Course:  Physics

I.
Grade Level/Unit Number:
Physics Unit 3
II:
Unit Title:

Forces
III.
Unit Length:

10 days (block schedule) or 18 days (traditional schedule)
IV. Major Learning Outcomes:
This unit is focused on the concept of forces. Students will learn about the relationships between force, mass, and acceleration.  Students will examine Newton’s three laws of motion, including inertia, F=ma, and action-reaction pairs of forces.  Students will extend the study of forces to include normal forces, friction, and weight.  Specifically students will be able to:

Application of Graphical and Mathematical Tools

Forces – Free Body Diagrams:
· Sketch free body diagrams showing applied, frictional, normal, and gravitational forces
· Analyze free body diagrams to find net force

· Analyze force diagrams for objects at constant velocity as well as for accelerating objects

· Resolve force vectors into their components

Forces – Newton’s Laws:
· Define inertia
· Recognize the relationship between net force and acceleration

· Calculate net force on an object Fnet = ma
· Identify action/reaction pairs of forces

· Calculate gravitational force between any two masses

Forces – Friction:

· Compare and contrast static and kinetic friction

· Calculate acceleration for objects experiencing friction forces

V. Content Objectives Included (with RBT Tags):

	COMPETENCY GOAL 1: The learner will develop abilities necessary to do and understand scientific inquiry.

	1.01 Identify questions and problems that can be answered through scientific investigations.

(RBT B2, B3, C2, C3)
	This goal and these objectives are an integral part of each of the other goals.  In order to measure and investigate scientific phenomena, students must be given the opportunity to design and conduct their own investigations in a safe laboratory.  The students should use questions and models to formulate the relationship identified in their investigations and then report and share those finding with others

Students will be able to:

· Develop questions for investigation from a given topic or problem.  



	1.02 Design and conduct scientific investigations to answer questions about the physical world.

• Create testable hypotheses.

• Identify variables.

• Use a control or comparison group when appropriate.

• Select and use appropriate measurement tools.

• Collect and record data.

• Organize data into charts and graphs.

• Analyze and interpret data.

• Communicate findings.

(RBT C2, C3, C4, C5, C6)
	· Distinguish and appropriately graph dependent and independent variables. 

· Discuss the best method of graphing/presenting particular data.  

· Use technology resources such as graphing calculators and computers to analyze data.

· Report and share investigation results with others.  



	1.03 Formulate and revise scientific explanations and models using logic and evidence to:

• Explain observations.

• Make inferences and predictions.

• Explain the relationship between evidence and explanation.

(RBT B2, B6, C2, C6)
	· Use questions and models to determine the relationships between variables in investigations. 

· Use evidence from an investigation to support a hypothesis. 



	1.04 Apply safety procedures in the laboratory and in field studies:

• Recognize and avoid potential hazards.

• Safely manipulate materials and equipment needed for scientific investigations.

(RBT B3, C3)
	· Predict safety concerns for particular experiments

· Electricity

· Projectiles

· Relate physics concepts to safety applications such as:

· Transportation: seat belts, air bags, speed…

· Short circuits, circuit breakers, fire hazards

	4.01 Determine that an object will continue in its state of motion unless acted upon by a net outside force (Newton's First Law of Motion, The Law of Inertia).
(RBT C3, C4, B4)
	· Observe motion and draw force diagrams for objects moving at constant velocity with very little friction (examples:  air track, air puck, balloon puck, dry ice)

· Identify that the state of motion must be a constant velocity, including zero velocity, unless acted upon by a net force.

· Define inertia.

	4.02 Assess, measure and calculate the conditions required to maintain a body in a state of static equilibrium.
(RBT: B4, C3, C4, D5, D6)

	· Describe forces as interactions between two objects, including contact and forces at a distance.

· Recognize that force is a vector quantity.

· Define normal force.

· Represent the forces acting on an object using a force diagram.

· Analyze force diagrams to calculate the net force on an object.

· Determine that the net force acting on an object in static equilibrium is zero.

· Design and conduct investigations of objects in static equilibrium. (Torque and rotational equilibrium are enrichment topics.)

	4.03 Assess, measure, and calculate the relationship among the force acting on a body, the mass of the body, and the nature of the acceleration produced (Newton's Second Law of Motion).
(RBT: C3, C4, D5, D6)
	· Design and conduct investigations of force and acceleration.  

· Experimentally verify the proportional relationships among acceleration, force and mass.

· Apply proportional reasoning to the relationship between force and acceleration when mass is constant.

· Apply proportional reasoning to the inverse relationship between mass and acceleration when force is constant.

· Analyze force diagrams for accelerating objects. (solve for mass, acceleration, various forces)

· Calculate the net force on an object: Fnet = ma

	4.04 Analyze and mathematically describe forces as interactions between bodies (Newton's Third Law of Motion).
(RBT:  B2, B4, C4, C5)
	· Identify interaction pairs of forces for contact forces and forces at a distance.

· Analyze Newton’s Third Law as the relationship evidenced by

Force of Object A on Object B = -Force of Object B on Object A

· Observe and experimentally measure equal and opposite forces using pairs of spring scales or force sensors.


	4.05 Assess the independence of the vector components of forces.
(RBT: C3)
	· Resolve forces into components.

· Apply Newton’s Laws of Motion to the perpendicular components of force in the following examples:

a. objects pulled or pushed along a horizontal surface by a force at an angle to the surface;

b. objects sliding down an inclined plane;

c. three concurrent forces acting on an object in static equilibrium.

	4.06 Investigate, measure, and analyze the nature and magnitude of frictional forces.
(RBT: B2, B3)
	· Describe friction as a contact force.

· Distinguish between static friction and kinetic friction.

· Solve quantitative problems with frictional forces. (coefficient of friction is an enrichment topic)

	4.07 Assess and calculate the nature and magnitude of gravitational forces (Newton's Law of Universal Gravitation).

(RBT: C4, C5)
	· Calculate gravitational force between any two masses:  
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· Apply proportional reasoning to the inverse square relationship between gravitational force and the distance between the centers of two known masses.

· Apply proportional reasoning to the direct relationship between gravitational force and the product of masses.

