Tow Truck
FACILITATOR NOTES

Overview

Students use calculations of initial and final mechanical energy to predict the work required by a robot in cases where mechanical energy is conserved. They extend the method to cases which include substantial amounts of friction.
Goals of the Activity

· Calculate gravitational and elastic potential energies and use these calculations to predict the work required from a robot.

· Interpret the results of work-energy measurements, including cases with variable forces and significant amounts of friction.

· Discuss the use of numerical integration to estimate and control the cumulative results of a process.
Standards

National Science Education Standards (NRC)

B.
Physical Science

Conservation of Energy and the Increase in Disorder
--- The total energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear reactions, by light waves and other radiations, and in many other ways. However, it can never be destroyed. As these transfers occur, the matter involved becomes steadily less ordered. (9-12)

--- All energy can be considered to be either kinetic energy, which is the energy of motion; potential energy, which depends on relative position; or energy contained by a field, such as electromagnetic waves. (9-12)
F.
Science in Personal and Social Perspectives
Natural Resources
-- The earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew some resources, and it depletes those resources that cannot be renewed. (9-12)
Standards for Technological Literacy (ITEA)
2

Core Concepts of Technology
-- Technological systems include input, processes, output, and at times feedback. (6-8)

-- The stability of a technological system is influenced by all of the components in the system, especially those in the feedback loop. (9-12)

-- Optimization is an ongoing process or methodology of designing or making a product and is dependent on criteria and constraints.
16
Select and Use Energy and Power Technologies
-- Energy cannot be created nor destroyed; however, it can be converted from one form to another. (9-12)
-- Energy can be grouped into major forms: thermal, radiant, electrical, mechanical, chemical, nuclear, and others. (9-12)
Secondary School Math Standards (NCTM)

Algebra
-- generalize patterns using explicitly defined and recursively defined functions. (9-12)
Geometry
-- investigate conjectures and solve problems involving two- and three-dimensional objects represented with Cartesian coordinates. (9-12)
Data Analysis and Probability
-- Select and use appropriate statistical methods to analyze data. (9-12)

Representations
-- Use representations to model and interpret physical, social, and mathematical phenomena. (9-12)

College Math Standards (Crossroads in Mathematics)

C-5
Discrete Mathematics
-- use discrete mathematical algorithms and develop combinatorial abilities in order to solve problems of finite character and enumerate sets with direct counting.
Equipment/Software Needed

FOR EACH GROUP OF 2 TO 4 STUDENTS

No equipment required

FOR THE CLASS:

SAM EDE1200 robot

TI-83 or 84 family calculator with TI-Presenter or TI-ViewScreen projection system

LabPro (Since this activity requires 2 digital ports, it cannot be done with the CBL2.)
Dual-Range Force Sensor with mounting post (Vernier # DFS-BTA)

Motion Detector (Vernier #MD-BTD/MD-CBL)

Ring stand or similar support

3 pulleys with mounting rods

Meterstick (to be attached to the ring stand)

Inclined plane with pulley

Standard masses (50, 100, and 200 grams)

Large spring, such as Frey # 
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String or fishing line

Masking tape

Wood block with 1/16” threaded rod and nuts (see Activity Set Up below)

CALCULATOR PROGRAMS: SAMTOW, SAMGO, LSAM
Activity Set Up

Drill a 3/8 inch hole through the SAM robot platform and about 1 inch vertically into the tail and insert the unthreaded end of the force sensor post into the hole. Mount the force sensor and motion detector on the post as shown. Connect the force sensor to analog channel CH1 on the LabPro and connect the Motion Detector to Dig/Sonic 2. Connect the robot to Dig/Sonic 1. Use rubber bands or twists to organize the cables. If necessary place a box, wastebasket or another flat target several feet in front of the robot to provide a good reflecting surface for the motion detector. Use the hook on the force sensor to attach the string.
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Assemble the ring stand, pulleys and meter stick as shown above, so the robot can lift weights and stretch springs in full view of the class. Be sure that the surface provides good traction for the robot wheels.

Before doing Part 2, prepare the wooden block with the 1/16” rod and nuts so the block can be both pushed and pulled by the robot. (The block is not used in Part 1. In Part 2 the block will be threaded into the force probe but use the force sensor’s hook initially.)
Pre-Activity Discussion

With the equipment prepared as shown at left above, review the definition of work as W = Fd cos θ. Emphasize that work is an interaction between two objects and explain that the robot will be doing work (and therefore transferring energy) to the pulley-mass system. Demonstrate the functioning of the robot, by going through the following steps:
· Zero the force sensor. Disconnect the string when instructed by the on-screen instructions.
· Select “MEASURE F & P” and hang a 200-gram mass on the string. Verify for the class that the probe correctly reads that the force is about 2 N and that the position is roughly the correct distance from the fixed target. Note for the class that the robot is providing a stationary force, but it is not doing any work. Therefore the robot does not need to be “paid” either with money or energy.

