction are
not required in this problem.
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Apply Newton’s second law to the horizontal direction.
mia =F¢+ Fr
Ff =mia — FT
= (1385 kg)(0.75 m/s*) — (—3.40 x 10* N)
= (1385 kg)(0.75 m/s*) + 3.40 x 10* N

=1.4x10°N
F, =1.4x 10’ N [forward]
Paraphrase

The road exerts a force of friction of 1.4 x 10° N [forward] on the truck.
(¢) Analysis and Solution
From the free-body diagram in part (a), F, = F,, -
Apply Newton’s third law.
Fyoni == Fon2
=3.4 x 10* N [backward]
The trailer exerts a force of 3.4 x 10? N [backward] on the truck.
10. (a) Given
ma =50 kg mp = 80 kg
Froon=24.5N[E] Fioop =39.2N[W]
Fyop= 60 N [E]

my=50kg mg=280kg

-, 7

Required

net force on each player (£, and £, )

ety
Analysis and Solution
Draw a free-body diagram for each player.
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+
— + [
up Fy w E N
W E down
down
7rBunA FAon B;
FBonA FfonA FfunA; ot Ll > FfonB
. Fneth
Fneth
= F,
g
FQ

Each player is not accelerating up or down.
So in the vertical direction, ¥, =0 N.

net,

Write equations to find the net force on player A in both the horizontal and
vertical directions.
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horizontal direction vertical direction
F F}onA FBonA F'netV - FN + F

nety,

E =Ftona T FBona Fnetv =0

net,

Calculations in the vertical direction are
not required in this problem.

Apply Newton’s third law.

FBonA = _ﬁAonB
Substitute £, , into the equation for F Fe,

F =245N+(-60N)
= 36N
F, =36N[W]

net

Write equations to find the net force on player B in both the horizontal and
vertical directions.

horizontal direction vertical direction
Fnet F'fonB + FAonB F'netV F + F
Fneth :FfonB+FA0nB Fnetv =0
=-392N+60N Calculations in the vertical direction are
- =21N not required in this problem.
Fh, =21 NI[E]
Paraphrase
The net force on player A is 36 N [W] and on player B is 21 N [E].
(b) Given
ma =50 kg mg =80 kg
FfonA 245N[E] vaonB :392N[W]
AonB 60 N [E]
F, =355N[W] F, =20.8 N [E] from part (a)
Required

acceleration of each player (a, and ag)

Analysis and Solution
Apply Newton’s second law to the horizontal direction for player A.

F = mada

net A

aa

=0.71 m/s’
i, =0.71 m/s* [W]
Apply Newton’s second law to the horizontal direction for player B.
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FnetB - mBaB
net g
ag
my
208N
~ 80 kg
20 2
— . 52
80 k¢
=0.26 m/s’
i, =0.26 m/s” [E]
Paraphrase
The acceleration of player A is 0.71 m/s* [W] and of player B is 0.26 m/s’
[E].
11. Given
F,,, = 15N [S]
F, =40 N [down]
i =0m/s’
Required

coefficient of kinetic friction (z4)
Analysis and Solution
Draw a free-body diagram for the case.

N S

Fapp ;

Fapp e
F R
Fignetc finetic
F ety — 0

Fy

Since the case is moving at constant speed, £, = 0 N in both the horizontal and

vertical directions.
Write equations to find the net force on the case in both directions.
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horizontal direction vertical direction

net, F;pp T Fo, = F N T F;;
Bty = Fapp + ka;neﬁc Fo = Fy + F,
0 =15N+ (—uFN) 0 = F, +(-40N)
=15 N — wuFnN = F, —40N
kN =15N Fy, =40N

Substitute £, =40 N into the last equation for the horizontal direction.

(40 N) =15N

_ X
Hk 20 X
=0.38
Paraphrase
The coefficient of kinetic friction for the case on the counter is 0.38.
12. Given
m. = 1450 kg my =454 kg
E,.= 7471 N [backward]
a =0.225 m/s [forward]
Required
coefficient of static friction (z)
Analysis and Solution
The car and trailer are a system because they move together as a unit. Find the
total mass of the system.
mr = mc+ my
= 1450 kg + 454 kg
=1904 kg

Draw a free-body diagram for the system.

+
up —

+ Fy
backward forward . .
Ffair i

down

The system is not accelerating up or down.
So in the vertical direction, £, =0 N.

net,
Write equations to find the net force on the system in both directions.

