Introduction to Motion: Distance vs. Time and Velocity vs. Time Graphs
(completion time: approx. 1 hr. 45 min.) (Revised 6/8/06)

Introduction

In this lab you will use a “motion sensor” to generate graphical representations of position and
motion. The motion sensor emits sound pulses and detects their echoes (i.e. reflections) off of an
object. The computer measures the time from emission of each pulse to detection of its echo. Using
the speed of sound in air, the computer calculates and records distances from the detector to the
object as a function of time. You will practice making and interpreting position (i.e. distance from
sensor) vs. time and velocity vs. time graphs for motions along a straight-line path.

Equipment
e motion sensor e Science Workshop 500 interface e 2-meter stick
e masking tape « Computer with DataStudio Software”

* The DataStudio Starter Manual is online at: www.pasco.com.

Procedure
Setting up the motion sensor and Data Studio program

1) Make sure the Science Workshop 500 computer interface is plugged in and turned on.

2) Log on to the computer then click on the Data Studio icon on the desktop screen.

3) Select Create an Experiment. (If the computer cannot connect to the interface, click on
“Choose Interface”, and select Science Workshop 500.)

4) Click on the connection on the left side of the 500 Interface and select Motion Sensor.

5) Connect the motion sensor to the 500 Interface as shown in the diagram.

To create a graph, double click on Graph in the list to the lower left and choose “Position” from the
three options. Click on the START button to make a graph of position (i.e. distance) vs. time. The
electronics will make an audible clicking sound when the detector is working and the distance from
the detector to an object will be plotted as position on your graph. (Note that the sound you hear is
not the ultrasonic (inaudible) part of the sound pulse used for the measurements.) Move your hand
toward and away from the motion sensor and notice the points being plotted on the graph. Click
STORP to stop taking data. To clear the data from your graph, click on Data (above your graph), and
select No Data.

Practice with the detector until you understand the reading. Sound is emitted in a cone that spreads
out from the motion sensor. If the sound is reflected by a fixed object (such as the ceiling), a
straight line will appear on the graph, since distance to the ceiling is not changing as a function
of time. Position your sensor so it does not hit any fixed objects and you are able to walk back
and forth in front of it on a clear path approximately 3 meters long. Move back and forth in front
of the sensor and watch the distance graph change.

Stand 0.5 meter, then 1 meter, then 2 meters from the sensor, using a 2-meter stick to check that the
distances recorded correspond to your position. Clear the data from your graph.




Activity 1: Making distance vs. time graphs for different walking speeds and directions

Start at the ¥2 meter mark and make a distance
versus time graph, walking away from the
sensor slowly and steadily (at constant Dista(”;;
speed). Sketch your graph on the axes to
the right. Label different parts of your
graph to make clear which data represent
the specified actions. Time (sec)

Make a distance-time graph walking away Dt
from the detector medium fast and
steadily. Sketch and label your graph.

Time (sec)

Make a distance-time graph walking toward
the detector slowly and steadily. Sketch o
and label graph. .

Time (sec)

Make a distance time graph walking toward
the detector fast and steadily. Sketch the
graph.
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Time (sec)

a) Questions:

Answer the following using complete sentences. Consider using these words or phrases (as well as
your own): up, down, steeper, less steep, rising, falling, increasing, decreasing, faster, slower.

How is distance changing as a function of time when you walk away from the sensor?
When you walk toward the sensor?

How does your graph show whether you are moving away from the sensor or toward it?

How does your graph show whether you are moving quickly or slowly?



Activity 2: Prediction

Using a dotted line, sketch your prediction of how a distance vs. time graph would look for a person
starting at the 1 meter mark, walking away slowly and steadily for 4 seconds, stopping for 4 seconds,
then walking toward the sensor more quickly. Compare predictions within your group and discuss
them. Arrive at a consensus prediction and draw it with a solid line (do not erase your original
prediction).
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Now, do the experiment. Move in the way described above and graph your motion. When you are

satisfied that your graph represents the specified activities, draw your groups’ final result above.

Questions

Was your initial prediction essentially the same as the actual result?
If not, why was your prediction incorrect?