· Determine the force of gravity (weight) of an object:  
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	Honors

(RBT: C6, D4)

	Suggested Honors Project: Balsa Wood Bridges
Honors topics: torque, coefficient of friction


VI.
English Language Development Objectives (ELD) Included:

NC English Language Proficiency (ELP) Standard 4 (2008) for Limited English Proficiency Students (LEP)- English Language learners communicate information, ideas, and concepts necessary for academic success in the content area of science.
Suggestions for modified instruction and scaffolding for LEP students and/or students who need additional support are embedded in the unit plan and/or are added at the end of the corresponding section of the lessons. The amount of scaffolding needed will depend on the level of English proficiency of each LEP student. Therefore, novice level students will need more support with the language needed to understand and demonstrate the acquisition of concepts than intermediate or advanced students.

VII. Materials/Equipment Needed:
Most of the activities for this unit use inexpensive and simple materials.  Those materials can be found here.

	Varying masses: (50 g, 100 g, 200 g, etc)
	Ramp (board or two triangle meter sticks)


	Optional: motion detectors, LabPros or CBL IIs, TI Calculators or computers

	Meter sticks
	Tape
	Optional: balsa or basswood, buckets, chain, small blocks of wood, eye bolts, sand

	Stopwatches
	Electronic or triple beam balances
	

	Dynamics carts
	Matchbox cars or golf balls
	

	Pulleys mounted on clamps
	
	

	string
	
	


VIII. Detailed Content Description:

Please see the detailed content description for each objective in the Physics Support Document.  The link to this downloadable document is in the Physics Standard Course of Study at:

http://www.ncpublicschools.org/curriculum/science/scos/2004/27physics
IX. Unit Notes:

Overview of Unit Three:

This unit is focused on the concept of forces. Students will learn about the relationships between force, mass, and acceleration.  Students will examine Newton’s three laws of motion, including inertia, F=ma, and action-reaction pairs of forces.  Students will extend the study of forces to include normal forces, friction, and weight.  

The Unit Guide below contains the activities that are suggested to meet the Standard Course of Study (SCOS) Goals for Unit Three.   The guide includes activities, teacher notes on how to implement the activities, and resources relating to the activities which include language objectives for LEP (Limited English Proficient) students.  Teachers should also consult the Department of Public Instruction website for English as a Second Language at: http://www.ncpublicschools.org/curriculum/esl/  to find additional resources.  If a teacher follows this curriculum (s)he will have addressed the goals and objectives of the SCOS.   However, teachers may want to substitute other activities that teach the same concept.  Teachers should also provide guided and independent practice from the textbook or other resources.

Physics Support Document

Teachers should also refer to the support document for Physics at http://www.ncpublicschools.org/curriculum/science/scos/2004/27physics for the detailed content description for each objective to be sure they are emphasizing the specified concepts for each objective.  

Reference Tables

The North Carolina Physics Reference Tables were developed to provide essential information that should be used on a regular basis by students, therefore eliminating the need for memorization.  It is suggested that a copy be provided to each student on the first day of instruction.  A copy of the reference tables can be downloaded at the following URL:

http://www.ncpublicschools.org/docs/curriculum/science/scos/2004/physics/referencetables.pdf
Essential Questions for Unit Three
Essential questions are those questions that lead to student understanding.   Students should be able to answer these questions at the end of an activity.  Teachers are advised to put these questions up in a prominent place in the classroom.  The questions can be answered in a journal format as a closure.

1. What is the relationship between net force, velocity, and acceleration?
2. What is inertia?

3. What are action-reaction pairs of forces?

4. How can the forces acting on an object be identified and represented in a free body diagram?

5. How can a free body diagram be used to calculate net force?

6. What conditions must be present for an object to be in static equilibrium?

7. What are the differences and similarities between contact and field forces?

8. How can force vectors be resolved into components that can be used to find net force?
9. What is the difference between kinetic and static friction?

10. What are the factors that affect gravitational force?

11. How can you determine the weight of an object?

Modified Activities for LEP Students

Those activities marked with a ( have a modified version or notes designed to assist teachers in supporting students who are English language learners.   Teachers should also consult the Department of Public Instruction website for English as a Second Language at: http://www.ncpublicschools.org/curriculum/esl/  to find additional resources.  

Computer Based Activities

Several of the recommended activities are computer based and require students to visit various internet sites and view animations of various biological processes.  These animations require various players and plug-ins which may or may not already be installed on your computers.  Additionally some districts have firewalls that block downloading these types of files.  Before assigning these activities to students it is essential for the teacher to try them on the computers that the students will use and to consult with the technology or media specialist if there are issues.  These animations also have sound.  Teachers may wish to provide headphones if possible.  

Web Resources

The web resources provided on this page were live links when the unit was designed. Please keep in mind that as individuals make changes to websites, it is possible that the websites may become inactive. These resources are provided to supplement the activities in the unit. Some of the resources can be used as to supplement your teacher-led discussions by projecting them for the class. Other activities require students to have access to computers. 

WEB RESOURCES FOR UNIT THREE

1. The following websites are excellent online resources for engaging students with formatting “free body diagrams”.  Preview the sites and create a sheet for students to draw their own free body diagrams for evaluation.  The first site provides instructional information.

http://physics.wku.edu/phys201/Information/ProblemSolving/ForceDiagrams.html
http://www.glenbrook.k12.il.us/GBSSCI/PHYS/shwave/fbd.html    (a sample sheet is included at the end of this document)

 http://www.physics.uoguelph.ca/tutorials/fbd/Qmenu.htm
http://physics.bu.edu/~duffy/semester1/c5_fbd1.html
Excellent problem sheets for free body diagrams:  http://srri.umass.edu/files/mop_samples/Act050.pdf
http://staff.imsa.edu/science/adphysweb/Chapter%204%20Problem%20Set.pdf
http://webphysics.davidson.edu/physlet_resources/assessment/assessment/thirdl aw_eval.pdf
http://webphysics.davidson.edu/physlet_resources/assessment/worksheets/thirdlaw_worksheet.pdf
http://www.lghs.net/teachers/science/rpeters/physics/handouts/How%20to%20Draw%20Force%20Diagrams.pdf
http://dev.physicslab.org/Document.aspx?doctype=5&filename=Dynamics_FreebodyDiagrams1.xml
2. An online quiz for Newton’s Three Laws is available at http://www.smgaels.org/physics/home/marys_java/forces/3lawsReviewQ.html
3. Animations on force unit for class viewing, homework or in computer lab are available at http://wps.aw.com/aw_young_physics_11/13/3510/898588.cw/content/index.html#Forces%20and%20Motion
4.  The FORCE CONCEPT INVENTORY is available at http://www.flaguide.org/tools/diagnostic/force_concept_inventory.php
This is an excellent pretest and posttest for force concept understanding.  As a teacher, you must email the test developers for a password to access the test.  Answers should not be provided to students.  All information is provided at this site.

