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Last time

• using kinematics equations

• problem solving practice



Overview

• more practice using kinematics equations



The Kinematics Equations

For constant acceleration:

#»v = #»v 0 +
#»a t

#   »
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#»v 0 +

#»v

2
t
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2
#»a t2

v2 = v20 + 2 a∆x

For zero acceleration:

#   »

∆x = #»v t



Using the Kinematics Equations to solve problems

Process:

1 Identify which quantity we need to find and which ones we are
given.

2 Is there a quantity that we are not given and are not asked
for?

1 If so, use the equation that does not include that quantity.

2 If there is not, more that one kinematics equation may be
required or there may be several equivalent approaches.

3 Input known quantities and solve.



Example 4 (Ch 2 #62)

A boat is cruising in a straight line at a constant speed of 2.6 m/s
when it is shifted into neutral. After coasting 12 m the engine is
engaged again, and the boat resumes cruising at the reduced
constant speed of 1.6 m/s. Assuming constant acceleration while
coasting,
(a) how long did it take for the boat to coast the 12 m?
(b) What was the boat’s acceleration while it was coasting?
(c) When the boat had coasted for 6.0 m, was its speed 2.1 m/s,
more than 2.1 m/s, or less than 2.1 m/s? Explain.

1Walker, “Physics”, pg 52.
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engaged again, and the boat resumes cruising at the reduced
constant speed of 1.6 m/s. Assuming constant acceleration while
coasting,
(a) how long did it take for the boat to coast the 12 m?

Draw a sketch.

Hypothesis: less than (12 m)÷(1.6 m/s) = 7.5 s.

Given: v0 =2.6 m/s, v =1.6 m/s, ∆x =12 m.
Asked for: t

Strategy: use equation
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Given: v0 =2.6 m/s, v =1.6 m/s, ∆x =12 m.
Asked for: t

Strategy: use equation
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#»v 0 +

#»v

2
t

Rearrange:

t =
2∆x

v + v0

=
2 (12 m)

1.6 m/s + 2.6 m/s

= 5.71 s

= 5.7 s (2 sig figs)

1Walker, “Physics”, pg 52.
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Example 4 (Ch 2 #62)

Given: v0 =2.6 m/s, v =1.6 m/s, ∆x =12 m; t = 5.71 s
Asked for: a

Strategy: there are many ways... Here’s one:

v2 = v20 + 2a(∆x)

Rearrange:

a =
v2 − v20

2∆x

=
(1.6 m/s)2 − (2.6 m/s)2

2 (12 m)

= −0.175 m/s2

= −0.18 m/s2 (2 sig figs)

Analysis: This is a very gentle deceleration, but it is reasonable for
a boat. We get the same answer if we use #»v = #»v 0 +

#»a t instead.
1Walker, “Physics”, pg 52.



Example 4 (Ch 2 #62)

A boat is cruising in a straight line at a constant speed of 2.6 m/s
when it is shifted into neutral. After coasting 12 m the engine is
engaged again, and the boat resumes cruising at the reduced
constant speed of 1.6 m/s. Assuming constant acceleration while
coasting,
(c) When the boat had coasted for 6.0 m, was its speed 2.1 m/s,
more than 2.1 m/s, or less than 2.1 m/s? Explain.

Hypothesis: after 6.0 m it should be traveling at more than
2.1 m/s, because

∆v ∝ t, ∆v 6∝ ∆x

Distance covered is the area under a velocity-time graph; when
moving faster, you cover more distance.
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Hypothesis: after 6.0 m it should be traveling at more than
2.1 m/s, because
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Distance covered is the area under a velocity-time graph; when
moving faster, you cover more distance.



Example 4 (Ch 2 #62)

Check: v2 = v20 + 2a(∆x). Rearrange:

v2 = v20 + 2a(∆x)

v2 = (2.6 m/s)2 + 2(−0.175 m/s2)(6.0 m)

v = 2.2 m/s

Analysis: For constant acceleration, the velocity changes linearly
with time but nonlinearly with distance.

