16                                                                                                          Activity 6: Inclined to Speed


Inclined to Speed

Introduction:

When riding a bicycle down a hill, one tends to speed up, and need not pedal. The steeper the hill, the greater this effect. There seems to be a connection between the tilt of the hill and the speed that one reaches at the bottom of the hill (or the greater the need to apply the brakes!). In this investigation you will explore the relationship between the effect of the tilt of a hill and the speed that one reaches at the end of the incline.

In this activity you will:

· Collection data with the CBR.

· Construction graphs of the data on the TI-73.

· Manipulate data with functions relating to various kinematics formulas.

· State a hypothesis.

· Design an experiment.

· Apply the scientific method.

· Explore the physics of objects moving down an inclined plane under the force of gravity. 

You will need:

· TI-73 Graphics Calculator, 

· CBR,

· Data link cable,

· CBR clamp, 

· Board at least 1.5 meters long, 

· Tape, 

· Rolling car small enough to fit on the board, 

· Meter stick, 

· Books or other items to support the board on an incline, 

· Scale to mass the car, 

· Small masses to increase the car’s mass (optional),

· Small piece of cardboard to attach to the end of the board to aid in the transition for board to floor,

· TI Graph Link (optional).

The Problem:
Our hypothesis: The tilt of an inclined board will affect the speed of a car rolling down that board in a way that causes it to move faster as the incline is increased, and this increase in speed is predictable. 

To discover if there is some relationship in this situation, you will design an experiment to test this hypothesis. The plan is to place a car exactly 1.0 meters up a ramp that has a small incline. You will measure this incline indirectly by looking at the height of the board above the ground at the 1.0 meter point. Using the CBR, you will collect data on the maximum speed of the car as it rolls down the incline. In addition the CBR will provide you with the distance, time, and acceleration of the car as it moves down and off of the ramp.  You can then increase the tilt of the ramp and collect data with the CBR for three more heights. 

The Set Up:

· Arrange the board, car and CBR as shown below. 
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· The rear end of the car should be placed 1.0 meters up the ramp. Secure the CBR to the end of the board with the clamp. Make sure that the board is long enough so that the rear of the car is at least 0.5 meters from the CBR. The meter stick will be used to measure the height above the ground of the 1.0 meter point on the board and then removed. This value is related to the tilt of the board in a very straightforward manner, and this measure can be used later to calculate the angle of the board with the floor. 

· Test the set up for stability and function by rolling the car down the inclined plane with its rear end at the 1.0 meter point. Make sure the car is heavy enough to roll down on its own (you may need to add some mass) or if it is a pull-back, or other type of stored energy car, don’t store energy in it. Once the height for the first data set is determined, ensure that the board is not moved from this position. 

Using the TI-73, and CBR

· Set up the CBR with the TI-73 by running the CBL/CBR application. While connected to the CBR with the data link cable, press ( and select 2:CBL/CBR then press any key. From the CBL/CBR APP: menu, select 3:CBR. Note: If your home screen is not clean you may get an error. Just press ( and repeat these steps.
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· Press ( to run the program and set up the experiment as shown. The 2 second interval should be plenty of time for the car to get down the ramp, but the car driver will have to be quick on the release at the lower heights. (Note: In some situations a time of 3 seconds might be best).
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· At the first height (small, about 12 centimeters) run the program by pressing ( while on the ►START NOW option, as shown above. You will have some time after this action before the CBR starts, but now is the time to get everything aligned. On the first run, don’t worry about getting it all right, just run the program once to get a feel for the way things work. Once you press ( you should see the following:

      or you might see: 
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· In the second case, check your connections and press ( again. Keep adjusting until the error message goes away and then return to the menu to start the experiment again. Check with other groups if your group is still having trouble.

· The CBR light will start flashing and beeping. The red light indicates “not yet, but soon”, while the green light indicates that it is collecting data. Release the car after the light turns green, and then quickly move out of the way of the sonic beam. The calculator should appear as below.
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· Once the experiment is completed, the CBR will send the data to the TI-73. The data is stored in lists as follows:

Time

(seconds)
Distance

(meters)
Velocity

(meters/second)
Acceleration

(meters/second2)

L1
L2
L3
L4

· From the PLOT MENU select each of the three types of graphs. The time vs. distance graph will be automatically shown first. Your data, if good, should look like this:
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· If you don’t have data that shows you a clear maximum distance, and velocity, repeat the experiment. The most difficult graph to obtain will be the one showing the acceleration. The segment of the graph which represents the car running down the ramp should be close to horizontal, but may be bumpy as shown above. 