5. Video Analysis at this site provides data collection for schools without an air track. http://physics.doane.edu/physicsvideolibrary/default.html#tension
6. Forces on an incline plane are especially difficult. The following resources are available as online tutorials or whole class instruction.

 http://www.walter-fendt.de/ph14e/inclplane.htm
http://highered.mcgraw-hill.com/sites/0070524076/student_view0/interactives.html
http://www.sciencejoywagon.com/explrsci/media/incplane.htm
7. A very good force vector review is available at http://www.smgaels.org/physics/home/hand_4/regentsReviewSheets/vectorReview.htm
8.  For an excellent at home resource or for whole class presentation, view the video source at http://www.physclips.unsw.edu.au/
9.  This video introduces the main ideas of the Universal Law of Gravitation at http://ia300140.us.archive.org/2/items/AP_Physics_B_Lesson_19/Container.html
10.  Bill Nye introduces the Universal Law of Gravitation in his series “Greatest Discoveries” at http://www.cosmeo.com/videotitle.cfm?guidassetid=1869CBF4-CF8E-483F-970D-F2A277A95534
11.  Free Body Diagram Activity at http://www.glenbrook.k12.il.us/GBSSCI/PHYS/shwave/fbd.html
    (Learning guide provided below.)

Free Body Diagram Activity

NAME: ___________________________________  Date __________ Period ______
Draw and label the forces acting in each problem.
	1.  



	2.  
	3.

	4.  



	5.
	6.

	7. 



	8.
	9.

	10.



	11.
	12.


X.
Global Content:  Aligned with 21st Skills:
One of the goals of the unit plans is to provide strategies that will enable educators to develop the 21st Century skills for their students. As much as students need to master the NCSOS goals and objectives, they need to master the skills that develop problem solving strategies, as well as the creativity and innovative thinking skills that have become critical in today’s increasingly interconnected workforce and society.  The Partnership for 21st Century Skills website is provided below for more information about the skills and resources related to the 21st Century classroom. 

http://www.21stcenturyskills.org/index.php?option=com_content&task=view&id=27&Itemid=120
	NC SCS Physics
	21st Century Skills 
	Activity

	
	Communication Skills
	

	Goal 1, 3.01-3.05, 1.01, 4.01
	Conveying thought or opinions effectively
	· Analysis questions in all labs

	Goal 1, 3.01-3.05, 4.02, 4.03
	When presenting information, distinguishing between relevant and irrelevant information
	· Data collection in all Lab Activities 

	Goals 1-8, 3.04, 4.01, 4.07
	Explaining a concept to others
	· Sign Off—Universal Gravitation

	4.07
	Interviewing others or being interviewed
	· Sign Off—Universal Gravitation

	
	Computer Knowledge
	

	Goals 1-8, esp. Goal 1, 3.04 & 3.05, 4.02
	Using word-processing and database programs
	· Making graphs in labs

	Goals 1-8, esp. Goal 1, 3.02 & 3.05, 4.02, 4.03, 4.04
	Developing visual aides for presentations
	· Free Body Diagrams Activities

	Goal 1, 3.02, 4.02, 4.03  
	Using a computer for communication
	· Free Body Diagrams Activities

	3.02, 4.03
	Learning new software programs
	· Newton’s Second Law

· Forces in One Dimension

	
	Employability Skills
	

	Goals 1-8, 3.03-3.05, 4.02, 4.07
	Assuming responsibility for own learning
	· Free Body Diagrams

· Sign Off –Universal Gravitation

	Goals 1-8, esp. Goal 1, 2.04, 3.02, 3.05, 4.07, 6.04, 7.01, Goal 8
	Persisting until job is completed
	

	Goals 1-8, 3.01, 4.03, 4.04
	Working independently
	· Bridge Building Activity

	
	Developing career interest/goals
	

	Goal 1, 3.01, 3.02, 3.04, 3.05, 4.07
	Responding to criticism or questions
	· Sign Off –Universal Gravitation Team Project

	
	Information-retrieval Skills
	

	Goal 1. 3.01-3.03, 4.03
	Searching for information via the computer
	· Bridge Building Activity

	Goal 1, 4.03
	Searching for print information
	· Bridge Building Activity

	4.02, 4.03, 4.04, 4.06, 4.07
	Searching for information using community members
	· Newton’s Second Law 

· Forces on an Incline 

· Forces in One Dimension

· Sign Off—Universal Gravitation

	
	Language Skills - Reading
	

	Goals 1-8, 3.04, 4.02, 4.03
	Following written directions
	Most of the activities can be presented as opportunities for students to follow written directions.  The teacher will have to work with most students to develop this skill over time.  

	Goals 1-8, 4.03-4.06
	Identifying cause and effect relationships
	· Forces on an Incline 

· Newton’s Second Law

	Goals 1-8, 3.03
	Summarizing main points after reading
	

	Goal 1, 3.03, 4.01-4.07
	Locating and choosing appropriate reference materials
	· All lab activities

	Goals 1-8
	Reading for personal learning
	

	
	Language Skill - Writing
	

	Goals 1-8
	Using language accurately
	

	Goals 1-8, 4.03-4.06
	Organizing and relating ideas when writing
	· “Explain” and “Evaluate” sections in all lab activities

	Goals 1-8, esp. Goal 1
	Proofing and Editing
	

	Goals 1-8, esp. Goal 1, 4.03-4.06
	Synthesizing information from several sources
	· Free Body Activities 

· Sign Off Activity

	Goal 1
	Documenting sources
	

	
	Developing an outline
	

	1.04, 4.03-4.06
	Writing to persuade or justify a position
	· Sign Off Activity

	
	Creating memos, letters, other forms of correspondence
	

	
	Teamwork
	

	Goal 1, 2.04, 3.02, 3.06, 4.06, 6.01, 6.04, 7.01, 8.02, 8.03, 8.04, 4.03-4.06
	Taking initiative
	· All lab activities

