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Last time

• acceleration

• the kinematics equations (constant acceleration)



Overview

• the kinematics equations (constant acceleration), continued

• a harder kinematics example



Example 2-6, page 34

A drag racer starts from rest and accelerates at 7.40 m/s2. How
far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Sketch:

2–5 MOTION WITH CONSTANT ACCELERATION 33

EXAMPLE 2–6 Put the Pedal to the Metal
A drag racer starts from rest and accelerates at How far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Picture the Problem
We set up a coordinate system in which the drag racer starts
at the origin and accelerates in the positive x direction. With
this choice, it follows that and Also,
since the racer starts from rest, its initial velocity is zero,

Incidentally, the positions of the racer in the sketch
have been drawn to scale.
Strategy
Since this problem gives the acceleration, which is constant,
and asks for a relationship between position and time, we
use Equation 2–11.

Solution
Part (a)

1. Evaluate Equation 2–11 with and 

Part (b)

2. From the calculation in part (a), Equation 2–11 reduces 
to in this situation. Evaluate at 

Part (c)

3. Repeat with 

Insight
This Example illustrates one of the key features of accelerated motion—position does not change uniformly with time when an
object accelerates. In this case, the distance traveled in the first two seconds is 4 times the distance traveled in the first second,
and the distance traveled in the first three seconds is 9 times the distance traveled in the first second. This kind of behavior is a
direct result of the fact that x depends on when the acceleration is nonzero.

Practice Problem
In one second the racer travels 3.70 m. How long does it take for the racer to travel 
[Answer: ]

Some related homework problems: Problem 44, Problem 59

t = 22 s = 1.41 s
213.70 m2 = 7.40 m?

t2

 = 1
217.40 m/s2213.00 s22 = 33.3 m = 913.70 m2 x = 1
2 at2t = 3.00 s:

 = 1
217.40 m/s2212.00 s22 = 14.8 m = 413.70 m2t = 2.00 s:x = 1

2 at2x = 1
2 at2

 x = 1
2 at2

 x = 1
217.40 m/s2211.00 s22 = 3.70 m

 x = x0 + v0t + 1
2 at2 = 0 + 0 + 1

2 at2 = 1
2 at2t = 1.00 s:a = 7.40 m/s2

v0 = 0.

a = +7.40 m/s2.x0 = 0

7.40 m/s2.

x

t = 0.00 t = 2.00 s t = 3.00 st = 1.00 s

O

Figure 2–15 shows a graph of x versus t for Example 2–6. Notice the parabolic
shape of the x-versus-t curve, which is due to the term, and is characteristic of
constant acceleration. In particular, if acceleration is positive then a plot
of x-versus-t curves upward; if acceleration is negative a plot of x-versus-
t curves downward. The greater the magnitude of a, the greater the curvature. In
contrast, if a particle moves with constant velocity the dependence van-
ishes, and the x-versus-t plot is a straight line.

Our final equation of motion with constant acceleration relates velocity to
position. We start by solving for the time, t, in Equation 2–7:

Next, we substitute this result into Equation 2–10, thus eliminating t:

Noting that we have

x = x0 +
v2 - v0 

2

2a

1v0 + v21v - v02 = v0v - v0
 2 + v2 - vv0 = v2 - v0

 2,

x = x0 + 1
21v0 + v2t = x0 + 1

21v0 + v2a v - v0

a
b

v = v0 + at or t =
v - v0

a

t21a = 021a 6 02,1a 7 02,1
2 at2
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▲ FIGURE 2–15 Position versus time for
Example 2–6
The upward-curving, parabolic shape of
this x-versus-t plot indicates a positive,
constant acceleration. The dots on the
curve show the position of the drag racer
in Example 2–6 at the times 1.00 s, 2.00 s,
and 3.00 s.
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Using the Kinematics Equations

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 2-6, page 34

A drag racer starts from rest and accelerates at 7.40 m/s2. How
far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Given: a = 7.40 m/s2, v0 = 0 m/s, t.
Asked for: ∆x

Strategy: Use equation

∆x = x(t) − x0 = v0t +
1

2
at2

(a) Letting the x-direction in my sketch be positive:

∆x = �
��

0
v0 t +

1

2
at2

=
1

2
(7.40 m/s2)(1.00 s)2

= 3.70 m

1Walker “Physics”, pg 33.
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Example 2-6, page 34
A drag racer starts from rest and accelerates at 7.40 m/s2. How
far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Use the same equation for (b), (c)

∆x = x(t) − x0 = v0t +
1

2
at2

(b) ∆x =
1

2
at2

=
1

2
(7.40 m/s2)(2.00 s)2

= 14.8 m

(c) ∆x =
1

2
at2

=
1

2
(7.40 m/s2)(3.00 s)2

= 33.3 m



Example 2-6, page 34

(a) 3.70 m, (b) 14.8 m, (c) 33.3 m

Analysis:
It makes sense that the distances covered by the car increases with
time, and it makes sense that the distance covered in each one
second interval is greater than the distance covered in the previous
interval since the car is still accelerating.

The distance covered over 3 seconds is 9 times the distance
covered in 1 second.

The car covers ∼ 30 m in 3 s, giving an average speed of ∼ 10 m/s.
We know cars can go much faster than this, so the answer is not
unreasonable.

1Walker “Physics”, pg 33.



The Kinematics Equations: the “no-initial-velocity”
equation

Exercise for you: try to prove this equation.

For constant acceleration:

x(t) = x0 + vt −
1

2
at2 (4)



The Kinematics Equations: the “no-time” equation

The last equation we will derive is a scalar equation.

∆x =

(
v0 + v

2

)
t

We could also write this as:

(∆x) =

(
v0 + v

2
t

)
where ∆x , vi , and vf could each be positive or negative.
We do the same for equation (1):

v = (v0 + at)

Rearranging for t:

t =
v − v0

a



The Kinematics Equations: the “no-time” equation

The last equation we will derive is a scalar equation.
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The Kinematics Equations: the “no-time” equation

t =
v − v0

a
; ∆x =

(
v0 + v

2

)
t

Substituting for t in our ∆x equation:

∆x =

(
v0 + v

2

)(
v − v0

a

)
2a∆x = (v0 + v)(v − v0)

so,

v2 = v20 + 2 a∆x (5)



The Kinematics Equations Summary

For constant acceleration:

v = v0 + at

∆x = v0t +
1

2
at2

∆x = vt −
1

2
at2

∆x =
v0 + v

2
t

v2 = v20 + 2 a∆x

For zero acceleration:

x = vt



Example

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).

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

∆x = vt −
1

2
at2
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Example

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 = vt −
1

2
at2

1

2
at2 = vt −∆x

a =
2(vt −∆x)

t2

=
2(0 − 55.0 mi)

(4.33 s)2

a = −5.87 m/s2 i

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

Sample Prob 2.04, HRW 10th ed

A popular web video shows a jet airplane, a car, and a motorcycle
racing from rest along a runway. Initially the motorcycle takes the
lead, but then the jet takes the lead, and finally the car blows past
the motorcycle.

Consider just the car and motorcycle. The motorcycle first takes
the lead because its (constant) acceleration am = 8.40 m/s2 is
greater than the car’s (constant) acceleration ac = 5.60 m/s2, but
it soon loses to the car because it reaches its greatest speed
vm = 58.8 m/s before the car reaches its greatest speed
vc = 106 m/s. How long does the car take to reach the
motorcycle?



Harder Kinematics Equations Example

Additional examples, video, and practice available at WileyPLUS

Another Look at Constant Acceleration*
The first two equations in Table 2-1 are the basic equations from which the others
are derived. Those two can be obtained by integration of the acceleration with
the condition that a is constant. To find Eq. 2-11, we rewrite the definition of ac-
celeration (Eq. 2-8) as

dv ! a dt.

We next write the indefinite integral (or antiderivative) of both sides:

Since acceleration a is a constant, it can be taken outside the integration.We obtain

or v ! at " C. (2-25)

To evaluate the constant of integration C, we let t ! 0, at which time v ! v0.
Substituting these values into Eq. 2-25 (which must hold for all values of t,
including t ! 0) yields

v0 ! (a)(0) " C ! C.