· Select “SPECIFY A JOB” and then “DISPLACEMENT (M)” Input a value such as 0.25 with a tolerance of 0.01 and test the robot’s movement. Verify with the class that the robot has done about 0.5 J of work (W = Fd = 2N x 0.25 m).
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Ask the class to predict how much work the robot will do if it backs up by 0.35 m and test their prediction. The robot should report doing about -0.7 J of work. Discuss why this work is negative. Although the robot did consume electrical energy as it moved, the same work could have been done without significant energy consumption, just as repelling down a cliff releases energy while climbing that same cliff requires energy.
Facilitating the Activity

Part 1: Work Done against Gravitational and Elastic Forces
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Task 1 -- Replace the 200-g mass with a total of 150 grams and move the system to a new position near the bottom of the meter stick. Mark the location on the meterstick using masking tape. Also use masking tape to mark a final location at least 40 cm higher. Define these two physical states as the initial and final states for Task 1 and explain that the students are now to specify what the robot should do as work, in units of joules. Give them time to answer questions 1, 2 and 3 on the Report Form, and then compare answers from the different groups. If there are variations in the answers, ask for further justification from each group but do not indicate who is right or wrong. Start with the lowest proposed value for the work and test all proposals. (Very high estimates may require you to shut down the robot by pressing enter before the mass hits the top pulley.) Have students complete question 4 on the Report Form. Ask groups with an incorrect prediction to include an explanation of what was wrong about their prediction. The physical results will always have some variation, so it may be necessary for you to make judgments about what is “close enough” and also to catch cases in which students were right by chance.
Display the calculator’s graph of force vs. displacement and discuss the interpretation of the graph. Note that the force remains essentially constant, and that the work done by the robot can be calculated as W = F d, which corresponds to the area of the rectangle under the line on the graph.
Task 2 – Keep the 150 grams at its “final” position reached in task 1, adjusting it slightly up or down if necessary to match the calculated target. Redefine this to be the “initial” state for Task 2, and move the lower tape to define a new “final” position for the second task. Repeat the process described for Task 1.

Display the calculator’s graph of force vs. displacement and discuss the interpretation of the graph. Note that the force remains essentially constant, and that the work done by the robot can be calculated as W = F d, which corresponds to the area of the rectangle above the line on the graph.

Task 3 – Reconfigure the system to stretch a spring. Use the robot’s “MEASURE F & P” option to collect the necessary data for at least 2 points—one the unstretched position where F=0 and another with a force of roughly 4 N—and calculate k = ΔF/Δx. Review the equation for elastic potential energy, UE = ½ k x2, emphasizing that the stretch must be measured from the unstretched position. Be sure the groups understand where the end of the spring is located on the meter stick when the spring is unstretched and mark that location with tape.
Move the robot so the spring is stretched by about 20 centimeters and mark that location on the meter stick as the “initial” state for Task 3. Mark a lower position on the meterstick as the planned “final” state. Give the groups time to answer questions 10, 11 and 12 on the Report Form, and then test their predictions as before.

Display the calculator’s graph of force vs. displacement and discuss the interpretation. Note that the force changed in a uniform way. The work cannot be as W = F d, but it can be calculated as the area under the line.

Task 4 – Keep the spring at its final position for task 3, but add a 100-gram mass. Define this to be the “initial” state for Task 4. Leave all three pieces of tape in place and define the initial position for task 3 to be the “final” position for Task 4—except that the 100-gram mass will also go along for the ride. Give the groups time to answer questions 14, 15 and 16 on the Report Form, and then test their predictions as before.
Display the calculator’s graph of force vs. displacement and discuss the interpretation. The work can be calculated geometrically in that same way as that of Task 3.

Part 2: Work Done against Friction
Task 5 – Verify before starting that the robot and block move as intended backwards and forwards. It might be necessary to use 2 meter sticks on similar guides to keep the block in line as the robot backs up. Position at least one meterstick beside the block and verify that the robot can move over the meterstick without hitting it. Mark an initial location, an intermediate location about 75 cm forward and a final location which will require the robot to back up by 25 cm. Before running the robot program, have the students answer questions 1 and 2 (but not question 3) on the Report Form. They may be disturbed that all the energy values are zero, but question 2 really is that easy. Run the robot in “SPECIFY A JOB” / “DISPLACEMENT” mode. Have the students record the resulting work and answer the remaining questions associated with this task. Continue the discussion as long as necessary to help the students understand that work was also being done by the table’s surface. It is very helpful to have the students draw a free-body force diagram for the block during each of the 2 displacements.