· Sign Off Activity

	Goal 1, 2.04, 3.02, 3.06, 4.06, 6.01, 6.04, 7.01, 8.02, 8.03, 8.04, 4.03-4.06
	Working on a team
	· All lab activities

· Sign Off Activity

	
	Thinking/Problem-Solving Skills
	

	Goals 1-8, 4.03-4.06
	Identifying key problems or questions
	· All lab activities 

· Sign Off Activity

	Goals 1-8, 4.03-4.06
	Evaluating results
	· All lab activities 

· Sign Off Activity

	Goals 1-8
	Developing strategies to address problems
	

	1.01, 2.04, 3.02, 3.06, 4.06, 6.01, 6.04, 7.01, 8.02-04
	Developing an action plan or timeline
	


TEACHER NOTES:



Sample Answers to Questions:


 Newton’s First Law

1. Turn off friction (in box on right) and apply the same force to the different objects.  Make some observations below relating mass and acceleration.  

(Any acceptable observations from students)

Inertia is a measure of the    mass     of an object!  (ratio of force to acceleration is also a good answer)

2. Apply a force of short duration to one object and observe what happens.  Select the various graphs to aid you in a complete description of the object’s motion.  Does the object keep moving after the force stops acting?  yes
Does the object accelerate after the force stops acting?  No                      

How does this illustrate Newton’s Law of Inertia?  A force must be applied to a mass to change the motion of an object.            

3. Apply a force of short duration to one object and describe what you have to do to stop the object after the force is applied.  Apply another force in the opposite direction.

Newton’s Second Law

1. Design a process to determine how force, mass and acceleration are related. (Please use the motion graphs on the page). Describe your procedure below.

Student answer

2. Use this chart to display the data that you collect.  

	Force Applied 

(N)
	Measured Acceleration (m/s2)
	Ratio of Force to Acceleration (N/(m/s2))
	Mass (kg)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


3. Based on your data, what is the equation that relates mass, force and motion?

F = ma or m = F/a

Friction as a Force

1. Click the box that activates friction.  Explain why the file cabinet does not move when the applied forces are small.  

Possible answer: “the force is not large enough to overcome the frictional force”.

2. What happens to the size of the force of friction when the filing cabinet finally begins to move?

It decreases in size once the cabinet is moving.

Evaluate:

Please complete four sentences that describe some physics principles that you discovered in this simulation.

1-4.  Student answer
Forces in One Dimension

NAME:

“Explore the forces at work when you try to push a filing cabinet. Create an applied force and see the resulting friction force and total force acting on the cabinet. Charts show the forces, position, velocity, and acceleration vs. time. View a Free Body Diagram of all the forces (including gravitational and normal forces).”

from PhET Simulations (Physics Education Technology):  

http://phet.colorado.edu/new/simulations/sims.php?sim=Forces_in_1_Dimension
Introduction:

1.  Log onto the PhET site and explore using the controls.

2.  After a few minutes of exploration, ask for help if you are unable to see how to control the forces and display the graphs of force vs. time and acceleration vs. time. There are several ways to apply forces: 1) click and drag on the object you are trying to move, 2) use the slider on the left hand side of the page to choose a force then click on “go” to begin applying the force or 3) use the free body diagram to change the force.  The free body diagram is found on the top right of the screen.

Investigation:

Free Body Diagrams

1. In the upper right hand box you see a “free body diagram”. This is a very important tool in force investigations and in solving force problems. Forces are vectors and a “free body diagram” illustrates ALL the forces acting on just the one object.  

Example:    FN – normal or perpendicular force – a force acting on an object that touches a surface.  The normal force is always perpendicular to the surface and points away from the surface toward the object.

Create three possible forces on your free body diagram.  The box below starts at rest on a table and is pulled to the right.  Draw and label the forces as they act on the box shown below.



2. What does “Net Force” mean?  

How does a free body diagram help determine the “Net Force”?                                                                                   

Does the direction of the force matter?                         Why or why not?

Newton’s First Law

1. Turn off friction (in box on right) and apply the same force to the different objects.  Make some observations below relating mass and acceleration.  


Inertia is a measure of the __________ of an object!

2. Apply a force of short duration to one object and observe what happens.  Select the various graphs to aid you in a complete description of the object’s motion.  Does the object keep moving after the force stops acting?

Does the object accelerate after the force stops acting?                        

How does this illustrate Newton’s Law of Inertia?              

3. Apply a force of short duration to one object and describe what you have to do to stop the object after the force is applied.

Newton’s Second Law

4. Design a process to determine how force, mass and acceleration are related. (Please use the motion graphs on the page). Describe your procedure below.

5. Use this chart to display the data that you collect.

	Force Applied 

(N)
	Measured Acceleration (m/s2)
	Ratio of Force to Acceleration (N/(m/s2))
	Mass (kg)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


6. Based on your data, what is the equation that relates mass, force and motion?

Friction as a Force

2. Click the box that activates friction.  Explain why the file cabinet does not move when the applied forces are small.  Have you ever seen this happen?

3. What happens to the size of the force of friction when the filing cabinet finally begins to move?

Evaluate:

Please create four sentences that describe some physics principles that you discovered in this simulation.

1.

2.

3.

4.  