· If you are satisfied with the data for the first run at this height, return to the PLOT MENU and select option 2:VEL-TIME to plot again.
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· Now return to the PLOT MENU as shown below by pressing ( and selecting 4:PLOT TOOLS and 1:SELECT DOMAIN from the PLOT TOOLS Menu. This will allow you to select the region of time (the Domain) to study and collect values from.
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· Once in the graph, move the cursor to the right to capture the start of the car’s roll down the incline. This time represents the time after the CBR started collecting data that the car driver released the car. After locating this point (LEFT BOUND), press ( and then move the cursor to the right to collect the point where the car reached its maximum speed (RIGHT BOUND).
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· With this selected segment of the event, look at the distance and the acceleration graphs to collect the values at the indicated times (Note: In the above case, start = 0.387 sec. and end = 0.968 seconds). To estimate the acceleration, which should be constant and create a graph of a horizontal line, move your cursor to a place that “feels” like the average value (2.811 in the graph shown below). Report these values in Table 1 on the student data sheet. Repeat the process for the car at this height until you have four sets of data to record in the table. It the data from a run is not “good enough”, just repeat the run until you get good data. If this is the height that your teacher assigned your group to save the list answer question 1 on the student data sheet.
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· Calculate the average velocity of the car at the given height by using the following method. Answer question 2 on the student data sheet.  

The change in distance divided by the change in time.




· Once the data is collected for the your assigned height, find an average value for each measure in Table 1 and report it on the table in the space provided. To do this press ( ( ( ( on the TI-73 and select 3:mean( from the MATH menu.  Then place a nixon ( { )to start a list of numbers by pressing (( and highlighting and selecting { and then Done by pressing (. Enter the four values to average, separating them with the comma (() and then use a closing nixon to finish the sequence. Press ( to get the average/mean.
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· Repeat the experiment for the other three heights, or wait for the other groups to finish.

· Having collected all the data for the car at the 4 different heights, you now need to collect the data in one table. Complete Table 2 on the student data sheet. 

· Examine the patterns in the numbers. From Table 2 answer questions 3-5 on the student data sheet.

· To “know” the pattern to a more substantial degree you need to look at a Plot of the data. Place the data from Table 2 in lists on the TI-73 and set up Plot1 to create a graph of Height vs. Velocity with an appropriate window. (See the TI-73 Manual for instructions on creating named lists and setting up a plot.)
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· To get a function that models the pattern in the data, first try a Manual Fit. From the Home Screen press ( ( ( ( and select 3:Manual-Fit from the CALC menu. Then press ( ( and select 2:Y-Vars… from the VARS menu. Pick the 1:Y1 option from the FUNCTION menu to identify the location for this function to be recorded and press (.
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· Now, from the graph, move the cursor so that you have a nice starting point for the line that will model the pattern in the data and press (, then move to a second point, to place the Manual Fit line that best “covers” the data points. Press ( when ready, and ( again if you like what you see. If the line is not what you want, press the cursor keys to move the line in any direction until satisfied, and then press (.  The function for this model is now stored in Y1. Answer question 6 on the student data sheet.
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· Another method to identify the line that models the pattern in the data is the Median-Median line. To use this method, return to the Home Screen and press ( ( ( and select 4:Med-Med from the CALC menu. On the Home Screen, place the x and y lists (height and velocity) next to the command for Med-Med, separating them with commas. The List names are stored in the Ls menu, and can be accessed by pressing ( (. Select Y2 as the function option at the end of the command, acquiring the symbol as you did above with Y1. When you press (, the calculation is made and the function is placed in Y2. Answer questions 7-9 on the student data sheet.
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· You can set up a TABLE to request values for the maximum velocity given a particular height. To do this press ( ( and set up the screen as shown below. Then, press ( ( and key in any value for x (ramp height in meters) that you wish. Answer question 10 on the student data sheet.
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Student Data Collection and Analysis Sheet