Display the calculator’s graph of force vs. displacement and discuss the interpretation. Ask students to identify a way of calculating the work from the graph.
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Task 6 – (Depending on your group and the time available, this task can be omitted.) Determine the mass of the block and place it as shown on a ramp. Define a starting position near the bottom and a final position a few centimeters from the top. Have students record the necessary data and answer questions 9 and 10 on the Report Form. Run the robot in “SPECIFY A JOB” / “DISPLACEMENT” mode. Have the students record the resulting work and answer the remaining questions associated with this task, plus the general questions.
Display the calculator’s graph of force vs. displacement and discuss the interpretation. Ask students to identify a way of calculating the work from the graph.

Post-Activity Discussion

Review the Law of Conservation of Energy, emphasizing that it does apply to both conservative and non-conservative forces. Also emphasize the importance of clearly defining system boundaries and the importance of clearly distinguishing the object doing the work from the object upon which work is being done.
Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) A spring is hung from a stand. With no mass attached, the spring is 20.0 cm long. When a 3.71-kg mass is suspended from the spring, the spring’s total length increases to 66.5 cm. Find:

a. the spring constant, k, and

b. the energy that could be released from the spring when the mass is removed.

2) A 45.2-gram bolt works loose from a bridge and falls to the ground 18.3 m below. The bolt penetrates 3.8 cm into the mud where it strikes. Find

a. the gravitational potential energy of the bolt just before it falls,

b. the work done by the ground to stop the bolt, and

c. the average force exerted by the bolt on the mud.

3) A 25,500-kg truck is moving at 12 m/s when it starts down a 5( incline in the Canadian Rocky Mountains. The driver notes that the elevation at the start of the descent is 1530 m above sea level.  When she reaches the bottom of the incline, the truck is moving at 26 m/s and the elevation is 1350 m.  Find the work done by the brakes or other non-conservative forces during the descent.

4) Who will be moving the fastest?

Four skiers all with the same mass select different routes from the top to the bottom of a hill. Each starts from rest and descends a vertical distance of 30 m, but the skiers take different amounts of time to complete the trip, and the shape of the incline is different for each one as shown below. Assume that all of the slopes are perfectly smooth, with no friction and no drag force.
Rank the skiers according to their instantaneous speeds at the bottom of the hill, from the one moving the fastest to the one moving the slowest. Clearly indicate any ties.
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	A


Mass = 80 kg


Time = 8 s
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	B


Mass = 80 kg


Time = 9 s
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	C


Mass = 80 kg


Time = 7 s
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	D


Mass = 80 kg


Time = 6 s




Fastest final speed 1____ 2____ 3____ 4____ Slowest final speed

Or, all 4 will have the same final speed _____

Explain the reasoning for your ranking. ____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

How sure were you of your reasoning? (Circle one)

Basically guessed             Sure                     Very sure

    1     2     3     4     5     6     7     8     9     10

Extending the Activity

The latest data for force and displacement is retained in the calculator after the program is ended, stored as lists LF and LD respectively. The latest graph can still be viewed and analyzed on the calculator, of the data can be transferred through TI-Connect to a computer for analysis there. Students at the pre-calculus or calculus levels can proceed with further analysis, for example exploring the mathematical relationship between force and displacement, perhaps investigating both analytical integration to find the work and alternative techniques for the numerical integration.
Ask students to design other tasks which the robot can carry out.

Advanced students can improve the algorithms which the SAMTOW program uses to find the specified target or to calculate the total work done. A program listing is provided online at www.mathmachines.net.

Troubleshooting
If the system fails to operate, check all connecting cables and make sure the batteries in the LabPro are fresh and that the LabPro’s operating system is version 6.26 or later. . Load and run DCUINIT to verify that the calculator and interface are communicating correctly. The upgrade and instructions are available on Vernier’s website at http://www.vernier.com/calc/flash.html.
The SAMTOW program requires over 4000 bytes of calculator RAM. If you encounter “out of memory” errors, you need to archive other programs and data in your calculator. In its final search for the correct location, SAMTOW calls the program SAMGO and the list, LSAM, both of which must be loaded and unarchived in your calculator.
Additional Resources
· Investigating Safely: A Guide for High School Teachers by Juliana Texley, Terry Kwan and John Summers, NSTA Press, 2004, ISBN10: 0-87355-202-4, available from http://store.nsta.org.

· The teaching of work and energy to introductory students has been the subject of considerable discussion within the physics education community and there is significant controversy particularly with regard to appropriate teaching strategies related to work done by friction. Teachers wishing to investigate this literature might start with Carl Mungan’s article, “A Primer of Work-Energy Relationships for Introductory Physics,” published in the Physics Teacher, Jan. 2005, Volume 43, Issue 1, pp. 10–16. The article is also available online at http://usna.edu/Users/physics/mungan/Publications/TPT6.pdf. Discussion of that article continued with a letter to the editor from Cliff Swartz in the August 2005 issue (Volume 43, Issue L2) together with a response from Dr. Mungan.
· Another opinion about the concept of work has been expressed by Robert Hilborn in “Let’s Ban Work from Physics!” Physics Teacher, Oct. 2000, Volume 38, Issue 7, p. 447
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