1Walker, “Physics”, pg 52.
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Example 5
A car driver sees an obstacle in the road and applies the brakes. It
takes him 4.33 s to stop the car over a distance of 55.0 m.
Assuming the car brakes with constant acceleration, what was the
car’s deceleration?

Sketch:

28 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

continued from previous page

Insight
Note that the average acceleration for these six seconds is not simply the average of the individual accelerations;

and The reason is that different amounts of time are spent with each acceleration. In addition, the
average acceleration can be found graphically, as indicated in the v-versus-t sketch on the previous page. Specifically, the graph
shows that is 2.5 m/s for the time interval from to 

Practice Problem
What is the average acceleration of the train between and [Answer:

]

Some related homework problems: Problem 32, Problem 34

16.0 s - 2.0 s2 = -0.38 m/s2
aav = ¢v>¢t = (3.0 m/s - 4.5 m/s)>t = 6.0 s?t = 2.0 s

t = 6.0 s.t = 0¢v

-1.5 m/s2.2.0 m/s2, 0 m/s2,

In one dimension, nonzero velocities and accelerations are either positive or
negative, depending on whether they point in the positive or negative direction of
the coordinate system chosen. Thus, the velocity and acceleration of an object may
have the same or opposite signs. (Of course, in two or three dimensions the rela-
tionship between velocity and acceleration can be much more varied, as we shall
see in the next several chapters.) This leads to the following two possibilities:

• When the velocity and acceleration of an object have the same sign, the
speed of the object increases. In this case, the velocity and acceleration
point in the same direction.

• When the velocity and acceleration of an object have opposite signs, the
speed of the object decreases. In this case, the velocity and acceleration
point in opposite directions.

These two possibilities are illustrated in Figure 2–11. Notice that when a particle’s
speed increases, it means either that its velocity becomes more positive, as in
Figure 2–11 (a), or more negative, as in Figure 2–11 (d). In either case, it is the
magnitude of the velocity—the speed—that increases.
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FIGURE 2–11 Cars accelerating or
decelerating
A car’s speed increases when its velocity
and acceleration point in the same direc-
tion, as in cases (a) and (d). When the
velocity and acceleration point in oppo-
site directions, as in cases (b) and (c), the
car’s speed decreases.

▲

The winner of this race was traveling at
a speed of 313.91 mph at the end of the
quarter-mile course. Since the winning
time was just 4.607 s, the average accelera-
tion during this race was approximately
three times the acceleration of gravity
(Section 2–7).

▲

WALKMC02_0131536311.QXD  12/9/05  3:26  Page 28

Hypothesis: 55 m is not very far and 4.33 s is not a long time: the
deceleration must be high-ish. I would guess maybe 5 m/s2 which
is about half of g .

Given: t = 4.33 s, ∆x = 55.0 m, v = 0 m/s
Asked for: #»a
Strategy: use

#   »

∆x = #»v t −
1

2
#»a t2



Example 5
A car driver sees an obstacle in the road and applies the brakes. It
takes him 4.33 s to stop the car over a distance of 55.0 m.
Assuming the car brakes with constant acceleration, what was the
car’s deceleration?

Sketch:

28 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

continued from previous page

Insight
Note that the average acceleration for these six seconds is not simply the average of the individual accelerations;

and The reason is that different amounts of time are spent with each acceleration. In addition, the
average acceleration can be found graphically, as indicated in the v-versus-t sketch on the previous page. Specifically, the graph
shows that is 2.5 m/s for the time interval from to 

Practice Problem
What is the average acceleration of the train between and [Answer:

]

Some related homework problems: Problem 32, Problem 34

16.0 s - 2.0 s2 = -0.38 m/s2
aav = ¢v>¢t = (3.0 m/s - 4.5 m/s)>t = 6.0 s?t = 2.0 s

t = 6.0 s.t = 0¢v

-1.5 m/s2.2.0 m/s2, 0 m/s2,

In one dimension, nonzero velocities and accelerations are either positive or
negative, depending on whether they point in the positive or negative direction of
the coordinate system chosen. Thus, the velocity and acceleration of an object may
have the same or opposite signs. (Of course, in two or three dimensions the rela-
tionship between velocity and acceleration can be much more varied, as we shall
see in the next several chapters.) This leads to the following two possibilities:

• When the velocity and acceleration of an object have the same sign, the
speed of the object increases. In this case, the velocity and acceleration
point in the same direction.