Trial
Height (m)
Max Velocity

(m/s)
Start Time

(s)
End Time

(s)
Change in Time

(s)
Start Distance

(m)
End

Distance

(m)
Change

In

Distance

(m)
Average

Velocity 

Method I (m/s)
Average Velocity

Method II (m/s)
Average Acceleration (m/s/s)

1












2












3












4












Avg












Table 1
1.  Save a set of the data for your team’s assigned height from one of the trials on the computer using the TI Graph Link or by writing a program to store the list (see Appendix 1: Saving Lists). Indicate your assigned height, team members names, and the location of the data on the computer in the spaces provide below. This should be the lists (L1, L2, L3, and L4) collected after selecting the Domain on one of the trials.

      Height: _____________   Location/Name of Program _________________________

      Team:  ________________________
__________________________

                  ________________________     __________________________

2.  Report the value for Average Velocity .__________________________________

Table 2

Height 

(m)
Average Max Velocity

(m/s)
Average Acceleration 

(m/s/s)

















3.  Do you think that there is a relationship between the height of a ramp and the velocity of the car at the bottom of the ramp? If so, state in words what you think the relationship is.


___________________________________________________________

            ___________________________________________________________

4.  What pattern do you see in the acceleration as the height of the ramp changes?


____________________________________________________________

5.  Pick a height that falls between the range of heights at which your class collected data and predict a value for the velocity and acceleration at that ramp height.

Height
Predicted Velocity
Predicted Acceleration





6.  State the function that you got from the Manual Fit operation and the Window used for the graph.


Y1 = ________________
Xmax = __________
Xmin = ____________






Ymax = __________
Ymin = ____________

7.  State the function that you got from the Median-Median line operation and the    

      Window used for the graph.


Y2 = ________________
Xmax = __________
Xmin = ____________






Ymax = __________
Ymin = ____________

8.  Use these new functions and the TRACE or TABLE options to check your answer from question 5 above. Which model (function) comes closest to your guess. Was your prediction good? Why?

Height
Predicted Velocity
Y1 value
Y2 Value







_________________________________________________________________


_________________________________________________________________


_________________________________________________________________

9.  Which model do you think is best, Y1 or Y2? Why?


_________________________________________________________________


_________________________________________________________________

10.  Use your “best” model (selected in question 9) to complete the table below.

Height (meters)
Velocity (meters/second)

0.07 


1.00



0.777

Going Further

1.  What speed would you predict for a student in a wheelchair as she rolled down a ramp from the 1.0 meter point if the height at that point was 45 centimeters? Would this be different from what your car would do? Why or Why not?

2.  Given the following set of data, find the model that represents the relationship between the height of the ramp and the maximum velocity, and the model that represents the relationship between the height and the average acceleration. Explain your reasoning and how you arrived at this model.

Height 

(m)
Average Max Velocity

(m/s)
Average Acceleration 

(m/s/s)

0.10
0.443
0.98

0.20
0.885
1.96

0.30
1.328
2.94

0.40
1.771
3.92

3.  What would happen if the experiment was changed so that the distance down the ramp was doubled to 2. 00 meters? 3.00? 4.00? Is there a limit to this?

4.  Galileo says that the mass of an object has no affect on the rate that it falls to the earth if you neglect the resistance due to air. The force that causes the car to move down the ramp is the same as the one that causes objects to fall, so if Galileo was correct, the mass of the car should not affect the speed that a car reaches at the bottom of the ramp. What effect does the mass of the car have on the maximum velocity of a car?

Teacher Notes

Math Strands: Measurement, and Algebra

Data collection with the CBR and construction of graphs of the data on the TI-73. In addition the manipulation of the data with functions relating to various kinematics formulas.

Science Strand: Data Collection, Experimental Design, and Physical Science

Statement of a hypothesis, design of an experiment, and the application of the scientific method by using experimental data. Exploring the physics of objects moving down an inclined plane under the force of gravity. 