Newton’s Second Law


Other Notes:

Method 1 is included for schools without Vernier or Pasco Technology.  It will be less precise than Method 2.  Encourage students to measure two or three times for each trial and enter the average time into the data chart. Remind students that starting velocity is zero so that y = ½ at2.   The equation for acceleration is “a” = 2y/t2.   Students may graph their data using graph paper, Excel or Graphical Analysis. The plot of force vs. acceleration should yield the total mass of the system.  Remind students that the net force acting is the weight (mg) of the hanging mass alone.  The mass on the table is balanced by the normal force of the table. The total mass, once decided upon, must not be changed either by adding more mass or removing mass.
Method 2 incorporates the technology provided by a motion detector and either a computer or TI calculator with the Vernier LabPro.  Any data recorded when the hanging mass is closer than 20 cm will not be valid but is easily omitted from the best fit.  When students highlight on the section of the graph that appears linear, the software calculates the best fit line for that section only. The hanging mass should start at least 50 cm above the motion detector.  If data is not very consistent it may be that the motion detector is not picking up the falling mass.  Simply tape a 5( by 7( note card to the bottom of the hanging mass.  The velocity vs. time graph may be selected simply by clicking on the axes labels and selecting the correct choices.  At this point remind students that the slope of velocity vs. time is acceleration vs. time. (This works much better with the motion detector than attempting to directly measure acceleration). The total mass, once decided upon, must not be changed either by adding more mass or removing mass.
Answers to Questions:

1.  Student answer—accept any reasonable answer. 

2.  Slope of Weight of hanging mass (accelerating force) vs. acceleration is linear as      Fnet = ma.  

3.   The mass was moved to create an unbalanced force to accelerate the system and       yet keep total mass constant.

4.  Force (weight of hanging mass) and acceleration are variables.

5.  Total mass is constant.

6.  The slope of Force vs. Acceleration should measure the total mass of the system      (cart + mass on cart + hanger + mass on hanger) that is accelerated.

7.  Percent Error = | slope – total mass|/ (total mass)   x 100 %

Newton’s Second Law Lab

Name: 

Background:  One of the most important laws of physics is Newton’s Second Law: The law states that the sum of all forces acting on an object is proportional to the acceleration of a given mass. For a larger mass a greater force must be applied to produce a constant acceleration.  We can say this very simply with the equation Fnet = ma.  If the mass being accelerated by a force is held constant, then the force is directly proportional to the acceleration of the mass.  

Materials:  

Method 1: Varying masses (such as 50 g, 100g, 200g), meter stick, stopwatch (or a substitute), dynamics cart, pulley mounted on a clamp, string

Method 2: Varying masses (such as 50 g, 100g, 200g), some type of mass holder, meter stick, dynamics cart, pulley mounted on a clamp, string, motion detector, computer or calculator interface such as Lab Pro or CBL II, computer or TI calculator 

Procedure:  Study the diagram below.

1)  For either procedure, you shall transfer mass from the dynamics cart to the hanging mass.  Select a total mass as your starting point (perhaps 300 g + mass of the dynamics cart).  Include the mass of the object that supports the hanging mass. Start by moving 50 g at a time until the cart starts to accelerate starting from rest.  Increase the hanging mass by 50 g for four more times to obtain five trials.

2)  In method one, measure the distance from the bottom of the hanging mass to the floor.  When the hanging mass starts to move, start to time and when the bottom of the mass hits the floor note the final time.  Using y = ½ at2 and solving for acceleration, replace “y” (in meters), “t” (in seconds) and “a” (in m/s2) in data chart 1.

3)  For method two, set up the motion detector to measure velocity as a function of time.  The slope of the regression line will yield the value of acceleration.  Place the value in the chart for each of your trials.

Choose the method indicated by your teacher.

Chart 1—Method 1    Total Mass of Moving System = __________  kg

	Trial
	Distance above floor (m)
	Time of falling (s)
	Acceleration

(m/s2)
	Weight of Hanging Mass (N)

	
	
	t1
	t2
	t3
	tavg
	
	

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	


 Chart 2—Method 2    Total Mass of Moving System = __________ kg

	Trial
	Slope of velocity (m/s) vs time (s) = Acceleration (m/s2)
	Weight of Hanging Mass (N)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


ANALYSIS:

1) Plot a graph of “Weight of Hanging Mass” as a function of “Acceleration”. Create a best fit line and calculate the slope of your graph.  Include the graph with this lab.
Slope = ________________

2)  Was your best fit a linear function?  ___________ Explain:
3)  Why was mass moved from the cart to the hanging mass support?

4)  What are the variables in this experiment?

5)  What is constant in this experiment?

6)  What should the slope of your graph measure?  

7)  What is the percent error for your experimental slope and the actual value of your slope?

Teacher’s Guide- Forces on a Ramp 


Answer Key

Pre-lab

1. time, distance (length of ramp), angle of incline, mass of the object

2. Students should use F=mg to find the weight of the object (98 N), then use         F parallel =mg sin (20) to find the parallel component (33.5N).

3. Answers will vary, but many students will know that acceleration increases as the angle increases

4. Many students will think that the frictional force only depends on the properties of the two surfaces.  Actually, it depends on the properties (coefficient of friction) and the value of the normal force.  

Analysis Questions

1. Students should use the Δx = vit + ½ at2 equation, where: vi is zero, Δx is the length of the ramp, and t is the average time for that incline.

2. Students should use F = ma to find net force for each incline.

3. Students should use the same equations as in pre-lab #2 to calculate the force pulling the object down the ramp.  Then they should use Fparallel  + f kinetic = ma to find the frictional force.  

4. At this point, students should recognize that angle and acceleration vary directly while angle and frictional force vary inversely.

Forces on an Incline

Pre-lab questions

1. As an object moves down a ramp, what force is responsible for its acceleration?  

2. If a 10 kg object is on a ramp with an incline of 20°, what is the value of the component of gravity that acts parallel to the ramp?

3. What is the relationship between the angle of inline of a ramp and the acceleration of an object as it moves down that ramp?

4. What is the relationship between the angle of incline and the frictional force exerted on an object moving down a ramp?

Materials

· Ramp (board or two triangle meter sticks)

· Object to use on ramp (dynamics cart or matchbox car for board; golf ball or other small ball for meter sticks)

· tape

· Stopwatch

· Meter sticks or measuring tape

· Electronic balance or triple beam balance

Procedure

1. Obtain a ramp, some books or other objects to create an incline, and an object to roll down the ramp.

2. Use the balance to find the mass of your object.  Record this mass.

3. Set up the ramp with a low incline.  Mark the starting point for your object with a piece of tape.  Measure the distance from the starting point to the end of the ramp.  Record this as the length of the ramp in Table 1.  Measure the distance from the starting point directly downward to the tabletop (or floor if you are setting this up on the ground), and record this as the height of the ramp in Table 1.  

4. Hold the object at the starting point, and then release the object and start the stopwatch simultaneously.  Stop the stopwatch when the object reaches the bottom of the ramp.  Record the time in data Table 2.

