
The Track and Field Championship

Activity 5 Acceleration
What Do You Think?
Accelerating out of the starting blocks is
important if a runner is going to win a race.

• If all runners in a dash have equal top speeds and none
“fades” at the end of the race, what determines who wins?

• How is response time a factor in determining who wins 
the race?

Write your answers to these questions in your Active
Physics log. Be prepared to discuss your ideas with your
small group and other members of your class.

For You To Do
1. In this activity, you will use an

“accelerometer,” a device for measuring
acceleration. There are many kinds of
accelerometers. The diagram on the left
shows a “cork accelerometer.”

Explore how the accelerometer works by holding it in your
hands in front of you so that you can look down to see the
top of the cork in the bottle and liquid. Hold the
accelerometer upright so that the cork is centered.

2. Take the accelerometer for a walk. Observe any 
movement of the cork, especially as you start from a
resting position and speed up (accelerate). Walk at a
fairly constant speed, and then slow down to a stop
(decelerate). Try it a few times—starting, walking, and
stopping at normal rates.

a) Record your observations of the cork’s movement.

3. Repeat the above walk and observe what happens if you
start faster, if you walk faster at a constant speed, and
if you stop faster.

a) Record your observations in your log.

A cork attached 
to a string floats in 
a liquid-filled bottle.

Use only
plastic bottles to
construct
accelerometers.

GOALS
In this activity you will:

• Understand the
definition of
acceleration.

• Understand meters per
second per second as
the unit of acceleration.

• Use an accelerometer to
detect acceleration.

• Use an accelerometer to
make semi-quantitative
comparisons of
accelerations.

• Distinguish between
acceleration and
deceleration.
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4. Repeat the walk in Step 2, but walk backward.

a) Record your observations in your log.
5. Use your observations to answer the following questions in

your log.

Describe the amount and the direction the cork leans in each
of the following situations:

a) standing at rest
b) low acceleration while walking forward
c) high acceleration while walking forward
d) low constant speed while walking forward
e) high constant speed while walking forward
f) high deceleration (slowing down) while walking forward
g) low deceleration while walking forward

6. Someone said, “Deceleration while walking forward is the
same as acceleration while walking backward.”

a) Do you agree or disagree? Use your observations of the
accelerometer for your answer.

7. Set up a system to take the accelerometer
for a ride on a cart that is being pulled by
a falling weight, as shown in the diagram
to the right. Hang a weight on the string
and allow it to pull the cart as you observe
the accelerometer. Record your answers to
the questions below in your log.

a) Does the cart appear to accelerate? Does the
accelerometer tell you that it’s accelerating? 
How can you tell?

b) Does the accelerometer show that the acceleration is
constant or changing? How can you tell?

8. Repeat Step 7 using a larger weight to pull the cart. Answer
the following questions in your log:

a) How does the acceleration for the large weight compare with
the acceleration for the small weight? How can you tell?

b) Which produced a more steady, constant acceleration: using
the falling weights or walking with the accelerometer?
What evidence do you have for your answer?

Keep area under the
falling mass clear.
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PHYSICS TALK
Acceleration

The relationship between acceleration, speed, and
time can be written as:

Using symbols, the same relationship can be written as:

a = �
∆
∆
v
t
�

where
a = acceleration,
∆v = change in speed, and 
∆t = the time interval, or change in time, for the change

in speed to happen.

Sample Problem

A sprinter at the start of a race increases speed from
0 m/s to 5.0 m/s as the clock runs from 0 s to 2.0 s. Find
the sprinter’s acceleration.

Strategy: You can use the equation for acceleration.
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You can the write this equation to show the change in
speed from the initial to final speed and the time
interval.
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Givens:
vinitial = 0 m/s
vfinal = 5.0 m/s
tinitial = 0 s
tfinal = 2.0 s

Acceleration = Change in speed
Time interval

Physics Words
acceleration: the change
in velocity per unit time.

vector: a quantity that
has both magnitude and
direction.
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Solution:
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= 2.5 (m/s)/s or 2.5 m/s2

Mathematically, meters per second per second is equal to
meters per second squared. Therefore, when you use “m”
and “s” as abbreviations for meters and seconds, you can
shorten the unit of acceleration to m/s2. The following
ways of stating the unit of acceleration are the same:

(m/s)/s        m/s2

When speaking about acceleration, you can describe 
the unit as “meters per second squared” or “meters per
second every second.”

FOR YOU TO READ
Scalars and Vectors

Acceleration is defined as a change in
velocity with respect to time. In everyday
language, you probably use the words velocity
and speed interchangeably. In physics, the two
words have precise and distinct meanings.

Speed is a measure of how fast something is
moving.A runner’s speed may be 8 m/s or
9 m/s.Velocity is a measure of how fast and in
what direction something is moving.A runner’s
velocity may be 8 m/s north or 9 m/s east.

Acceleration is a change in velocity with
respect to time.Velocity can change when the
speed changes or when the direction changes
(or if both change).The accelerometer in the
activity indicated acceleration when the speed
of the cart changed.The accelerometer will also
indicate acceleration when the cart changes
direction.You can hold the accelerometer in
your hand.As you rotate, you will notice that
the cork leans toward the center of the circle
indicating that there is an acceleration.

