TIME TO CLIMB
FACILITATOR NOTES

Overview
In this activity you and your teammate will control a stepper motor to raise a “Lego Man” from the table top up to a pulley wheel. The program TCLIMB allows a user to input the time T the motor will run. The smaller T is the faster the motor will have to run to complete the climb. To make this automatic, you will need to construct a function that will calculate the angular velocity U (deg/sec) of the motor so that Lego man can make the climb in the inputted time T. 

Goal of the Activity

· To understand the utility of a variable in algebra.

· To construct a function with an input and an output that can be used to automate a mechanical system.

· To understand a function as a dynamic relationship between two variables.

· To better understand measurement and measurement error.

Standards 
NCTM Standards (9-12 expectations)
Understand patterns, relations, and functions
--
generalize patterns using explicitly defined and recursively defined functions
Represent and analyze mathematical situations and structures using algebraic symbols

--
use symbolic algebra to represent and explain mathematical relationships

--
use symbolic expressions, including iterative and recursive forms, to represent relationships arising from various contexts

AMATYC Content Standards (2-year college)
C-2 Symbolism & Algebra

--Students will translate problem situations into their own symbolic representation and use those representations to solve problems.

C-4 Function

--Students will demonstrate understanding of the content of function by several means and incorporate it into their use of mathematics.

Equipment/Software Needed
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Calculator-controlled Pointer, CBL/LabPro, TI-83/84 Graphing Calculator, large clamp to secure motor to table, 3-in pulley wheel for pointer, 1 or 2 pulleys for top of stand (see picture), string/fishing line, Lego-man, masking tape, and meter stick. 

PROGRAMS: SAMGOST, SAMPIVST 
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Activity Set Up

The calculator-controlled pointer will need at a 3” diameter pulley wheel for this activity. Wrap enough string or fishing line around the pulley to reach the Lego man. You will need to clamp the motor to the table. If the clamp is metal as the one shown in the picture, you may want to use a small soft pad to protect the motor box. A power cord to reach to a nearby outlet may also be needed along with a digital cable for the CBL/LabPro.
Make sure that the pulleys on the stand line up with the pulley on the motor box.
Run the POISETUP program to configure the calculator to the motor set the default speeds. The maximum speed must be highest speed that the motor is capable of lifting Lego man to the top. Run POISETUP and experiment with different speeds to see what’s possible. In our activity, we used a 4004-014 motor and found that it was capable of lifting Lego man at 180 deg/sec. 
Students will need measuring sticks to measure the height Lego man will need to travel. 

Load the calculator programs. NOTE: TCLIMB is designed so that the student can’t easily use it to run the motors at various speeds. This could over simplify the problem especially if you are trying to get them to think. 
Pre-activity Discussion

SAM is a stepper motor robot. The stepper motors turn in step increments. Demonstrate this to the students by having them turn one of the wheels with their hand and feeling the “clicks” the motor makes. The calculator program SAMGOST allows the user to tell the motors how many “clicks” or steps the motors should make. 480 steps will make the wheels turn one complete revolution. Although this program gives the user control of the motors it would be better to control them by the distance they want the robot to travel. Since the stepper motors operate in steps, a function is needed to convert distance to steps.  
Facilitating the Activity
Have students read the activity and be prepared to help them understand what their task is. As students work on this activity some may want to know specifically how fast you want the robot to go. Although solving a specific problem can be the first step in using variables to create a general formula, the student should realize that the goal is to construct a function that generalizes the conversion from distance to steps, a function that can be used to make the robot go any distance. The input is distance D and the output S is the value that SAMGOST will use to operate the motor.  

To construct the function: 

Make sure to witness the success of each task. 
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If the angular velocity of the pointer is measured in radians/sec then the calculation simplifies and the formulas in the book are a little easier for the students to work with.  
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A variation on the above formula can be made for the angular velocity measured in deg/sec.
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Post-Activity Discussion

Remind them what the textbook definition of a function is and discuss the concept of an input variable and output variable in the context of operating the pointer. Ask students how the use of algebra was so important in this activity.  
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The variables U & T are indirectly proportional with the constant of proportionality being in either degrees or radians. The function 
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 is a power function with graph:
Group Activity Questions
See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1)
If SAM the robot moves 15 cm. in 250 steps, what is a function that inputs distance D and outputs steps S? 

2)
Find a function y if y is directly proportional to x and y = 6 when x = 8. Give the function and then use it to find y when x = 5.

3)
Find a function r if r is directly proportional to the square of n and r = 4 when n = 25. Give the function and then use it to find r when n = 16.

4)
Hooke’s law states that the forces needed to stretch a spring is proportional to the amount the spring is stretched. If  10 lb. stretches a certain spring 4 in., find a function that will give the distance the spring stretches for any force. Use descriptive variables when creating your function. After you are finished, use your function to find the distance the spring stretches if the force is 6 lb. 

Extending the Activity

N/A
Troubleshooting

If the robot fails to operate, check all connecting cables. Check to make sure wheels are on tight and not slipping. If problem persists, check to make sure CBL/LabPro batteries are not low. 

Additional Resources

N/A.
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