5. Repeat step 4 two more times. 

6. Repeat steps 3-5 for two more inclines, and record your results in data Table 2.

Data Tables

Mass of object:  _________________kg

Table 1

	
	Length (m)
	Height (m)
	Angle (degrees)

	Incline 1
	
	
	

	Incline 2
	
	
	

	Incline 3
	
	
	


Table 2

	
	Incline 1
	Incline 2
	Incline 3

	
	Time (s)
	Time (s)
	Time (s)

	Trial 1
	
	
	

	Trial 2
	
	
	

	Trial 3
	
	
	

	Average time (s)
	
	
	


Analysis
1. Using the average times in data Table 2, calculate the acceleration for the object on each incline.  Show your work!!

2. Using your accelerations from question #1, calculate the net force exerted on the object on each incline.  Show your work!!

3. Although the frictional forces in this experiment are small, they should not be neglected.  Using the net force from question #2 and the mass of the object, calculate the frictional force for each angle.  Show your work!!

4. Summarize the relationships between:

a. Angle and acceleration

b. Angle and frictional force

Newton’s Law of Universal Gravitation

TEACHER NOTES:

           

INSTRUCTIONS:

Each student works in an assigned team and serves as problem solver, teacher and evaluator within that team structure.  The team number of each team indicates the starting place for problem solving.  Team 2 starts with problem 2; team 4 starts with problem 4 and team 5 starts with problem 5. 

All work must be shown and completed by EVERY member of the team.  Team members are allowed and encouraged to help each other in working their team problem.  Once the entire team finishes the team problem assigned, the entire team presents their solutions to the teacher.  If the team has errors, the teacher answers questions about the process of solving the problem but will not “sign off” until the correct answer is presented by every team member.  If the solution and work for all team members is correct, then the teacher “signs off” the team as qualified to teach the problem and grade the problem for other teams.  An important process of this activity focuses on not only the correct answer but especially the work that creates that answer!

Once the “team problem” is completed, all teams solve all the remaining problems.  Then the teaching/evaluation process between team begins.  Teams move to other teams for validation and/or instruction. If both work and solution are correct for their problem, then the team “signs off” (with their initials) the problem that is their “team problem” for the other teams.  Each team is also responsible for teaching concepts related to their problem to all other teams.  All work must be shown and be correct for a team to give “sign off” to any individual.

When all problems are “signed off”, students turn in both solutions and answers with a “sign off” signature before each problem.  

Hints to the Teacher:

1.  Make sure that the students understand the concepts when they present work to you for your “Sign Off”.  Ask them questions about what they did and ask where they had difficulties.  Help with difficulties if necessary and circle math errors.  Allow them to return for “Sign Off” if they correct the errors.

2.  Caution each team to check any work before they sign off on other students.

Newton’s Universal Law of Gravitation “SIGN-OFF”
Name: 

You must show all work for credit and to be signed off by another team.

_________ Team 1   

Find the gravitational attraction between a 50.0 kg boy and a 45.0 kg girl at a distance of separation of 0.500 meters

_________ Team 2

What is the value of “g”, the acceleration of gravity at an altitude (measured from the Earth’s surface) of 3 Earth radii? 

_________ Team 3 

If an object weighs 270 N on the surface of the earth, then what will the object weigh at an altitude equal to two earth radii?

_________ Team 4

A 900 kg space probe lands on a distant moon with 1/4 the radius of earth and 1/3 of the mass of earth.  What is the weight of the probe on this planet?

_________   Team 5 

What is the value of the acceleration of gravity (“g”) on the planet Jupiter?

_________   Team 6

A communications satellite is in a circular orbit at an altitude of 2 earth radii.  What is the speed that the satellite has when placed in this orbit?

Newton’s Universal Law of Gravitation   TEACHER KEY
You must show all work for credit and to be signed off by another team.

_________ Team 1   

Find the gravitational attraction between a 50.0 kg boy and a 45.0 kg girl at a distance of separation of 0.500 meters

F =[ (6.67 x 10-11) x 50 x 45] / 0.52 = 

_________ Team 2

What is the value of “g”, the acceleration of gravity at an altitude (measured from the Earth’s surface) of 3 Earth radii? 

F = mg = [GmM]/r2  Since m drops from both sides, this becomes g = GM/r2.  Because G and M are constants, GM = g1r12=g2r22.  This gives us (9.8)(1R)2 = (g2)(1R+3R)2.  Solving for g2, g2= (9.8)(1R2)/(16R2)= 9.8/16 = 

_________ Team 3 

If an object weighs 270 N on the surface of the earth, then what will the object weigh at an altitude equal to two earth radii?

F = (GmM) /r2 = weight       GmM = weight x r2 = constant (neither G, m or M changes) so that weight 1 x r12= weight 2 x r22   

270 x R2 = Weight 2 x (3R)2  NOTE:  R must be measured from the center where altitude is measured from the surface so 1 R must be added to any altitude).

Weight 2 = (270 x R2)/(9R2)=

_________ Team 4

A 900 kg space probe lands on a moon with 1/4 the radius of earth and 1/3 of the mass of earth.  What is the weight of the probe on this planet?

F = GmM/r2 = weight     Gm = constant = weight x r2/M so that Weight 1 x R12/M1= weight 2 x R22/M2.   

900 x R2/M = Weight 2 x (1/4 R)2/(1/3M).  Solving for Weight 2 gives [900 x 1/3 M xR2]/ [M x 1/16 x R2] =  

_________   Team 5 

What is the value of the acceleration of gravity (“g”) on the planet Jupiter?

Weight = mg = GmM/r2 so that g = G mM / mr2 = (6.67 x 10-11)(1.90 x 1027)/(7.15x107)2=

 

_________   Team 6

A communications satellite is in a circular orbit at an altitude of 2 Earth radii.  What is the speed that the satellite has when placed in this orbit?

GmM/r2 = mv2/r where m = mass or orbiting satellite and M = mass of Earth

V2 = GM/r

V2 = (6.67 x 10-11)(5.98 x 1024)/(3 x 6.38x106) = 2.08 x 107 m2/s2  

V = 

Bridge Project

Teacher Information


This activity is designed to allow students to explore the relationship between physics and engineering.  