Quantities in physics that have magnitude (e.g.,
8 m/s) and direction (e.g., east) are called
vectors.Velocity is an example of a vector

➔
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quantity.Acceleration and displacement are
also vectors. Displacement is a vector because a
person can run 50 m north or 50 m toward 
the goal.

Some quantities don’t have direction.You may be
17 years old.The temperature may be 66°.There
may be 29 students in your physics class. None
of these values have direction and are referred
to as scalars. Distance and speed are also
scalars.A distance of 1200 m or 3 cm does not
have any direction.A speed of 22 m/s also has no
direction and is a scalar. (This is why physicists
mean different things by velocity and speed.)

The wear and tear on your shoes or the tires
of your car can be a measure of the distance
you have traveled.The odometer of your car
measures the distance your car has traveled, in
all directions.The speedometer on your car
measures the speed of your car, while traveling
in any direction.

Imagine you drive 30 mi. to the east at 30 mph
and then drive 30 mi. west on your way back
home at 30 mph.Your total distance traveled is
60 mi. and your average speed is 30 mph for
two hours.Your total displacement will be zero
and your average velocity will be zero.Your
total displacement is zero because you ended
up in the same position as you began.Your
average velocity can be zero because you
traveled at 30 mph east for the first hour and
then you traveled 30 mph west (or –30 mph)
for the second hour.

A runner in the 1600-m race covers a distance
of 1600 m. Her displacement is 0 m if she ends
up in the same place that she began. (This is
the case if the race is run on an oval track.) 

If she runs the 1600 m in 300 s, then you can
calculate her average speed.
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You can also calculate her average velocity,
which is in sharp contrast to her speed.
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Reflecting on the Activity and the Challenge
You now know a lot more about acceleration. Since a race
always begins with a speed of zero and ends with runners in
motion, acceleration is part of every race. Depending on the
distance of a race, acceleration may go up, go down, or
disappear several times during the race. One runner may have
more acceleration than another runner at the start of a race, or
one runner’s acceleration may change during a race. Do the
athletes on your school’s track team know about acceleration?
If not, maybe they should, and perhaps you can help them.

Physics To Go
1. Is there anything in nature that has constant acceleration?
2. If Carl Lewis were to carry a cork accelerometer during the

start of a sprint, describe what the accelerometer would do.
3. Did Carl Lewis accelerate for the entire 100 m of his world-

record dash? Explain his pattern of accelerations.
4. If you are running, getting tired, and slowing down, are you

accelerating? Explain your answer.
5. When you throw a ball straight up in the air, what is the

direction of its acceleration while it is going up? While it is
coming down?

6. What additional tips could you give your school’s track team
as a result of this activity?

The introduction of vector and scalar
quantities may seem to make things more
complicated than they need to be.As you
analyze more complex situations, like throwing
a javelin or high jumping, the use of vectors will
make these descriptions easier. Mathematics is
only introduced in physics when it simplifies
analysis of a situation and makes things clearer.

Scalar Vector
Quantities Quantities

Distance Displacement

Speed Velocity

Time Acceleration

Mass Force (mass x acceleration)

Momentum (mass x velocity)

Energy

Work

Physics Words
scalar: a quantity that has
magnitude, but no
direction.

displacement: the
difference in position
between a final position
and an initial position; it
depends only on the
endpoints, not on the
path; displacement is a
vector; it has magnitude
and direction.
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7. Which of the following terms represent scalar quantities
and which are vector quantities? Explain your choice for
each.
a) force
b) displacement
c) distance
d) acceleration

8. A student walks 3 blocks south, 4 blocks west, and 3 blocks
north. What is the displacement of the student?

9. A person travels 6 m north, 4 m east, and 6 m south. What
is the total displacement?

10. If a woman runs 100 m north and then 70 m south, what is
her total displacement?

11. Which of the following statements about the movement of
an object with zero acceleration are true and which are
false? For each statement, explain why you indicated it to
be true or false.
a) The object may be speeding up.
b) The object may be in motion.
c) The object must be at rest.
d) The object may be slowing down.

12. Carl Lewis began at rest and reached a speed of 9.26 m/s
after 1.96 s of the race. Calculate his acceleration, assuming
that it was constant during this time.

13. Objects in free fall that are not affected by air resistance
have acceleration due to gravity of 9.8 m/s2. Calculate the
final velocity that a falling object will have after:
a) 1.0 s     b) 2.0 s     c) 3.0 s     d) 4.0 s     e) 5.0 s

14. The javelin reaches a speed of 30.0 m/s within 0.6 s. What
is the acceleration of the javelin?

15. During the 100-m run, Carl Lewis decreased his speed late
in the race. His speed decreased from 11.9 m/s to 11.5 m/s in
0.87 s. What was his acceleration during that time interval?

16. A pole-vaulter manages to get over a 5.0-m bar. The
acceleration due to gravity is 9.8 m/s2.
a) When he falls from that height, how fast will he be going

after 0.5 s?
b) What will be his average speed after 0.5 s?
c) How far will he have fallen after 0.5 s?
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