LabQuest 24

PROCEDURE Track Normal

1. Do the following to set up the sensors for data collection: ﬂ
= (@) 7

a. Set the switch on the Motion Detector to the Normal
setting as shown here. (l‘)

b. Make sure the Pressure Sensor and the Motion Detector are connected to
LabQuest.

2. Choose new from the File menu.

3. On the Meter screen, tap Rate. Change the data-collection rate to 20 samples/second
and the data-collection length to 4 seconds. Select OK.

4. You will now get everything ready to do this activity.
a. Obtain your basketball.

b. Zero the Pressure Sensor by choosing Zero » Gas Pressure Sensor from the
Sensors menu. This will make it measure pressure the same way the gauge on a
bicycle pump does.

c. Wet the needle attached to the Pressure Sensor and insert it into the ball.
d. Look at the pressure reading on the screen and record it in the first row in the

Actual pressure column in the Data Table on the next page.

5. Tap the Graph tab and choose Show Graph from the Graph menu. Select Graph 2. This
will display a graph of position vs. time

6. Use masking tape to attach the Motion Detector to
the middle of a meter stick with the sensor facing
away from the stick. Caution: Do not put tape over the
detector (gold circle) of the Motion Detector!

7. Have two students hold the ends of the meter stick
approximately 1.5 meters above the floor with the
sensor facing down. Hold it still during data collection.

8. Do the following to collect data:

a. Hold the ball directly below the sensor with about
15 cm of space between the ball and the sensor.

b. Start data collection. When data collection begins, let the ball drop and bounce on
the floor. Do not throw it down!
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c. 1T your graph does not look something like

1>

the graph at the right, line up the ball and ' runl |G
start data collection again. e
E
9. To examine the data pairs on the displayed E
graph, tap any data point. As you tap each ;ﬁ_
data point, the position and time values are
displayed to the right of the graph. Find the .

position of the floor, relative to the Motion 0.0 Time (s)
Detector, and the position of the ball at the
top of Bounce 1. Record these values in the Data Table, below.

Data Table

Target Actual Floor Top of Height of Bounce 1

pressure pressure Bounce 1 = Floor-Bounce 1

80 kPa kPa m m m
70 kPa kPa m m m
60 kPa kPa m m m
50 kPa kPa m m m
40 kPa kPa m m m
30 kPa kPa m m m
20 kPa kPa m m m
10 kPa kPa m m m

10. Decrease the pressure in the ball by doing the following:
a. Wet the needle attached to the Pressure Sensor and insert it into the ball.
b. Tap the Meter tab to look at the pressure readings on the screen.

c. Very slightly, loosen the connector on the plastic valve sticking into the stopper. You
do not want to disconnect the tubing, you simply want to slowly release a little air.

d. Continue watching the pressure on the screen until the pressure has decreased by
10 kPa (the first time you do this, the pressure will go from 80 kPa to 70 kPa).

e. When the pressure has decreased by 10 kPa, tighten the connector so no more air
escapes. Note: It is okay if the pressure goes down by a bit more than 10 kPa, but
try to get as close as you can. 1T you accidentally lose a lot of air, tell your teacher.

f. Record the pressure in the data table in the next row of the Actual pressure
column.
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10. Repeat Steps 8-10 for 60 kPa, 50 kPa, etc. until you have completed the 10 kPa trial.
11. Disconnect the Pressure Sensor and the Motion Detector from LabQuest.

12. Fill in the Height of Bounce 1 column in the Data Table, using the following equation.

Height of Bounce 1 = Floor - Top of Bounce 1

ANALYZE YOUR DATA

1. You will now graph your results. First, set up the data table for data entry:
a. Choose New from the file menu.
b. Tap the Table tab to display the data table.
c. Choose Data Column Options » X from the Table menu.

d. Enter the Name (Pressure) and Units (kPa). Select OK.

®

Choose Data Column Options » Y from the Table menu.
f. Enter the Name (Height) and Units (m). Select OK.

g. Select the first cell in the Pressure column and enter the first pressure value you
wrote down in the Data Table.

h. Move to the first cell in the height column and enter the height of the first bounce
that you calculated in your Data Table.

i. Continue in this manner to enter data for the remaining data.
2. Tap the Graph tab. Describe any pattern you noticed about the heights of the bounces

as the pressure in the ball was decreased. Was the first decrease the same size as the
last decrease?
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3. Based on your graph, how high do you think the basketball would bounce if its pressure
was 90 kPa? How about 100 kPa?

4. What would be the lowest pressure in the ball you would want to use for playing
basketball? Explain your answer using the data you collected.

Good job!
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TEACHER INFORMATION 24

Air Ball!