Suggested timeline: To give students enough time to successfully research, plan, and build the bridge, assign the project about a week before you begin studying forces, and give them about 2-3 weeks to plan and build.  To allow students time to analyze the results of the competition, the written component should be due a few days after the competition.  

Materials: 3/32” balsa or basswood.  There are many sources for this, but it is cheapest to buy in bulk.  Fisher Scientific and Modern School supplies both sell bridge building kits that come with the wood and the glue.  Modern School supplies also sells the wood by itself.  Each group of students will need about 20 pieces of 24 inch long wood to build a bridge with the dimensions listed in this activity.  Small amounts can be purchased at craft stores, like Michaels, but they usually don’t have enough for the entire class.  There is also an excellent FREE bridge design program called West Point Bridge Designer.  To obtain the program, go to http://bridgecontest.usma.edu/download.htm.  The program is updated every January, so it is advisable to check back regularly to get the newest version.

Testing Apparatus:  You will need a 3in x 3 in block of wood with a hole drilled through the center of it.  This block will rest on top of the center of the “roadway” of the bridge.  

  l-------3 inches--------l




   






A eye bolt (flat ended screw with a loop on one end) will come up hook side down from the bottom of the bridge, through the roadway, and through the block of wood to the other side, where it is fastened with a nut.  A bucket is then hung from the eye bolt using either strong, thin rope or chains.  The bridges will often hold enough weight to break most common small ropes, so chains are preferable.  Weight can then be added to the bucket in small increments by the students.  Students near the bridge being tested should wear goggles at all times, because the wood may splinter as it breaks!


Bridge Efficiency: Efficiency for each bridge can be found using the following formula: 

% Efficiency = (weight of the load (lb) / weight of the bridge (lb)) x 100

Physics Bridge Project

Purpose:  

1. To demonstrate your knowledge of forces by designing, constructing, and testing the most efficient bridge that meets class specifications

Materials allowed: 

1. Balsawood (3/32 inch square pieces), which may be notched, cut, or sanded.  Wood may NOT be laminated.  This means you cannot glue two or more regular strips directly next to each other.  You must leave a space large enough for a piece of paper to slide between them.

2. Any commonly available adhesive (meaning I can buy it at wal-mart, k-mart, or a craft store).  No two step adhesives allowed.  

3. No nails, screws, or tacks

4. No stains, paints, or other coatings

5. You may not coat your bridge in glue.

Construction:

1. The bridge must span a gap of 10 inches but be no longer than 14 inches.

2. Bridge must be no taller than 7 inches above the support surface and no shorter than 3 inches above the roadbed. 

3. The bridge may project no further than 2 inches below the support surface.

4. The bridge must have a horizontal roadbed that is at least 10 inches long.  The roadbed doesn’t need to be “paved”; it just needs to connect the two sides of your bridge.

5. The bridge must be at least 4 inches wide, so that we can stack the weight on top of it.  The weight will actually be hung below the bridge, using a small wooden plate (3 in. x  3 in) with a screw that attaches to the block and drops down below the bridge. A bucket will be attached to the screw via a string or wire.  Therefore, you need to have a support structure that is at least 3x3 inches in the center of your bridge.  This support structure should have a small hole (approximately ½ in) for the screw to go through.  

Due dates:

1. Bridge design: must be accurate, and drawn to scale.  Should include the materials that will be used (amounts). Due______________.  I will not be giving out the wood until I have seen your design.  If you want to turn it in early, that is fine.
2. The actual bridge: must meet all of the requirements above.  Due ________________________.
3. Lab Report: Due _________________.
Bridge Project

Rubric/ Lab Report Instructions

Bridges will be graded as follows:

1. Blueprints: worth a total of 10 points.  These will be graded based on neatness, accuracy, and design.  Blueprints should be clearly labeled, drawn to scale, and should show three different views: the top, the side, and looking straight down the roadway.

2. Bridge Construction:  worth 20 points.  This will be graded based on the execution of your design.  Did you follow your blueprints?  If not, did you submit revised plans?  Is your bridge neatly built?  Excess glue, uneven joints, and general sloppiness count here! 

3. Efficiency competition: worth 20 points.  This will be graded based on the efficiency of your bridge.  

· 20 points:  1 lb/ g

· 15 points:  .7 lb/ g

· 10 points:  .5 lb/ g

· 5 points:    .3 lb/ g

4. Lab Report: worth 50 points.  

· should include a background section detailing the different types of bridges

· how bridge design relates to physics

· include instructions detailing how you built your bridge (with enough detail so that I could pass them out to another class as instructions).  

· Description of other groups bridges

· efficiency data for all bridges

· discussion of the efficiency contest winners and how their design contributed to the win

· explain which parts of your bridge were the first to break, and why

· improvements that could be made to your bridge (and possibly to other bridges).  Include a sketch of your improvements.  Remember, all of the bridges, even the winner could be improved.

· if I changed this assignment so that you could use any common materials, what would you have built the bridge out of? Be creative!  Creative responses will receive more points than things like cinder blocks or single planks of wood.  Include a sketch of your new design.

EVALUATE:
Unit Three Assessment
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1. What is the mass of the object?

_____________________

2. If a 25 N force were exerted on this object, what would its acceleration be?  _____________

3. Draw the free body diagram for a 20 kg suitcase that is being pulled across the floor at constant velocity with a force of 75 N at 35° above the horizontal.


4. A 17 kg sled is pulled across the ground with a force of 96 N at 17° above the horizontal.  If the frictional force is 10 N, what is the acceleration of the sled?

5. A 60 kg boy on a skateboard starts from rest at the top of a 12° incline.  If the frictional force between the wheels and the incline is 25 N, what is the boy’s acceleration?


6. Assuming the incline from #5 is 3 m long, what is the boy’s speed when he reaches the bottom?

7. A 65 kg gymnast is practicing on the rings.  If his arms each make a 30° angle with the vertical, what is the force on each arm?

8. Identify the action-reaction pairs of forces in the following:

a. A  0.5 kg bowl resting on a table

b. A 0.25 kg racquetball hitting a wall
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9. Identify a segment of the graph where the object experiences an unbalanced force.  Explain your reasoning.

