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Last time

• graphs of kinematic quantities



Overview

• how to solve problems

• example & exercise



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.



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
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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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2.40 m/s2.
(a) How fast is the boat moving after accelerating for 5.00 s?

Given: a = 2.40 m/s2, v0 =1.50 m/s, t = 5.00 s
Want: vf

#»a avg =

#   »

∆v
∆t

=
#»v − #»v 0

∆t

Acceleration is constant, so #»a avg =
#»a

#»v = #»v 0 +
#»a t

= 13.5 m/s î
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Example 2.5
(b) How far has the boat traveled in this time?

32 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

The velocity of the boat in Example 2–5 is plotted as a function of time in
Figure 2–14, with the acceleration starting at time and ending at 
We will now show that the distance traveled by the boat from to is
equal to the corresponding area under the velocity-versus-time curve. This is a general
result, valid for any velocity curve and any time interval:

• The distance traveled by an object from a time to a time is equal to the
area under the velocity curve between those two times.

In this case, the area is the sum of the areas of a rectangle and a triangle.
The rectangle has a base of 5.00 s and a height of 1.50 m/s, which gives an area of

Similarly, the triangle has a base of 5.00 s and a
height of for an area of 

Clearly, the total area is 37.5 m, just as found in Example 2–5.
Staying with Example 2–5 for a moment, let’s repeat the calculation of part (b),

only this time for the general case. First, we use the final velocity from part (a), calcu-
lated with in the expression for the average velocity, 
Symbolically, this gives the following:

(constant acceleration)

Next, we substitute this result into Equation 2–10, which yields

Multiplying through by t gives the following result:

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

2–11

Here we have an expression for position versus time that is explicitly in terms of
the acceleration, a.

Note that each term in Equation 2–11 has the same dimensions, as they must.
For example, the velocity term, has the units Similarly, the
acceleration term, has the units 

EXERCISE 2–3
Repeat part (b) of Example 2–5 using Equation 2–11.

Solution

The next Example gives further insight into the physical meaning of Equa-
tion 2–11.

x = x0 + v0t + 1
2 at2 = 0 + 11.50 m/s215.00 s2 + 1

212.40 m/s2215.00 s22 = 37.5 m

1m/s221s22 = m.1
2 at2,

1m/s21s2 = m.v0t,

x = x0 + v0t + 1
2 at2

x = x0 + 1
21v0 + v2t = x0 + Av0 + 1

2 at Bt
1
21v0 + v2 = 1

2 [v0 + 1v0 + at2] = v0 + 1
2 at

vav = 1
21v0 + v2.v = v0 + at,

30.0 m.

1
215.00 s2112.0 m/s2 =113.5 m/s - 1.50 m/s2 = 12.0 m/s,

15.00 s211.50 m/s2 = 7.50 m.

t2t1

t = 5.00 st = 0
t = 5.00 s.t = 0

O 5 s
t

t

Area of triangle 
 = 1–2 (!v)t

v = 13.5 m/s

v

v0 = 1.50 m/s

Total area = 30.0 m + 7.50 m = 37.5 m

!v

 = 1–2 (13.5 m/s – 1.50 m/s) (5.00 s)
 = 30.0 m

Area of rectangle 
 = v0t
 = (1.50 m/s)(5.00 s) 
 = 7.50 m

FIGURE 2–14 Velocity versus time
for the boat in Example 2–5
The distance traveled by the boat
between and is equal
to the corresponding area under the
velocity curve.

t = 5.00 st = 0

▲
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#   »

∆x = 37.5 m î
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Example 2.5

Analyze answers:

(a) 13.5 m/s î. This one is a little bit bigger than my initial guess,
but it’s close. The units are correct. Seems reasonable.

(b) 37.5 m î. This is also bigger than my estimate, but it would
be since my guess for part (a) was small. Units are correct. Also
reasonable.



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?



Summary

• how to solve problems

• example & exercise

First Test next week Thursday, Jan 30.

Homework
• graphs multiple choice worksheet, *do on 882-E scantron
sheet*, due Wednesday, Jan 22.