• When the velocity and acceleration of an object have opposite signs, the
speed of the object decreases. In this case, the velocity and acceleration
point in opposite directions.

These two possibilities are illustrated in Figure 2–11. Notice that when a particle’s
speed increases, it means either that its velocity becomes more positive, as in
Figure 2–11 (a), or more negative, as in Figure 2–11 (d). In either case, it is the
magnitude of the velocity—the speed—that increases.

v

a

(a)

x

v

a

(b)

x

v

a

(d)

x

v

a

x

(c)

FIGURE 2–11 Cars accelerating or
decelerating
A car’s speed increases when its velocity
and acceleration point in the same direc-
tion, as in cases (a) and (d). When the
velocity and acceleration point in oppo-
site directions, as in cases (b) and (c), the
car’s speed decreases.

▲

The winner of this race was traveling at
a speed of 313.91 mph at the end of the
quarter-mile course. Since the winning
time was just 4.607 s, the average accelera-
tion during this race was approximately
three times the acceleration of gravity
(Section 2–7).

▲

WALKMC02_0131536311.QXD  12/9/05  3:26  Page 28

Hypothesis: 55 m is not very far and 4.33 s is not a long time: the
deceleration must be high-ish. I would guess maybe 5 m/s2 which
is about half of g .

Given: t = 4.33 s, ∆x = 55.0 m, v = 0 m/s
Asked for: #»a
Strategy: use

#   »

∆x = #»v t −
1

2
#»a t2



Example 5
A car driver sees an obstacle in the road and applies the brakes. It
takes him 4.33 s to stop the car over a distance of 55.0 m.
Assuming the car brakes with constant acceleration, what was the
car’s deceleration?

Sketch:

28 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

continued from previous page

Insight
Note that the average acceleration for these six seconds is not simply the average of the individual accelerations;

and The reason is that different amounts of time are spent with each acceleration. In addition, the
average acceleration can be found graphically, as indicated in the v-versus-t sketch on the previous page. Specifically, the graph
shows that is 2.5 m/s for the time interval from to 

Practice Problem
What is the average acceleration of the train between and [Answer:

]

Some related homework problems: Problem 32, Problem 34

16.0 s - 2.0 s2 = -0.38 m/s2
aav = ¢v>¢t = (3.0 m/s - 4.5 m/s)>t = 6.0 s?t = 2.0 s

t = 6.0 s.t = 0¢v

-1.5 m/s2.2.0 m/s2, 0 m/s2,

In one dimension, nonzero velocities and accelerations are either positive or
negative, depending on whether they point in the positive or negative direction of
the coordinate system chosen. Thus, the velocity and acceleration of an object may
have the same or opposite signs. (Of course, in two or three dimensions the rela-
tionship between velocity and acceleration can be much more varied, as we shall
see in the next several chapters.) This leads to the following two possibilities:

• When the velocity and acceleration of an object have the same sign, the
speed of the object increases. In this case, the velocity and acceleration
point in the same direction.

• When the velocity and acceleration of an object have opposite signs, the
speed of the object decreases. In this case, the velocity and acceleration
point in opposite directions.