BACKGROUND INFORMATION

In this activity, students will work in groups to explore how air pressure affects the
height of the first bounce of a basketball (or some similar type of ball) after it has been
dropped. Students will use a Gas Pressure Sensor to measure the pressure in the ball in
kilopascals (kPa), the SI unit for measuring pressure.

According to the regulations on the National Basketball Association’s website
(www.nba.com), a basketball should be inflated to 7.5-8.5 pounds per square inch (psi). The
equations used to convert values between units of kPa and psi are found below if you would
like to help your students make the connection between kPa and psi (a unit they, if living in
the United States, are more likely to be familiar with):

pressure in kPa = (pressure in psi) x 6.89 kPa
psi

pressure in psi = (pressure in kPa) x 0.145 psi
kPa

TIME FRAME FOR ACTIVITY

This activity will take about 60 minutes.

CURRICULAR CONNECTIONS

Science - The scientific process, air pressure.

Math - Graphic analysis & statistics, line graphs, measurement, differences.

HELPFUL HINTS

1. The student pages with complete instructions for data-collection using Logger Lite or
LabQuest App can be found on the CD that accompanies this book. See Appendix A for
more information.

2. Data can be collected using a Go!Motion on a computer or a Motion Detector on
LabQuest. LabQuest does not support the use of Go! products.

3. This should probably not be the first Motion Detector activity your students do. Begin
with Activity 20, Learning to Use Go! Motion.
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4. This activity is written to use a Motion Detector and a Gas Pressure Sensor at the
same time. 1T you are using LabQuest, connect both sensors to the interface and
collect data. 1T you are using Go! Products, the way this activity is written requires two
USB ports on your computer. I you do not have two USB ports, you have several
options

» Use a USB hub. A USB hub plugs into the USB port of your computer and has several
ports into which you can plug additional USB devices.

« Instead of using the Gas Pressure Sensor, you can you a pressure gauge to measure
the pressure in the ball. Pressure sensors for measuring air pressure in a ball are
available at most places where sports equipment is sold.

« If no Gas Pressure Sensor or gauge is available, you can do a qualitative study in
regards to the air pressure in the ball (you will still be collecting quantitative data
with the Motion Detector). Start with a ball that seems fully inflated. For each trial,
use the needle to let air out of the ball for a given period of time. For a standard-
size ball, 3 seconds works well.

5. Assemble the Gas Pressure Sensor equipment ahead of time. In order to use the Gas
Pressure Sensor to measure the pressure in the ball, you will need to insert a pump
needle into one of the stoppers that comes with the Gas Pressure Sensor. ldeally, you
will use the smaller, 1-hole stopper found in the Pressure Sensor Accessories Kit, and
leave it set up for when you do this activity in the future. This stopper should already
have a plastic valve extender inserted in the hole. Using pliers to hold the pump needle,
insert the threaded end into the other end of the stopper. The hole is quite a tight fit
for the needle, but this ensures that it stays in. Remind students that when they pull
the needle out of the ball, they should reach around the stopper and grab hold of the
needle, rather than pulling only on the stopper.

6. Before giving the balls to your students, pump them up so the pressure is at 80 kPa.
During the activity, students will decrease the pressure in the ball, incrementally, until
they reach 10 kPa. To do this, they should slightly untwist connection between the
tubing and the plastic valve extender, allowing air to escape while watching the
pressure readings on the computer screen. When the pressure has dropped by 10 kPa,
the students should tighten the connection. 1t is okay if the students release a little
too much air. In the student version of the activity, students are told to record the
exact pressure in their data table. When they enter their data on Page 2 of the Logger
Lite file, students will enter the actual values they recorded during data collection.

7. In this activity, students should work in groups of four or five: two hold the meter
stick with the Motion Detector taped to it, one drops the ball, one starts the collection
on the computer, and one can be the data recorder.
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8. Be sure that the students start with the ball at least 15 cm from the Motion Detector.
IT they start with it touching the detector, they could get faulty data. Instruct your
students to drop (not throw) the ball straight down so that it bounces directly below
the Motion Detector. If their graph does not look similar to the sample on their
worksheet, have them restart data collection to repeat data collection.

SAMPLE RESULTS

Air Ball!

Graph of ball bouncing under a Go!Motion. Note that students may
be confused by the apparently upside down nature of the graph.

ANSWERS TO THE ANALYZE YOUR DATA SECTION

Answers and data tables have been removed from the online versions
of Vernier curriculum material in order to prevent inappropriate
student use. Graphs have also been obscured. Full answers and
sample data are available in the print versions of these labs.

ASSESSMENT

1. Lead a discussion about how the amount of pressure in a ball affects how high the ball
bounces.

EXTENSIONS

1. Students could test the bounce heights on volleyballs, soccer balls, or playground balls.

2. Have students learn about the regulation ball pressure for game play of different
sports. Why might the pressure in a soccer ball differ from that of a basket ball?
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