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Last time

• graphing kinematic quantities against time



Overview

• more about graphs of kinematic quantities vs time

• how to solve problems & using a graph



Reminder: Graphing Kinematic Quantities

One very convenient way of representing motion is with graphs
that show the variation of these kinematic quantities with time.

Time is written along the horizontal axis – we are representing
time passing with a direction in space (the horizontal direction).



Relating Graphs

 2.4 Acceleration 33

Conceptual Example 2.5    Graphical Relationships Between x, vx, and ax

The position of an object moving along the x axis varies with time as in Figure 2.8a. Graph the velocity versus time and 
the acceleration versus time for the object.

The velocity at any instant is the slope of the tangent 
to the x–t graph at that instant. Between t 5 0 and t 5 
t!, the slope of the x–t graph increases uniformly, so 
the velocity increases linearly as shown in Figure 2.8b. 
Between t! and t", the slope of the x–t graph is con-
stant, so the velocity remains constant. Between t" and 
t#, the slope of the x–t graph decreases, so the value of 
the velocity in the vx–t graph decreases. At t#, the slope 
of the x–t graph is zero, so the velocity is zero at that 
instant. Between t# and t$, the slope of the x–t graph 
and therefore the velocity are negative and decrease uni-
formly in this interval. In the interval t$ to t%, the slope 
of the x–t graph is still negative, and at t% it goes to zero. 
Finally, after t%, the slope of the x–t graph is zero, mean-
ing that the object is at rest for t . t%.
 The acceleration at any instant is the slope of the tan-
gent to the vx–t graph at that instant. The graph of accel-
eration versus time for this object is shown in Figure 2.8c. 
The acceleration is constant and positive between 0 and 
t!, where the slope of the vx–t graph is positive. It is zero 
between t! and t" and for t . t% because the slope of the 
vx–t graph is zero at these times. It is negative between 
t" and t$ because the slope of the vx–t graph is negative 
during this interval. Between t$ and t%, the acceleration 
is positive like it is between 0 and t!, but higher in value 
because the slope of the vx–t graph is steeper.
 Notice that the sudden changes in acceleration shown in Figure 2.8c are unphysical. Such instantaneous changes 
cannot occur in reality.
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Figure 2.8 (Conceptual Example 2.5) (a) Position–time graph 
for an object moving along the x axis. (b) The velocity–time graph 
for the object is obtained by measuring the slope of the position–
time graph at each instant. (c) The acceleration–time graph for 
the object is obtained by measuring the slope of the velocity–time 
graph at each instant.

Pitfall Prevention 2.4
Negative Acceleration Keep in 
mind that negative acceleration does 
not necessarily mean that an object is 
slowing down. If the acceleration is 
negative and the velocity is nega-
tive, the object is speeding up!

Pitfall Prevention 2.5
Deceleration The word deceleration 
has the common popular connota-
tion of slowing down. We will not 
use this word in this book because 
it confuses the definition we have 
given for negative acceleration.

down! It is very useful to equate the direction of the acceleration to the direction 
of a force because it is easier from our everyday experience to think about what 
effect a force will have on an object than to think only in terms of the direction of 
the acceleration.

Q uick Quiz 2.4 If a car is traveling eastward and slowing down, what is the direc-
tion of the force on the car that causes it to slow down? (a) eastward (b) west-
ward (c) neither eastward nor westward

 From now on, we shall use the term acceleration to mean instantaneous accelera-
tion. When we mean average acceleration, we shall always use the adjective average.
Because vx 5 dx/dt, the acceleration can also be written as

 ax 5
dvx

dt
5

d
dt
adx

dt
b 5

d2x
dt 2  (2.12)

That is, in one-dimensional motion, the acceleration equals the second derivative of 
x with respect to time.

 



Matching Velocity to Acceleration Graphs

38 Chapter 2 Motion in One Dimension

Q uick Quiz 2.6 In Figure 2.12, match each vx–t graph on the top with the ax–t 
graph on the bottom that best describes the motion.

Example 2.7   Carrier Landing 

A jet lands on an aircraft carrier at a speed of 140 mi/h (< 63 m/s).

(A) What is its acceleration (assumed constant) if it stops in 2.0 s due to an arresting cable that snags the jet and 
brings it to a stop?