These two possibilities are illustrated in Figure 2–11. Notice that when a particle’s
speed increases, it means either that its velocity becomes more positive, as in
Figure 2–11 (a), or more negative, as in Figure 2–11 (d). In either case, it is the
magnitude of the velocity—the speed—that increases.

v

a

(a)

x

v

a

(b)

x

v

a

(d)

x

v

a

x

(c)

FIGURE 2–11 Cars accelerating or
decelerating
A car’s speed increases when its velocity
and acceleration point in the same direc-
tion, as in cases (a) and (d). When the
velocity and acceleration point in oppo-
site directions, as in cases (b) and (c), the
car’s speed decreases.

▲

The winner of this race was traveling at
a speed of 313.91 mph at the end of the
quarter-mile course. Since the winning
time was just 4.607 s, the average accelera-
tion during this race was approximately
three times the acceleration of gravity
(Section 2–7).

▲

WALKMC02_0131536311.QXD  12/9/05  3:26  Page 28

Hypothesis: 55 m is not very far and 4.33 s is not a long time: the
deceleration must be high-ish. I would guess maybe 5 m/s2 which
is about half of g .

Given: t = 4.33 s, ∆x = 55.0 m, v = 0 m/s
Asked for: #»a
Strategy: use

#   »

∆x = #»v t −
1

2
#»a t2



Example 5
A car driver sees an obstacle in the road and applies the brakes. It
takes him 4.33 s to stop the car over a distance of 55.0 m.
Assuming the car brakes with constant acceleration, what was the
car’s deceleration?

Sketch:

28 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

continued from previous page

Insight
Note that the average acceleration for these six seconds is not simply the average of the individual accelerations;

and The reason is that different amounts of time are spent with each acceleration. In addition, the
average acceleration can be found graphically, as indicated in the v-versus-t sketch on the previous page. Specifically, the graph
shows that is 2.5 m/s for the time interval from to 

Practice Problem
What is the average acceleration of the train between and [Answer:

]

Some related homework problems: Problem 32, Problem 34

16.0 s - 2.0 s2 = -0.38 m/s2
aav = ¢v>¢t = (3.0 m/s - 4.5 m/s)>t = 6.0 s?t = 2.0 s

t = 6.0 s.t = 0¢v

-1.5 m/s2.2.0 m/s2, 0 m/s2,

In one dimension, nonzero velocities and accelerations are either positive or
negative, depending on whether they point in the positive or negative direction of
the coordinate system chosen. Thus, the velocity and acceleration of an object may
have the same or opposite signs. (Of course, in two or three dimensions the rela-
tionship between velocity and acceleration can be much more varied, as we shall
see in the next several chapters.) This leads to the following two possibilities:

• When the velocity and acceleration of an object have the same sign, the
speed of the object increases. In this case, the velocity and acceleration
point in the same direction.

• When the velocity and acceleration of an object have opposite signs, the
speed of the object decreases. In this case, the velocity and acceleration
point in opposite directions.

These two possibilities are illustrated in Figure 2–11. Notice that when a particle’s
speed increases, it means either that its velocity becomes more positive, as in
Figure 2–11 (a), or more negative, as in Figure 2–11 (d). In either case, it is the
magnitude of the velocity—the speed—that increases.

v

a

(a)

x

v

a

(b)

x

v

a

(d)

x

v

a

x

(c)

FIGURE 2–11 Cars accelerating or
decelerating
A car’s speed increases when its velocity
and acceleration point in the same direc-
tion, as in cases (a) and (d). When the
velocity and acceleration point in oppo-
site directions, as in cases (b) and (c), the
car’s speed decreases.

▲

The winner of this race was traveling at
a speed of 313.91 mph at the end of the
quarter-mile course. Since the winning
time was just 4.607 s, the average accelera-
tion during this race was approximately
three times the acceleration of gravity
(Section 2–7).

▲

WALKMC02_0131536311.QXD  12/9/05  3:26  Page 28

Hypothesis: 55 m is not very far and 4.33 s is not a long time: the
deceleration must be high-ish. I would guess maybe 5 m/s2 which
is about half of g .

