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Physics Topics: Friction, Formulas and Technology.
Grade Level: Secondary
Outline of Lesson 
• Asking - What are a couple of questions the teacher could ask?
· What is friction?

· Does weight change friction?

· How do different surfaces compare with respect to friction?

· How does the force produced by friction change with acceleration, at constant speed or at rest.

• Exploring - How would students explore the STEM concept using the robot?

The students will the Robot pull a block with a spring scale or force probe over a variety of surfaces. This will allow them to understand coefficient of static and kinetic friction and what factors will affect friction using scientific investigation. Using a force probe with Logger Pro software will add additional levels of technology into the lesson.

• Instructing - What STEM concept is being taught or a feature of a concept topic?

   The lesson will teach formulas, but focus primarily on the friction formula, Ff=μFn. The lesson will also teach scientific method, use of technology to collect and analyze data.  

• Organizing – 

Students will collect, analyze, and display data using the computer. The students will produce a lab report showing their experiment. 

• Understanding - How will you measure understanding?  

Students will produce a lab repot with purpose, hypothesis, variables, materials, procedure, data,

calculations, graph and conclusion.
Activity Description:

Students will use the CEEN bots to pull a spring scale that is pulling a block of wood over several surfaces. The spring scale can be replaced with the Vernier force probe and the Logger Pro software to analyze the data.
Standards: 
OPS Physics P01, P02, P03, and P04

NRC Science A1, A2, B1, B3, E1, E2
NCTM Mathematics A1, A2, B1, B2,B3, D1,D2
ISTE Technology B1, B4, C4,D3, and F1

ASKING Questions (What’s the rub?  It’s all about friction.)
Summary: Students are asked to recall and synthesize previous information while developing an understanding of the concept of moving friction.
Outline:

· What is friction?

· What does moving at a constant speed mean?  How do we demonstrate this with the robot?
· What is the net force on the block?
· Does weight change friction?

· How do different surfaces compare with respect to friction?

· How does the force produced by friction change with acceleration, at constant speed or at rest.

Activity: 


Students will use the CEEN bots to pull a spring scale that is pulling a block of wood over several surfaces. The spring scale can be replaced with the Vernier force probe and the Logger Pro software to analyze the data.

	Questions
	Possible Answers

	· What does it mean that the robot is moving at a constant speed?
	At a constant speed the net force on the block is zero. This implies the force of friction and the force pulling the block are equal. If we can measure the force we can calculate the coefficient of kinetic friction for the block.

	· What is friction?

	The force that opposes motion.

	· Does weight change friction?


	It should. In the formula Ff=μFn the normal force is mass multiplied by the force of gravity or mg.

	· How does the force produced by friction change with acceleration, at constant speed or at rest.
	There is a different friction for objects at rest (called static). The force for motion should remain the same but with this set up we can only calculate it if it at a constant speed.


EXPLORING Concepts (What’s the rub?  It’s all about friction)
Summary: Students explore that there is no net force at constant speed, friction is a force that opposes motion, weight will change friction, and surface will change friction force.   

Outline:

· Students will use the CEEN bots to pull a spring scale that is pulling a block of wood over several surfaces. The spring scale can be replaced with the Vernier force probe and the Logger Pro software to analyze the data.
· Changes in friction can be observed

Activity: 

Pre lab: Discussion of concepts

Lab: See Below

Post Lab: Review of the lab and what we learned.
Students will break into assigned groups of three. Each group will gather equipment and set up their lab station. Several groups will start out with a CEENbot to drive the block at constant speed. Other groups will have to build a device out of random parts to pull the block at constant speed. This will keep all groups busy while we wait for CEENbots. The students will drag the block 3 times each at a constant speed and take an average.  The force the block is dragged at is equal to the friction force if the block is not speeding up or slowing down.  If this value can be measured, and the normal force can be calculated, then we can use the formula Ff=μFn to solve for the coefficient of friction. The teams will calculate the value for several surfaces. One run of tree will be dragged over sandpaper, one over silk and one across the table. Each group must turn in a lab reports with calculated values for coefficient of kinetic friction that are compared to a list of accepted values. Any values 10% off or more must be accompanied with an explanation of what happened.
All reports must be typed and document not only the design process but the science steps. Students will produce a lab repot with purpose, hypothesis, variables, materials, procedure, data, calculations, graph and conclusion.
INSTRUCTING Concepts (What’s the rub?  It’s all about friction)
Note: The instructing concepts section will be provided by the instructional writing team. The final instructing content section may look different from the one shown below. This sample is provided here so that this sample lesson shows all A, E, I, O and U components.

ORGANIZING Learning  (What’s the rub?  It’s all about friction)
Summary: Students will produce lab reports. All reports must be typed and document not only the design process but the science steps. Students will produce a lab repot with purpose, hypothesis, variables, materials, procedure, data, calculations, graph and conclusion.
Outline:

· Collect data as the block slides across different surfaces.
· Vary the surface the block slides across different surfaces.
· Data includes mass, distance, speed, force.
· Calculations of the coefficient of friction
· Graph data of the friction for the block with different masses added. (extension idea)
Activity:


The teams will calculate the value for several surfaces. One run of tree will be dragged over sandpaper, one over silk and one across the table. Each group must turn in a lab reports with calculated values for coefficient of kinetic friction that are compared to a list of accepted values. Any values 10% off or more must be accompanied with an explanation of what happened.

All reports must be typed and document not only the design process but the science steps. Students will produce a lab repot with purpose, hypothesis, variables, materials, procedure, data, calculations, graph and conclusion.
UNDERSTANDING Learning (What’s the rub?:It’s all about friction)
Summary: The class will be evaluated on two things. Students will produce a lab report that will be graded on a rubric. The students will also be evaluated on their lab technique and participation. 
Lab rubric:

Design process: up to 10 points Does the design work? Was it well documented? How simple is the solution?

 Purpose: Up to 5 points. Is the purpose of the lab stated clearly?

Hypothesis: Up to 2 points. This is more a proof-of-concept than a true investigation. 
Variables: Up to 6 points. Students should list the independent, dependent and some controlled variables. For this lab the independent variable will be the surface and the dependent will be coefficient of friction. 
Materials: Up to 2 points.
Procedure: Up to 10 points. Is the procedure easy to follow? Is it complete? Is it written as instructions or a “diary”?
Data: Up to 10 points. Is the data organized into charts? Do the numbers make sense? Is all the data recorded?
Calculations: Up to 10 points. Are the sample calculations correct? Is the work well documented?
Conclusion:  Up to 10 points Is the purpose restated? Is the hypothesis restated? Is the data summed up? What went right? What went wrong?
PAGE  
1