How does the graph show when you are moving away from or closer to the sensor?

How does it show the speed of motion?
(Note: Speed, as used in physics, is the absolute magnitude of velocity, without regard to direction.)

How does it show no motion (i.e. “stationary motion”)?

Activity 3: Moving at non-constant speed

For straight-line motion, the slope of the distance vs. time graph represents the velocity. When
velocity is constant the graph is a straight line. Try to match the following curved graphs:
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For each graph carefully describe how you had to move to match the graph. Use words like faster,
slower, going toward, going away, increasing speed, decreasing speed, steeper, less steep.

Graph 1:
Graph 2:
Graph 3:

How does a graph where the speed is changing differ from a graph where you are moving steadily?



Activity 4: Velocity-time graphs

Set up the program to display velocity. Double click on Distance on the vertical axis of the graph
and select Velocity in the dialog box. Set the range from -1 to +1 meters/sec. (You can do this by
putting the cursor a number on the velocity axis, clicking, and stretching or contracting the axis.)
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Questions

How does the plus and minus sign of the velocity reflect the direction of motion?

Does the sign of the velocity show whether the distance is increasing or decreasing? Explain.



Activity 5: Matching a velocity graph

Try to create a matching
graph. You may needtotrya +1 [-Velocity, m/sec

number of times. Work as a
team and plan your
movements so as to match
the times and velocities. 0
4 8 16 20  Time, sec
-1

Sketch your graph using a dotted line. Label the different parts of the graph, describing your
corresponding motions.

Is it possible to move so as to create a perfectly vertical line on the velocity graph? Explain.

Activity 6: The relationship between velocity vs. time and position vs. time graphs

Following is a series of paired position vs. time and velocity vs. time graphs for various motions.
One graph in each pair has been completed. Use a dotted line to indicate what you predict the
corresponding graph must be based on the motion described by the completed graph. Then, use the
motion sensor to check your answers. For example, if a graph of position vs. time is given, use your
motion sensor to generate a similar graph as well as the corresponding velocity vs. time graph. When
you are satisfied that you have reproduced the completed graph reasonably well, record your results
on the appropriate graphs using solid lines.
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Set B:

Set C:
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Set D:
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Questions

For Set F, which part(s) of the position graph correspond to a horizontal line on the velocity graph?
Label and describe them.

In general, which parts of a velocity graph correspond to increasing distance (i.e. position)?

What does the slope of the position graph look like in this case?
(Refer to the sets of graphs and your results for examples.)

In general, which parts of a velocity graph correspond to decreasing distance (position)?

What does the slope of the position graph look like in this case?
(Refer to the sets of graphs and your results.)

What units does the slope of a position vs. time graph have?

What does the slope of a position vs. time graph represent?

Qualitatively, what’s the difference between the types of motion represented in Set C and Set D?
How does this difference change the way we graph the motion on a position vs. time graph?

Explain the concepts of velocity and position and how they are related graphically.



1. How do you move to create a
horizontal line on a distance versus
time graph?

2. How do you walk to create a
straight line that slopes up?

3. How do you walk to create a
straight line that slopes down?

4. How do you move to create a line
that goes up steeply at first, then
goes up less steeply?

5. How would you move to create a
U-shaped graph?

6. For which parts of the U-shaped
graph is the velocity zero? (label
them)

Supplemental Questions:
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7. Which object is moving faster, A or B?

8. Which starts in front? Which finishes in
front?

9. What happens at the intersection of the two
lines?

10. Which object is moving faster (can you
tell?)

11. Which is moving towards the detector?
Which away?

12. Sketch a graph for an object moving
steadily away from the detector.

13. Sketch a graph for an object that is
standing still.

14. Sketch a graph for an object that moves
quickly toward the detector then slows down
and stops.

DISCUSS YOUR RESPONSES TO 1-14
WITH YOUR TEAMMATES AND TRY TO
REACH AGREEMENT.

B
Distance —
(m) A
Time (sec)
Distance A
(m)
B
Time (sec)
Distance
(m)
Time (sec)
Distance
(m)
Time (sec)
Distance
(m)
Time (sec)

10