Given: t = 4.33 s, ∆x = 55.0 m, v = 0 m/s
Asked for: #»a

Strategy: use
#   »

∆x = #»v t −
1

2
#»a t2



Example 5
A car driver sees an obstacle in the road and applies the brakes. It
takes him 4.33 s to stop the car over a distance of 55.0 m.
Assuming the car brakes with constant acceleration, what was the
car’s deceleration?

Sketch:

28 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

continued from previous page

Insight
Note that the average acceleration for these six seconds is not simply the average of the individual accelerations;

and The reason is that different amounts of time are spent with each acceleration. In addition, the
average acceleration can be found graphically, as indicated in the v-versus-t sketch on the previous page. Specifically, the graph
shows that is 2.5 m/s for the time interval from to 

Practice Problem
What is the average acceleration of the train between and [Answer:

]

Some related homework problems: Problem 32, Problem 34

16.0 s - 2.0 s2 = -0.38 m/s2
aav = ¢v>¢t = (3.0 m/s - 4.5 m/s)>t = 6.0 s?t = 2.0 s

t = 6.0 s.t = 0¢v

-1.5 m/s2.2.0 m/s2, 0 m/s2,

In one dimension, nonzero velocities and accelerations are either positive or
negative, depending on whether they point in the positive or negative direction of
the coordinate system chosen. Thus, the velocity and acceleration of an object may
have the same or opposite signs. (Of course, in two or three dimensions the rela-
tionship between velocity and acceleration can be much more varied, as we shall
see in the next several chapters.) This leads to the following two possibilities:

• When the velocity and acceleration of an object have the same sign, the
speed of the object increases. In this case, the velocity and acceleration
point in the same direction.

• When the velocity and acceleration of an object have opposite signs, the
speed of the object decreases. In this case, the velocity and acceleration
point in opposite directions.

These two possibilities are illustrated in Figure 2–11. Notice that when a particle’s
speed increases, it means either that its velocity becomes more positive, as in
Figure 2–11 (a), or more negative, as in Figure 2–11 (d). In either case, it is the
magnitude of the velocity—the speed—that increases.

v

a

(a)

x

v

a

(b)

x

v

a

(d)

x

v

a

x

(c)

FIGURE 2–11 Cars accelerating or
decelerating
A car’s speed increases when its velocity
and acceleration point in the same direc-
tion, as in cases (a) and (d). When the
velocity and acceleration point in oppo-
site directions, as in cases (b) and (c), the
car’s speed decreases.

▲

The winner of this race was traveling at
a speed of 313.91 mph at the end of the
quarter-mile course. Since the winning
time was just 4.607 s, the average accelera-
tion during this race was approximately
three times the acceleration of gravity
(Section 2–7).

▲

WALKMC02_0131536311.QXD  12/9/05  3:26  Page 28

Hypothesis: 55 m is not very far and 4.33 s is not a long time: the
deceleration must be high-ish. I would guess maybe 5 m/s2 which
is about half of g .

Given: t = 4.33 s, ∆x = 55.0 m, v = 0 m/s
Asked for: #»a
Strategy: use

#   »

∆x = #»v t −
1

2
#»a t2



Example 5
A car driver sees an obstacle in the road and applies the brakes. It
takes him 4.33 s to stop the car over a distance of 55.0 m.
Assuming the car brakes with constant acceleration, what was the
car’s deceleration?

#   »

∆x = #»v t −
1

2
#»a t2

1

2
#»a t2 = #»v t −

#   »

∆x

#»a =
2( #»v t −

#   »

∆x)
t2

=
2(0 − 55.0 m̂i)

(4.33 s)2

#»a = −5.87 m/s2 î

Or, the car’s acceleration is 5.87 m/s2, opposite the direction of
the car’s travel.
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Example 5

Reasonable / Agrees with hypothesis: This is a large deceleration,
but a car can manage it. It is reasonable considering he needs to
stop before the obstacle and is breaking hard.