You might have seen movies or television shows in which a jet lands on an aircraft carrier and is brought to rest sur-
prisingly fast by an arresting cable. A careful reading of the problem reveals that in addition to being given the initial 
speed of 63 m/s, we also know that the final speed is zero. Because the acceleration of the jet is assumed constant, we 
model it as a particle under constant acceleration. We define our x axis as the direction of motion of the jet. Notice that we 
have no information about the change in position of the jet while it is slowing down.

AM
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Analysis Model   Particle Under Constant Acceleration
Examples

along a straight freeway

resistance (Section 2.7)

acts (Chapter 5)

field (Chapter 23)

Imagine a moving object that can be modeled as a particle. If it 
begins from position xi and initial velocity vxi and moves in a straight 
line with a constant acceleration ax, its subsequent position and 
velocity are described by the following kinematic equations: 

 vxf 5 vxi 1 axt (2.13)

 vx,avg 5
vxi 1 vxf

2
  (2.14)

 xf 5 xi 1 1
2 1vxi 1 vxf 2 t (2.15)

 xf 5 xi 1 vxit 1 1
2axt 2 (2.16)

 vxf
2 5 vxi

21 2ax(xf 2 xi) (2.17)
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Figure 2.12 (Quick Quiz 2.6)  
Parts (a), (b), and (c) are vx–t graphs 
of objects in one-dimensional 
motion. The possible accelerations 
of each object as a function of time 
are shown in scrambled order in (d), 
(e), and (f).



More Graph Matching Questions
Which of the following position-time graphs corresponds to this
velocity-time graph?

A B C D

1Figures from Leduc, “Cracking the AP Physics B Exam” Princeton Review.



More Graph Matching Questions

Sketch the velocity-time graph that corresponds to this
position-time graph:



More Graph Matching Questions
Sketch the velocity-time graph that corresponds to this
position-time graph:



How to solve problems

Solving physics problems is often not simple.

To get into good habits for future work in physics, we will follow a
set process.

This process is similar to the process that physicists and engineers
go through solving problems, sometimes only mentally, sometimes
explicitly.

(Also have a look at the similar process and examples on page 12
of the textbook.)



How to solve problems
1 Draw a diagram, sketch, or graph showing the situation in the

question.

2 Make a hypothesis or estimate of what the answer will be.
3 Solve the question or problem:

a If it’s a ‘question’ -
i Explanation or proof; make sure that the principles used are clearly
stated.

b If it’s a ‘problem’ -
i Write out quantities given in question and quantity asked for.
ii Write out the equation(s) you will use. (Start from equations we

have discussed in class.)
iii Do any required algebra.
iv Plug in givens and solve.
v Check units.

4 Analyze answer as appropriate.
a Compare answer to hypothesis - if it is not the same try to

explain why.
b Is your answer reasonable? / Compare to other things your are

familiar with.
c Consider limits or special cases.
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Example 2.5 (from the textbook)

A boat moves slowly inside a marina (so as not to leave a wake)
with a constant speed of 1.50 m/s. As soon as it passes the
breakwater, leaving the marina, it throttles up and accelerates at
2.40 m/s2.
(a) How fast is the boat moving after accelerating for 5.00 s?
(b) How far has the boat traveled in this time?

Sketch:

2–5 MOTION WITH CONSTANT ACCELERATION 31

PROBLEM-SOLVING NOTE

“Coordinate” the Problem

The first step in solving a physics prob-
lem is to produce a simple sketch of the
system. Your sketch should include a
coordinate system, along with an origin
and a positive direction. Next, you
should identify quantities that are given
in the problem, such as initial position,
initial velocity, acceleration, and so on.
These preliminaries will help in produc-
ing a mathematical representation of the
problem.

EXAMPLE 2–5 Full Speed Ahead
A boat moves slowly inside a marina (so as not to leave a wake) with a constant speed of 1.50 m/s. As soon as it passes the break-
water, leaving the marina, it throttles up and accelerates at (a) How fast is the boat moving after accelerating for 5.00 s?
(b) How far has the boat traveled in this time?

