
The Track and Field Championship

GOALS
In this activity you will:

• Calculate the average
speed of a runner given
distance and time. 

• Produce a histogram
showing the average
speeds of a runner during
segments of a race;
analyze changes in the
runner’s speed.

• Produce a graph of
distance versus time from
split time data for a
runner.

• Estimate the slope of a
distance versus time graph
at specified times.

• Recognize that the slope
of a distance versus time
graph at a particular time
represents the speed at
that time.

What Do You Think?
It was not believed to be humanly possible to
run a mile in less than four minutes until
Roger Bannister of England did it in 1954.

• How much time does it take to get “up to speed”?

Take a few minutes to write an answer to this question in
your Active Physics log. Discuss your answer with your
small group to see if you agree or disagree. Be prepared to
discuss your group’s ideas with the class.

For You To Do
1. Carl Lewis established a world record for

the 100-m dash at the World Track and
Field Championships held in Tokyo, Japan,
in 1991. The times at which he reached

various distances in the race (his “split times,” or “splits”)
are shown in the table below.

Distance
(meters) 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Time
(seconds) 0.00 1.88 2.96 3.88 4.77 5.61 6.45 7.29 8.13 9.00 9.86
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a) In your log, copy and complete the table
to the right. Use subtraction to
calculate the time taken by Carl Lewis
to run each 10 m of distance during the
race.

b) Calculate Lewis’s average speed during
each 10 m of the race. The values of the
time interval and the average speed
have been entered in the table for the
first 10 m of the dash.

2. Use the data you created for the above table to
make a bar graph to give you a visual display of
Carl Lewis’s average speed during each 10 m of
his world-record 100-m dash. Use a piece of
graph paper set up as shown to the right.

a) Tape or copy the bar graph in your log.
3. Analyze the bar graph to answer these questions:

a) At what position in the dash did Lewis reach
top speed? How close can you state that
position to the nearest meter? to the nearest
10 m? Explain your answer.

b) How well did Carl Lewis keep his top speed
once he reached it? Did he seem to be getting tired at the
end of the race? Give evidence for your answers.

c) Can you tell how fast Lewis was going at an exact position
in the race, such as at 15.0 m or 20.0 m? Why or why not?

d) It took 9.86 s for Lewis to run the entire 100 m. Calculate
his overall average speed. Draw a horizontal line across
the bar graph at an appropriate height to represent the
average speed for the entire race. Compare the height of
each bar on the graph with the height of the line. Explain
what the comparisons mean.

4. Use the “splits” given at the start of this activity to plot a
graph of Carl Lewis’s position versus time.

a) On a piece of graph paper, make a vertical distance scale
from 0 to 100 m and a horizontal time scale from 0 to 10 s.
Plot each position at the appropriate time and connect the
points to show what you think is the shape of the graph.
Tape or copy the graph in your log.
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Carl Lewis’s World Record 
100-m Dash Average Speed,

10-m Intervals

Distance
(meters)

0.0–10.0

10.0–20.0

80.0–90.0

90.0–100.0

Time Interval
(seconds)

1.88

Average Speed
(meters/second)

5.32
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5. Compare the distance versus time graph with the bar graph
of speed versus distance.

a) When the distance versus time graph is curving early 
in the run, do the bars on the bar graph change in 
height or are they fairly steady in height? What does 
this comparison mean? When the graph is climbing in a
straight line, what is happening to the heights of the bars
on the bar graph? What does this comparison mean?

b) Someone said, “The slope, or steepness, of a distance
versus time graph at any instant is the speed at that
instant.” Do you believe this statement? Why or why not?

c) Describe the slope, or steepness, of the distance versus
time graph each second (1.00 s, 2.00 s, 3.00 s, and so on)
during Lewis’s record run.

Reflecting on the Activity and the Challenge
In this activity you saw two different ways to analyze in 
detail the speed of a runner during a race. If you had split-time
information for runners in sprint events for your school’s track
team, you could help the runners find out, for example, if they
are “letting up” at the end of a race or how rapidly they are
reaching top speed.

With more knowledge about details of their performances,
your school’s runners may find that they can improve parts 
of their races.

PHYSICS TALK

Speed = Distance traveled
Time elapsed

On a distance versus time graph, the speed is equal to the
slope of the graph.
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Physics To Go
1. If you were to design a track for a toy car to run as in

Activity 3 to simulate Carl Lewis’s 100-m dash, what shape
would you design for the track?

2. For long distances, humans can run at a constant speed of
about 6 m/s, pigs at about 4 m/s, and horses at 20 m/s. Sketch
a distance versus time graph with three lines showing a
person, a pig, and a horse running for 100 s.

3. Sketch a distance versus time graph for a person who is not
moving at all.

4. In a 2 × 100-m relay race, Joan ran the first 100 m at a speed
of 5 m/s and then Rami ran the next 100 m at a speed of 10 m/s.
What was the average speed for the entire relay race?
(Hint: It is not 7.5 m/s.)

5. Do you think it is possible for a runner to keep
increasing speed for an entire race as a strategy to win?

6. Examine what excellent runners do in long-distance 
races. On the right is a chart of Eamonn Coghlan’s split
time and total time every 200 m in a mile (1609-m) race.
a) Use the total times listed to calculate Coghlan’s

average speed for distances of 200, 400, 800, and 1000
m distances during his run.

b) Compare Coghlan’s average speeds for distances of
200, 400, 800, and 1000 m with the average speeds of
Penn Relays record holders at the same distances.
(Penn Relays record average speeds for various
distances are listed in Activity 1.) What patterns do you
see in the comparison? At what distances was Coghlan’s
speed getting closest to world-record speed?

c) Use Coghlan’s split times to identify the distance interval
(0–200 m, 200–400 m, 400–600 m, and so on) when he had
the greatest average speed. Also identify the interval of
lowest average speed.

d) You found out in this activity that Carl Lewis slowed down
slightly near the end of his record 100-m dash. Did
Eamonn Coghlan do the same thing near the end of his
mile run? Use data in your answer.

e) How could you use data about Coghlan’s performance to
give advice to members of your school’s track team who
enter long-distance events?

Distance Split Time Total Time
(m) (s) (s)

0 0.00 0.00

200 29.23 29.23

400 29.87 59.10

600 30.09 89.19

800 30.25 119.44

1000 29.88 149.32

1200 29.90 179.22

1400 29.38 208.60

1600 29.55 238.15
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