Substituting this into Eq. 2-25 gives us Eq. 2-11.
To derive Eq. 2-15, we rewrite the definition of velocity (Eq. 2-4) as

dx ! v dt

and then take the indefinite integral of both sides to obtain

!dx ! !v dt.

!dv ! a !dt

!dv ! !a dt.

26 CHAPTER 2 MOTION ALONG A STRAIGHT LINE

that at t ! 7.00 s the plot for the motorcycle switches from
being curved (because the speed had been increasing) to be-
ing straight (because the speed is thereafter constant).

Figure 2-11 Graph of position versus time for car and motorcycle.

*This section is intended for students who have had integral calculus.
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To finish the calculation, we substitute Eqs. 2-20, 2-22, and 
2-23 into Eq. 2-19, obtaining

(2-24)

This is a quadratic equation. Substituting in the given data,
we solve the equation (by using the usual quadratic-equa-
tion formula or a polynomial solver on a calculator), finding
t ! 4.44 s and t ! 16.6 s.

But what do we do with two answers? Does the car pass
the motorcycle twice? No, of course not, as we can see in the
video. So, one of the answers is mathematically correct but
not physically meaningful. Because we know that the car
passes the motorcycle after the motorcycle reaches its maxi-
mum speed at t ! 7.00 s, we discard the solution with t #
7.00 s as being the unphysical answer and conclude that the
passing occurs at

(Answer)

Figure 2-11 is a graph of the position versus time for
the two vehicles, with the passing point marked. Notice

t ! 16.6 s.

1
2act2 !

1
2

vm
2

am
" vm(t $ 7.00 s).



Harder Kinematics Equations Example
constant accelerations: am = 8.40 m/s2, ac = 5.60 m/s2

top speeds: vm = 58.8 m/s, vc = 106 m/s

How long does the car take to reach the motorcycle?

Car catches up when their positions are the same.

xc = xm

The car we shall assume accelerates the entire time, starting from
rest, so:

xc =
1

2
act

2

The motorcycle has two portions of motion: constant acceleration,
and constant velocity

xm =
1

2
amt

2
1 + vm(t − t1)

where t1 is the time for the motorcycle to reach its maximum
speed.



Harder Kinematics Equations Example
constant accelerations: am = 8.40 m/s2, ac = 5.60 m/s2

top speeds: vm = 58.8 m/s, vc = 106 m/s

How long does the car take to reach the motorcycle?

Car catches up when their positions are the same.

xc = xm

The car we shall assume accelerates the entire time, starting from
rest, so:

xc =
1

2
act

2

The motorcycle has two portions of motion: constant acceleration,
and constant velocity

xm =
1

2
amt

2
1 + vm(t − t1)

where t1 is the time for the motorcycle to reach its maximum
speed.



Harder Kinematics Equations Example
constant accelerations: am = 8.40 m/s2, ac = 5.60 m/s2
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Harder Kinematics Equations Example
How long does the motorcycle take to reach its maximum speed,
starting from rest?

vm = amt1

t1 =
vm
am

(= 7.00 s)

xc = xm
1

2
act

2 =
1

2
amt

2
1 + vm(t − t1)

1

2
act

2 =
1

2

v2m
am

+ vm(t −
vm
am

)

Solving this quadratic equation gives:

t = 16.6 s

and t = 4.44 s ← rejected - why?
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Harder Kinematics Equations Example

t = 16.6 s

Check: we assumed that the car accelerates during this whole
time. Is that right?

v = act = 92.96 m/s < vc

Yes, the car has not yet reached its maximum speed it passes the
motorcycle.

If the car’s maximum speed was lower, say 85 m/s, would it still
catch the motorcycle? Earlier or later?
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t = 16.6 s

Check: we assumed that the car accelerates during this whole
time. Is that right?
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Summary

• Kinematics equations

Quiz Thursday.

Homework
• previously set: Ch 2, Problems: 19, 21, 23, 25, 31, 35, 41, 69,

73

• Ch 2 Problems: 45, 49, 63, 89 (free fall - you can wait until
tomorrow to do these if you like)