Pearson Physics Solutions Unit IT Chapter 3 112 Copyright © 2007 Pearson Education Canada



horizontal direction vertical direction

Fo, = F foe T Flir Fo, = Fy + Fé

Fpy = F + Fy F =F+F,

mra = uFn+ (7471 N) 0 = F +(-mrg)
= ukFN—7471 N = Fy —mrg

sk =mra + 7471 N F, =mrg

Substitute £, = mrg into the last equation for the horizontal direction.

usmtg =mra+ 7471 N

a  T471N
Hs = -+t

g mg
0.225 ‘Zf 7471 g - Z‘?

= +
9.81 g (1904 %){9.81 ‘ZZ/]

=0.423

Paraphrase

The coefficient of static friction for the car and trailer on the ground is 0.423.
13. (a) Analysis and Solution
If the pulley is prevented from turning, the reading on the spring scale will be
equal to the sum of the gravitational force acting on each bag.
F; - F‘gl + ﬁgz

K= F'g1+Fg2

=nmig t myg
= g(m + my)
= (9.81 m/s*)(60 kg + 40 kg)
=9.8 x 10°N
(b) Given
m1=60kg my :40kg
& =9.81 m/s* [down]
(1) Required
acceleration of the system (a )
Analysis and Solution
Draw a free-body diagram for each bag.
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— —

down

/]\Fnet

F —
; r¢

Each bag is not accelerating left or right.

So in the horizontal direction, F,, =0 N.
For the vertical direction, write an equation to find the net force on each bag.
60-kg bag 40-kg bag
net; :F‘T—’_F‘gl Fnet2 :FT+F‘gz
net, :FT+Fg] F'net2 :F‘T—}_F:g2
Apply Newton’s second law.
—ma :FT+ Fgl mpd :FT+ F:%z
-ma =Fr+ (-mg) maa = Fr+ (-myg)
-ma =Fr—mg mya = Fr—myg
Fr =mg—-ma Fr =myg +ma

Set both equations for Fr equal to each other.
mg—ma = mygt ma
a(my +my) = g(m —my)

s

~\my + my g

B 60kg—40kg) )
_(60kg+40kg (.81 m/s%)

(20 k¢ 5
= (100 %](9.81 m/s”)

=2.0 m/s’
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Paraphrase
The acceleration of the 60-kg bag will be 2.0 m/s* [down] and of the 40-kg
bag will be 2.0 m/s* [up].
(i1) Required
tension in rope
Analysis and Solution
Substitute the value of a into the equation for Fr for the 40-kg bag.
Fr =my(g + a)

= (40 kg)(9.81 m/s* + 1.96 m/s?)

=4.7x10°N
The tension in the rope will be 4.7 x 10> N.

(¢) Analysis and Solution
The rope exerts a force on each side of the pulley (the magnitude of this
force is the tension). So when the bags are accelerating, the reading on the
spring scale will be twice the tension.
Fs = 2FT
=2(4.71 x 10> N)
=9.4x10°N
(d) When the bags are at rest, the spring scale reads the total weight of the bags.

When the bags are accelerating, the scale reads twice the tension in the rope.
When the bags are released, the 20-kg difference in mass between the two
bags will provide the net force to accelerate the system. That force is 39 N,

which is the difference between the two readings on the spring scale.
14. Given

vi =0 m/s ve =320 km/h

At=6.50s Fyony =1.52x 10* N [backward]
F,.=15.2x 10’ N [backward]

Required

mass of car (m)
Analysis and Solution
Convert the final speed of the car to metres per second.
320 ket 1000m 1K

1A 1Jm 3600

= 88.9 m/s

Calculate the magnitude of the acceleration of the car.
A
.Y,
_ Vi— Vi
At
~ 88.9m/s — 0 m/s
a 6.50 s
=13.7 m/s?

Ve =

a
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Apply Newton’s third law.
E =-F

gonw wong

=1.52 x 10* N [forward]

It is the reaction force F,,,,, that causes the car to accelerate.

Draw a free-body diagram for the car.