Classroom Management and Safety:

The room where the experiment is to be conducted must have an unobstructed area approximately 2 meters by 2 meters to allow the CBR to “see” just the car. Students and other objects should move away from the ramp and CBR during each run so that the sonic signal won’t pick them up over the car. Care should be taken to stabilize the ramp so that it doesn’t slide off its support. Students should watch their feet in case the board falls, and their hands as they handle the board to avoid splinters. One student should be assigned to watch the link cable and board with the CBR, while another should be in charge of driving the CBR, a third student would need to be the car driver.

The Set Up:

· The time needed to collect data may require you to have just one team collect data at a given height. Then all teams can share the data for their height with the class.

· The car that you use in this investigation might be the one that preformed best in the 7 Speedy Pieces Investigation from this book. If you have not done that investigation yet, the car should be massive enough to overcome the friction involved and reflective enough for the CBR. A small metallic car will work as well as a larger car. 

· Depending on the length of the board, you may be limited by the distance that the CBR will see the car. That will be OK since this value should be constant through all trials. 

· Be careful of false starts. The data ought to be real, so have the students look at the numbers by tracing on the graph and using a meter stick to see if the values are correct. 


Using the TI-73, and CBR

· The CBR defers to the strongest return signal so you may lose the car and pick up another object after a certain distance. Look at (measure) this distance and determine if that reflecting object can be moved. 

· The height should be measured from the floor to the 1.0 meter mark up the board and a small piece of cardboard should be taped to the very end of the board. The thickness of the board will determine the “fall” needed to be compensated for.

· The length of your board will probably play the largest role in determining your maximum height since the board will tend to slide off of the books, or tilt based on the placement of the books and the mass of the CBR as you go higher. Try to determine this maximum height and then try to get 4 evenly placed heights. A range from 10 to 30 centimeters will more than likely be the best you can get. You may experience problems with heights less that 15 cm and more than 25 cm.

· The TI-73 used should have enough free memory to run the CBR program. You can check this by pressing ( ( and selecting 2:Check RAM…, if you have about    6 000 free bytes that should do. If you need to delete some files, you might want to first save then on the computer with the TI Graph Link or transfer them to another calculator. To delete files, press ( ( and select option 4:Delete…. Note that once you select the type of file you wish to delete from the next screen, every time you press ( the item beneath your cursor is deleted from your calculator. 

· It is important that the car rolls well down the incline. In addition the students should always start the car with its rear at the one meter place up the board, and that they measure the height of the board from the floor to the top of the board at the 1.0 meter mark.

· Students may need to run the program several times to get the 4 sets of value at each height. Remember that every time the program is run the lists are erased from the previous run. If the students think they can do better, but have fairly good data, they may want to send the data to the computer with the TI Graph Link or link with another calculator to store the data just in case they can’t do better.

· If the students have trouble, one thing to look for is a good connection with the link cable. Make sure it is plugged in all the way (no metal showing). Another problem may relate to what the calculator is doing. A “waiting” worm is on that indicated the user should press (. Notice the upper right hand corner of the screen below. A “working” worm is similar, but with solid lines flowing with gaps. This worm indicates the calculator is trying to do one calculation and the user should wait until it disappears.
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· Have each group save a set of lists (L1 through L4) for an assigned height. This will help in fixing problems and in further analysis.

· Another method to calculate the average velocity is the mean of the velocities. 




· If the students are selecting the Domain from the wrong graph, they can recover, by requesting the data from the CBR again. It should still be stored in the CBR unless someone has accidentally pressed Trigger.

· The sine of the angle of the ramp is the ratio of the height to the length along the ramp. In this case it is H/1 = H. So since the effective acceleration of the car, due to gravity is g * sin((), you have a = g*H. This is like a percent of the acceleration since the sin(90() is 1 and the value of H/1 = 1 only when H = 1, which means the board is on end!

