Exploration Guide: Distance-Time and Velocity-Time Graphs
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A distance-time (or position-time) graph describes where an object was located at different moments in time. But what does a distance-time graph tell you about how quickly that object was moving? What would a graph look like that actually graphed velocity vs. time? In this Gizmo™, you can explore both of these types of graphs for a runner in a 40-yard dash. 

Distance-Time Graphs

The runner at the bottom of the Gizmo is about to run a 40-yard dash. The graph on the right plots the runner's distance from the starting line on the vertical axis, and time on the horizontal. You can drag the points on the graph and then watch how changes to the graph affect the runner. 

1. On the CONTROLS pane, make sure Number of Points is set to 2, and Show graph and Show animation for Runner 1 are on. The graph for Runner 1 should contain the points (0 seconds, 0 yards) and to (4 seconds, 40 yards). On the stopwatch, click the green start button to see Runner 1 run the 40-yard dash. (To see a replay, click the red reset button, and then click start.) 

a. After you watch the runner run, consider individual points on the graph. What does the point (4, 40) on the graph tell you about the runner? Be specific, and write your answer in a complete sentence. 

b. What does the point (0, 0) tell you about the runner? 

Where on the track is the runner after 2 seconds of running? Explain how you can tell from the graph. 


c. When is the runner on the 30-yard line? Explain how the graph tells you. 

d. 
e. Drag the vertical green probe to the appropriate locations on the graph to see "snapshots" of the runner at different moments during the race. Were your answers correct? 

2. Click reset (red button) and then lower the point at (4 seconds, 40 yards) to (4 seconds, 20 yards). 

a. How does the steepness of this new graph compare to the previous one? 

b. Press start and watch the runner run. How far does Runner 1 now run in 4 seconds? 

c. Is his velocity faster or slower than in the previous example? 

d. What do you think the steepness of the graph tells you about the runner? 

3. With Runner 1 still visible, turn on only Show animation for Runner 2. (It is important that Show graph for Runner 2 is off.) Click New to generate a new random graph for Runner 2. This graph will remain hidden until you turn on Show graph. 

a. Run the race and watch Runner 2. Then, adjust the points in the graph of Runner 1 until both runners are running exactly the same race, side-by-side on the track. (Feel free to re-play the race as often as you like.) When you think you have it, turn on Show graph for Runner 2 to check your answer. How did you do? 

b. For a greater challenge, increase the value of the Number of Points slider. Notice that the graph is now divided into segments. Now runners can slow down, speed up, or even change direction. 

Velocity-Time Graphs

When a distance-time graph is steep, the runner is running very quickly (high velocity) at that time. A flatter distance-time graph indicates slower running (lower velocity). A velocity-time graph actually graphs the runner's velocity over time. 

1. Select the CONTROLS tab, set Number of points to 2, and turn on Show graph for Runner 1. Turn off the other displays. 

a. Drag the two points on Runner 1's graph to (0 seconds, 0 yards) and (4 seconds, 20 yards). Select the VELOCITY-TIME GRAPH tab to see the velocity-time graph for this runner. What does the velocity-time graph look like?

b.  How is this different from the distance-time graph? Explain why this is so. 

c. What is the velocity of this runner for the whole race? Explain why this makes sense. 

d. Raise the point at (4 seconds, 20 yards) on the distance-time graph to (4 seconds, 40 yards). As the slope of the distance-time graph increases, how does the velocity-time graph change? 

e. What is the new value for the runner's velocity for the whole race? 

f. What would you expect the velocity-time graph to look like if the two points on the distance-time graph were at (0 seconds, 40 yards) and (4 seconds, 0 yards)? 
g. Sketch your answer in the space below. 
After you have made your sketch, adjust the points on the distance-time graph to check your answer. 

2. Select the CONTROLS tab, and turn on Show graph for Runner 2. Turn off the other displays. Set Number of points to 4, and then click New. 

a. Study the new distance-time graph shown in the Gizmo. Then, on paper, sketch what you think the associated velocity-time graph looks like. 

b. To check your answer, select the VELOCITY-TIME GRAPH tab. Sketch the correct graph. Was your graph correct? If not, where did you go wrong? 

c. In general, when is the velocity of the runner positive? When is it zero? When is it negative? 

d. Now, increase the Number of points on the graph by using the slider. Then try the same activity. 