+
up
backward forward
down
Fg onw
é Fair
Fneth
F

The car is not accelerating up or down.
So in the vertical direction, £, =0 N.

net,

Write equations to find the net force on the car in both directions.

horizontal direction

F,

nety gonw air

Fwnet}| = Fgonw + F;iir

Apply Newton’s second law to the
horizontal direction.
ma = F, + F

gonw air

F, + F,

gonw air
m =
a
152 x 10* N+ (=5.2 x 10° N)
B 13.7 m/s”
C1.52x10°N-52x10°N
B 13.7 m/s”

1.00x10* kgog
13.7 g

=73 x 10° kg
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F, net,

= Fy t F,
=0

net,

Calculations in the vertical direction are not required
in this problem.
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Paraphrase
The car has a mass of 7.3 x 10” kg.
15. Given

i =0m/s
F_=1.0 x 10* N [forward]

app
& =9.81 m/s* [down]

L = 0.5 from Table 3.4 (rubber tires on wet concrete)
Required

mass of tractor (m)

Analysis and Solution

Draw a free-body diagram for the tractor.

+
up
3 +
N
backward forward
down
Faop
. A . —>

FQ
\
Since the tractor is not accelerating in the vertical direction, £, =0 N.
Write equations to find the net force on the tractor in both directions.
horizontal direction vertical direction
F, net, Fapp + F}kinetm F, net, F vt ﬁg
K net, Fapp + kamcuc £ net, T F, g
0 = Fp + B, 0 = R+ (-mg)
= Fpp T (—cfN) = Fy —mg
= Fyy — i Fy =mg

,ukFN = F

app

Substitute Fy = mg into equation for F, .

pmg = Fy,
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F;Pp

g
_1.0x10'N

g

1.0x10* kg-g
) (0.5)[9.81 g)

=2x 10’ kg
Paraphrase
The tractor has a mass of 2 x 10° kg.

16. Students may use a familiar object such as a crate moving down the ramp of a

delivery truck. They need to first measure the mass of the object and the angle the
ramp makes with the ground. Then they should demonstrate how to calculate the
gravitational force on the object. Students should include a free-body diagram of the

object that clearly shows the weight vector resolved into parallel and perpendicular
components to the ramp as shown below.

—

F

static

|| Forces 1 Forces

— .

F. e — — — b F — —  —
gl - Lt _
,,' FnetH_FgH+FfstatiC S Fneti _FN+FgL
’ - N =
A A% Fnetl\_0 e Q Fneti_0
Ffstatic FN

Students must explain why they used the sine and cosine of the angle to determine
the parallel and perpendicular components respectively.

17. (a) Since u for dry concrete is less than that for dry asphalt, dry asphalt exerts more
static friction on a rubber tire than dry concrete.

(b) Since g is the same for wet concrete and wet asphalt, the car will slide with
equal ease on both.

(¢) The moving car will begin to slide more easily on the surface with the smaller

coefficient of static friction. Since s for dry concrete is less than dry asphalt, the
car will begin to slide more easily on dry concrete.

(d) When the brakes are locked, the car is sliding. So kinetic friction is present. For
the car to slide a minimum distance, g4 for that road surface must be greater than

the other surface. Since £« is greater for dry concrete than dry asphalt, the car will
slide a shorter distance.
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Extensions
18. (a) Given

m = 80 kg e =0.70
vi= 8.23 m/s [forward] g =9.81 m/s* [down]
Required

acceleration of player (a )
Analysis and Solution
Draw a free-body diagram for the player.

+
up FN
+
backward forward

down

1l
%

The player is not accelerating up or down.

So in the vertical direction, £, =0 N.
Write equations to find the net force on the player in both directions.
horizontal direction vertical direction

_.neth = _.f Fnetv = ﬁN + Fé
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Fneth :F'f F'netV :FN+F'g
ma = —uFN 0 = F, +(-mg)
= Fy —mg
N =mg

Substitute £, = mg into the last equation for the horizontal direction.

Ma =-u g

a =—Hg
=—-(0.70)(9.81 m/s?)
=-6.9 m/s’
i =6.9 m/s’ [backward]
Paraphrase
The baseball player will have an acceleration of 6.9 m/s” [backward] during
the slide.
(b) Given
m = 80 kg e =0.70
vi = 8.23 m/s [forward] g =9.81 m/s* [down]
@ = 6.87 m/s” [backward] from part (a)
Required

time interval of slide (A¢)
Analysis and Solution
Calculate the time interval of the slide.

~ O0m/s —8.23 m/s
T —6.87 m/s’
=12s
Paraphrase
The baseball player will slide for 1.2 s.
(¢) Analysis and Solution
Substitute a = —g4g from part (a) into the equation for At.
Ay

At
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