Example 6
A car traveling at a constant speed of 45.0 m/s passes a trooper
on a motorcycle hidden behind a billboard. One second after the
speeding car passes the billboard, the trooper sets out from the
billboard to catch the car, accelerating at a constant rate of 3.00
m/s2. How long does it take the trooper to overtake the car?

Sketch:

Equation 2.13 is the only equation in the particle 
under constant acceleration model that does not 
involve position, so we use it to find the acceleration of 
the jet, modeled as a particle:

ax 5
vxf 2 vxi

t
<

0 2 63 m/s
2.0 s

5  232 m/s2

(B) If the jet touches down at position xi 5 0, what is its final position?

S O L U T I O N

Use Equation 2.15 to solve for the final position: xf 5 xi 1 1
2 1vxi 1 vxf 2 t 5 0 1 1

2 163 m/s 1 0 2 12.0 s 2 5   63 m

Given the size of aircraft carriers, a length of 63 m seems reasonable for stopping the jet. The idea of using arresting 
cables to slow down landing aircraft and enable them to land safely on ships originated at about the time of World War I. 
The cables are still a vital part of the operation of modern aircraft carriers.

Suppose the jet lands on the deck of the aircraft carrier with a speed faster than 63 m/s but has the same 
acceleration due to the cable as that calculated in part (A). How will that change the answer to part (B)?

Answer If the jet is traveling faster at the beginning, it will stop farther away from its starting point, so the answer to 
part (B) should be larger. Mathematically, we see in Equation 2.15 that if vxi is larger, then xf will be larger.

WHAT IF ?
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Example 2.8   Watch Out for the Speed Limit!

A car traveling at a constant speed of 45.0 m/s passes a 
trooper on a motorcycle hidden behind a billboard. One sec-
ond after the speeding car passes the billboard, the trooper 
sets out from the billboard to catch the car, accelerating at a 
constant rate of 3.00 m/s2. How long does it take the trooper 
to overtake the car?

A pictorial representation (Fig. 2.13) helps clarify the 
sequence of events. The car is modeled as a particle under con-
stant velocity, and the trooper is modeled as a particle under 
constant acceleration.
 First, we write expressions for the position of each vehicle as a function of time. It is convenient to choose the posi-
tion of the billboard as the origin and to set t! 5 0 as the time the trooper begins moving. At that instant, the car has 
already traveled a distance of 45.0 m from the billboard because it has traveled at a constant speed of vx 5 45.0 m/s for 
1 s. Therefore, the initial position of the speeding car is x! 5 45.0 m.

AM

S O L U T I O N

Figure 2.13 (Example 2.8) A speeding car passes a hid-
den trooper.

t" ! ?t! ! 0t# ! "1.00 s

# ! "

Using the particle under constant velocity model, apply 
Equation 2.7 to give the car’s position at any time t :

xcar 5 x! 1 vx cart

A quick check shows that at t 5 0, this expression gives the car’s correct initial position when the trooper begins to 
move: xcar 5 x! 5 45.0 m.

The trooper starts from rest at t! 5 0 and accelerates at 
ax 5 3.00 m/s2 away from the origin. Use Equation 2.16 
to give her position at any time t :

         xf 5 xi 1 vxit 1 1
2axt 2

 x trooper 5 0 1 10 2 t 1 1
2axt 2 5 1

2axt 2

Set the positions of the car and trooper equal to repre-
sent the trooper overtaking the car at position ":

x trooper 5 xcar

   1
2axt 2 5 x ! 1 vx cart

 

▸ 2.7 c o n t i n u e d

continued

+x

1Serway & Jewett, “Physics for Scientists and Engineers”, pg 39.



Summary

• practice using the kinematics equations

First Test Thursday, Jan 30.

Homework

• Please bring a 30 cm ruler to class on Wednesday!

Walker Physics:

• Ch 2, onward from page 52. Problems: 65∗, 67, 121

• Read all of Ch 2.

∗Part (a) of this problem is unclear. Should read: “(a) How much time from
the moment his friend passes him does it take until he catches his friend?”