Student Data and Analysis Sheet – Key:

Height (m)
Max Velocity

(m/s)
Start Time

(s)
End Time

(s)
Change in Time

(s)
Start Distance

(m)
End

Distance

(m)
Change

In

Distance

(m)
Average

Velocity 

Method I (m/s)
Average Velocity

Method II (m/s)
Average Acceleration (m/s/s)

0.195
1.341
0.495
1.699
1.699 - 0.495 = 1.204
0.784
1.528
1.528 - 0.784 = 0.744 
0.744 ( 1.204 = 0.618
1.341 + 0 ( 2 = 0.670
1.911

Look for consistent values in each column of Table 1. The students should repeat until they get lines that are shaped like the examples. This should lead to fewer variations. The Average Accelerations might vary a great deal. Sample values used in the activity are shown below:

1.  Height: One of the values in the range 10 to 30 centimeters (expressed in meter, or cm, but must show units). 

Location: File name and path on computer, or “In Sally’s TI-73”, etc. or the name of
      the program.

Team: Names of kids, or the name of the group, it already identified (I, II, … or The  

Flash, etc.)

2.  They should be close!

Table 2: This should be the reported AVG values from Table 1 from each group, Columns 2, 3, and 12.

3.  Yes, the velocity increases as the height of the ramp increases. If NO, the student must supply an explanation!

4.  The acceleration should vary, as the velocity does, with height.

5.  Values should be in the range, but not equal to heights measures, and then the Velocity and Acceleration should fit in the intervals (in terms of magnitude) in Table 2.

6.  With the sample data shown: Y1 = 7.464X - 0.471.
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7.  Y2 = 6.256X+ - 0.18, with the same Window as in 6.

8.  Completed table, check against reported function in questions 6 and 7 with height selected in question 5. Explain why prediction was, or was not good. Look for a discussion of being off a relative amount ( 0.05 is x% of 1.005).

9.  In this case, Y2 from the Med-Med could be better. Reasons could be: fit the actual numbers better when traced, the Y-intercept is closest to zero (0 height = 0 velocity), the line seemed to fit the points better, the slope is closer to the average of the average accelerations, etc.

10.  For the displayed functions, using the function picked as best in 9:

Height (meters)
Velocity (meters/second)

0.07 
0.25792

1.00
6.076

0.153
0.777

Going Further – Key:

1.  Some reported value for speed in meters per second (or possibly cm/sec, but that might show a lack of transfer) with justification. Since this is a relative high value for height the speed would be large. Truth = V = SQUAREROOT(2 * 9.8 m/s/s) * 0.45 meters,  so V ÷ 1.99 m/s. No, or Maybe, as the mass gets larger, the ability to overcome static friction is greater, so the wheel chair will perform more efficiently (speed up more) than the car, unless the car used was unusually high in mass.

2.  Vmax = 4.43 * Height;   Avg Acceleration = 9.8 * Height, using Manual or Med-Med fit.

3.  As the length increases for the ramp, the acceleration period is longer, up to a point, so the speed will increase over time. There is a maximum speed for any vehicle, due to its ability to roll on its tires and overcome kinetic friction.

4.  Since the ability of the car to overcome static friction to start to roll is, in part, related to the mass of the car, the more massive a car is the more the velocity at the end of the ramp, up to a point. Galileo was indirectly acknowledging this when he spoke of air resistance. The resistance here is between the tires and the surface of the board.

Extensions:

· Have the students contact the highway department and get some information on the notation used for the steepness of hills (7% grade). How do they calculate this value and then apply this technique to hills around the school. What limits do they have in the construction of roads in terms of the grade of a hill?

· The OSHA guidelines for handicapped ramps could be examined and then applied to the ramps at your school, or used to determine the length of the ramp needed to replace a set of steps to or in your school. Use the GAUGE option on the TI-73 to collect distances as part of this extension. What are the basis of the restrictions for incline that is used? http://www.osha.gov/
· The students could explore the relationship between height and speed if the car has its own power source. The graph will be different in that the coiled spring cars will speed up due to the acceleration caused by gravity (gravitational potential energy), and the energy stored in the spring (elastic potential energy). Once the spring is finished, the car will accelerate at a slower rate. If it is a battery driven car the magnitudes of the speed should just be larger, unless there is some governor tending to limit its acceleration (pressing on the accelerator as you go down a hill). It might be more interesting to try to measure this as the car moves up an incline!

Note: Sample data is in a program named INCLINED.73p.

Data Collection Activities for the Middle Grades with the TI-73, CBR and CBL         06/02/98
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