Picture the Problem
In our sketch we choose the origin to be at the breakwater,
and the positive x direction to be the direction of motion.
With this choice the initial position is and the initial
velocity is 

Strategy
The acceleration is constant, so we can use Equations 2–7 to
2–10. In part (a) we want to relate velocity to time, so we use
Equation 2–7, In part (b) our knowledge of the
initial and final velocities allows us to relate position to time
using Equation 2–10, 

Solution
Part (a)

1. Use Equation 2–7 with and 

Part (b)

2. Apply Equation 2–10, using the result for v obtained in part (a):

Insight
Since the boat has a constant acceleration between and its velocity-versus-time curve is linear during this time
interval. As a result, the average velocity for these 5.00 seconds is the average of the initial and final velocities,

Multiplying the average velocity by the time, 5.00 s, gives the distance traveled—
which is exactly what Equation 2–10 does in Step 2.

Practice Problem
At what time is the boat’s speed equal to 10.0 m/s? [Answer: ]

Some related homework problems: Problem 42, Problem 43

t = 3.54 s

vav = 1
211.50 m/s + 13.5 m/s2 = 7.50 m/s.

t = 5.00 s,t = 0

 = 17.50 m/s215.00 s2 = 37.5 m

 = 0 + 1
211.50 m/s + 13.5 m/s215.00 s2 x = x0 + 1

21v0 + v2t
 = 1.50 m/s + 12.0 m/s = 13.5 m/s

 v = v0 + at = 1.50 m/s + 12.40 m/s2215.00 s2a = 2.40 m>s2:v0 = 1.50 m>s,

x = x0 + 1
21v0 + v2t.v = v0 + at.

v0 = 1.50 m>s.
x0 = 0,

2.40 m>s2.

x

Breakwater
a = 2.40 m/s2

constant) from at to v at some later time t. The average velocity during
this period of time is simply the average of the initial and final velocities; that is,
the sum of the two velocities divided by two:

Constant-Acceleration Equation of Motion: Average Velocity

2–9

The average velocity is indicated in the figure. Note that if the acceleration is not
constant, as in Figure 2–13 (b), this simple averaging of initial and final velocities
is no longer valid.

Substituting the expression for from Equation 2–9 into Equation 2–8 yields

Constant-Acceleration Equation of Motion: Position as a Function of Time

2–10

This equation, like Equation 2–7, is valid only for constant acceleration. The utility
of Equations 2–7 and 2–10 is illustrated in the next Example.

x = x0 + 1
21v0 + v2t

vav

vav = 1
21v0 + v2

t = 0v0

WALKMC02_0131536311.QXD  12/9/05  3:26  Page 31

1Walker, pg 31.
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Example 2.5

A boat moves slowly inside a marina (so as not to leave a wake)
with a constant speed of 1.50 m/s. As soon as it passes the
breakwater, leaving the marina, it throttles up and accelerates at
2.40 m/s2.
(a) How fast is the boat moving after accelerating for 5.00 s?
(b) How far has the boat traveled in this time?

Hypothesis:

(a) 10 m/s. (Must be bigger than 1.50 m/s, but there’s only so
fast a boat can go.)

(b) 30 m. If the average speed is about 6 m/s (between 1.50 and
10 m/s) multiply that by 5 s to get 30 m.

1Walker, pg 31.
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Want: vf

1Walker, pg 31.
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Example 2.5

(b) How far has the boat traveled in this time?



Example 2.5

Analyze answers:



Now You Try It

A car is traveling along a straight road at 11 m/s and accelerates
at a constant rate of 1.8 m/s2. How long does it take to reach a
speed of 20 m/s?



How to solve problems

1 Draw a diagram, sketch, or graph showing the situation in the
question.

2 Make a hypothesis or estimate of what the answer will be.

3 Solve the question or problem:
a Here, it’s a ‘problem’ -

i Write out quantities given in question and quantity asked for.
ii Write out the equation(s) you will use. (Start from equations we

have discussed in class.)
iii Do any required algebra.
iv Plug in givens and solve.
v Check units.

4 Analyze answer as appropriate.

a Compare answer to hypothesis - if it is not the same try to
explain why.

b Is your answer reasonable? / Compare to other things your are
familiar with.

c Consider limits or special cases.



Summary

• graphing kinematic quantities

Homework
• graphs multiple choice worksheet, *do on 882-E scantron
sheet*, due ?

Walker Physics:

• Ch 2, onward from page 47. Probs: 36∗, 37

∗Ans for 26: (a) which has the steepest slope?, (b) 1 m/s, (c) 2 m/s,
(d) 0.5 m/s


