Making Motion Graphs with Toys

(Written by Patricia Dube, Beverly High School, Beverly, MA)
Equipment:

CBL2 with batteries and link cable and motion detector (or CBR)

TI83+ with CBL/CBR Apps

Part 1:

Battery operated car

Part 2:

Wooden plank

Large free rolling car

Set Up:

Using CBL2: {If using CBR connect directly to calculator}

1) Check that batteries are in CBL.  Connect motion detector to CBL by putting connector in port on right marked “SONIC”.

2) Connect calculator to CBL with link cable into bottom of calculator (top of TI-84)  and bottom of CBL

3) Find a clear space at least 4 meters long and 2 meters wide to work in.

Procedure:

Part 1:  
1) On the calculator press ( then choose CBL/CBR.  Press any key then choose RANGER.  See the teacher if your calculator does not have the CBL/CBR application.  Your screen will look like this:
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2) Press ( as directed on screen
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3) Choose SET UP/SAMPLE (should be first menu item).  Now change the set up parameters to match the description below:
Main Menu

Start Now

Realtime>No
This is changed by moving to this line and pressing (
Time(s):   15   This is changed by moving over number and typing
Display:  DIST  This is changed by moving to this line and pressing (

 

Begin On:  [ENTER]

SMOOTHING:HEAVY This is changed by moving to this line and pressing (
UNITS:  METERS  This is changed by moving to this line and pressing (
4) Move the cursor up to the top right corner and select “Start Now”.  Press (.
5) If your link is not connected, or CBL batteries are weak, you will get the screen below.  If you get this, push each end of the cable in securely then press (.  If the error message stays, see the teacher.
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6) Place the battery powered car 4 or 5 meters away from the motion detector, facing the detector.  

7) Start the car and immediately press ( to begin motion detector.

8) Wait until data is completed (motion detector stops ticking)

9) Look at graph to see if it has a good portion showing the motion cleanly.  Press (
10) If data looks erratic or something happened that interfered with the experiment, select REPEAT and repeat steps 6 through 9.

11) If a substantial portion of the data looks good, choose PLOT TOOLS>SELECT DOMAIN. You are going to show the calculator where the good data is and throw away the rest by following these steps:
a. Move the cursor to the left side (beginning) of the good part of the data and press  (
b. Move the cursor to the right side (end) of the good part of the data and press (.

c. Now you have a graph of only the valid part of the experiment.

12) Sketch this Distance graph in the appropriate space on the handout Or in your notebook.  Pay attention to the x- and y-axis scale and include it (approximately) on your graph.  Left and right arrows allow a rough trace of the graph and gives coordinates.   Press ( to return to the PLOT MENU.  

13) Choose VEL-TIME  to see the velocity graph for the same motion.  Sketch it in the appropriate space.  Pay attention to the x- and Y-axis scale and include it (approximately) on your graph.  Press ( to return to the PLOT MENU.
14) Choose ACCEL-TIME to see the acceleration graph for the same motion.  Pay attention to the x- and y-axis scale and include it (approximately) on your graph.  Sketch it in the appropriate space. Press ( to return to the PLOT MENU. 
15) Return to the main menu and exit the application.  Perform a linear regression on the distance data in L1, L2.  Write the equation on your distance graph.  

16) Perform a linear regression on the velocity data in L1, L3.  Write the equation on your velocity graph.
17)   Restart the CBL/CBR application and repeat steps 1 through 16 but this time have the car start about 75 cm from the detector and move away from the detector.

Part 2:

  This is similar to part 1 except you will put the motion detector at the top of a ramp and release or push a large cart.  

1) Set up a wooden ramp with a slight incline.  Too much incline may seem like more fun but will make the cart too fast and give trouble getting good data.

2) Put the detector at the top of the ramp.

3) Go to the SetUp/Sample Menu and change the time to 5 seconds.  You may need to adjust this a bit after trying the activity.

4) Repeat steps 1 through 14 of Part 1, but release the car from the ramp instead of using the battery car.
5) Return to the main menu and exit the application.  Perform a quadratic regression on the data in L1, L2.  Write the equation on your distance graph.  
6) Perform a linear regression on the data in L1, L3.  Write the equation on your velocity graph.  

7) Perform a linear regression on the data in L1, L3.  Write the equation on your velocity graph. 

8) Restart the CBL/CBR application and repeat steps 1 through 7 above, but this time gently push the cart up the ramp so it goes a bit more than half way up and allow it to come down.  You may need to adjust the time in the SET UP/SAMPLE menu to record the whole trip.  
Analysis Questions:
1) Which of the graphs show constant velocity?
2) Describe the motion that creates negative velocity.
3) Which of the graphs show constant nonzero acceleration?
Answer the following questions for the experiment with the detector at the top of the ramp:

1.) About how many seconds did it take for the cart to go up and down the ramp?
2.) What was the sign of the derivative (velocity) when the cart was moving up the ramp toward the detector?
3.) What was the sign of the derivative (velocity) when the cart was moving down the ramp, away from the detector?
4.) Describe the graph of acceleration when: 
a) the cart was released from the top of the ramp.

b) the cart went up then down the ramp.

5.) How does the acceleration differ between going up the ramp and going down the ramp?
6.) How do you think the acceleration would change if the ramp were steeper?
7.) Using what you learned in this activity, create the distance and velocity graphs that match the description of motion given here:

a) In the first 3 seconds you start 5 m from detector and walk at a constant speed away from detector to 8 m away.

b) At 3 seconds change direction and walk toward the detector at a faster constant speed for 2 seconds.

c) You then stand still for 1 second.  

d) Move away from the detector while increasing your speed for the next 4 seconds.

e) Move away from the detector while decreasing your speed for the next 4 seconds.
Graph 1:  distance graph of battery powered car moving toward detector


Graph 2:  velocity graph of battery powered car moving toward detector


Graph 3:  acceleration graph of battery powered car moving toward detector


Graph 4:  distance graph of battery powered car moving away from detector


Graph 5:  velocity graph of battery powered car moving away from detector


Graph 6:  acceleration graph of battery powered car moving away from detector


Graph 7:  distance graph of cart on ramp released from top, moving away from detector


Graph 8: velocity graph of cart on ramp released from top, moving away from detector


Graph 9:  acceleration graph of cart on ramp released from top, moving away from detector


Graph 10:  distance graph of cart pushed up ramp and returning

Graph 11: velocity graph of cart pushed up ramp and returning


Graph 12:  acceleration graph of cart pushed up ramp and returning.