TEACHER KEY FOR ASSESSMENT
1. Choose a point on the graph, and use F = ma .
4 = 2m

M = 2 kg
2. Use the mass from #1, and solve F = ma .
25 = 2a

a = 12.5 m/s2







3. Break Fa into its x and y components.
Fax = 96 cos 17°

92 N
Fay is not needed here.  It would be used to find the normal if required.


Use Fnet = ma to find acceleration.



92 – 10 = 17a




a = 4.8 m/s2
4. Break the weight vector into components that are perpendicular and parallel to the incline.
5. 
Fpar = 588 sin 12°

122 N


F perpendicular is not needed.  It would be used to find the normal if required.


Use Fnet = ma to find acceleration.



122 – 25 = 60a




 a = 1.6 m/s2
6. Use vf2 = vi2 + 2ax

Vf2 = 0 + 2(1.6)(3)


9.6

Vf = 3.1 m/s

7. Use F = ma to find weight.

       F = 65(9.8)


= 637 N

Each arm supports half of the weight since they are at the same angle.

Use trigonometry to find the hypotenuse, which represents the force on each arm.

F = (319 / cos30°)

   = 368 N

a. The bowl exerts a force on the table, the table exerts a force on the bowl.

b. The racquetball exerts a force on the wall, the wall exerts a force on the ball.

8. From t = 7s to t = 11s.  The slope of the line between those points is curved, which indicates that velocity is not constant.  Changes in velocity are caused by unbalanced forces.









































































































































































































































































































































































(Language (ELP) Objectives for LEP Students:


Describe in own words written or verbally Newton’s Third Law and give specific examples.


Think=pair-share explanation with partner and/or class.








(Language (ELP) Objectives for LEP Students:


Construct and turn in a lab report using the Steps of the Scientific Method format.


Verbally present results of lab report to class or partner


Write in paragraph form observations, inferences and predictions of a specific scientific observation (provide specific topics to choose from)


Draw a concept map which illustrates the difference between evidence and explanation








( Language (ELP) Objectives for LEP Students:


Describe in own words written or verbally Newton’s Second Law and give specific examples.


Think-pair-share explanation with partner and /or class








( Language (ELP) Objective for LEP Students:


Describe in their own words written or verbally Newton’s First Law of Motion and give a specific example.


Think pair-share explanation with a partner and/ or the class.








Fg





30°





319 N





Fapplied





Fkinetic





Fg





ENGAGE:  Ask students to imagine pushing a very, very heavy file cabinet for a physics teacher that wants the cabinet moved to the other side of the room.  Then ask each student to draw a funny picture of the way she pushes the cabinet (Post them at some place in the room under the title “My Body Diagrams”). 


EXPLORE:  Students explore the simulation before they actually start to focus on details.  This serves as a very important overview from which to create specific foundation concepts.


EXPLAIN:  Students explain the process they create to relate force, mass and acceleration.


ELABORATE:  When friction is included students must elaborate on the net force principle.  


EVALUATE:  Students reflect on four main concepts developed in this simulation.








This activity is designed to be used towards the end of the study of forces.  To be able to complete the calculations, students will need to have a good understanding of how to solve problems involving Newton’s second law.  They need to be able to analyze and break the weight (Fg) vector into components that are parallel and perpendicular to the ramp.  





Engage: One way to begin this lesson is having students brainstorm situations where objects are moving on an incline.  They should come up with ideas such as: rollercoasters, cars driving on mountains, or objects rolling down a hill. 





Explore: Students explore the effect that the angle of incline has on the acceleration of the object and the friction between the object and the ramp.  





Explain: Upon completion of the lab, students are asked to explain the relationships between:


	Incline and acceleration


	Incline and frictional force 





Elaborate: Students should be asked to share their findings with other lab groups.  As an extension, they could also be asked to use the normal force and frictional force to calculate the coefficient of friction for the surface and object.  





Evaluate: A post lab discussion should be used to evaluate student understanding of the key concepts.  Any misconceptions should be cleared up at this time.   








Engage: One way to engage students in this activity is to show pictures of various types of bridges and have students discuss the purpose of the bridge, which is to redistribute forces in the most efficient way possible. 





Explore: Students use the West Point Bridge design program to construct different types of bridges.  This program allows them to see compression and tension forces, as well as to learn the fundamentals of bridge design.





Explain: The written component of this project requires students to describe the different types of bridges as well as to analyze the designs of the bridges created by their class.  This forces them to think about the strengths and flaws of each design, and to discuss ways to improve each bridge.





Elaborate: The competition portion of this project provides an opportunity for students to discuss physics concepts in a practical scenario. Facilitate this discussion by asking students to make predictions about the weakest parts of each bridge.  As the competition continues, they should be able to more accurately predict how each structure reacts to stress.





Evaluate: The written component of this project provides a way to gauge student understanding.  Students are required to analyze each bridge and discuss ways to improve them.   This analysis provides insight into each student’s level of understanding.








4.56 x 103 m/s





24.8 m/s2





4800 N 





Weight 2 =30 N





0.613 m/s2





6.00 x 10-7 N





Teacher’s Guide:


ENGAGE:


A good activity to start this experiment is a demo with a helium balloon (from dollar store).  Allow the balloon to accelerate upward.  Ask the question, “What is the direction of the acceleration of the balloon?”.  


Next, add mass to balance the buoyancy force and hold the balloon at rest if possible.  Ask the questions “1) Name some forces acting on the balloon. (weight, lift or buoyancy force)  2) What is the net force acting on the balloon? (zero)”.  


Lastly, add enough mass that the balloon falls when released from rest.  Ask the questions “1) Name some forces acting on the balloon? (weight, lift or buoyancy force)  2) What is the direction of the net force acting on the balloon? (downward)”.


EXPLORE:


Students explore how changing the net force affects the acceleration of the total mass.


EXPLAIN:


The exploration is followed by a request to explain what is seen and discovered in the questions at the end of the lab.


ELABORATE:


Students should share their findings after this activity in a class post-lab discussion with the teacher.   This is a very good “white board activity”.  As such, each lab team presents their graph, and the relationship that their graph predicts.


EVALUTE:


In the post-lab discussion, evaluate the findings discussed.  Make a list from the student’s comments and clear up any misconceptions.








FN





Motion detector (or stopwatch in hand of student)





Hanging varying mass





pulley





Dynamics cart with varying mass





ENGAGE:


Place the quotes listed below on the board or overhead projector.


“You teach best what you most need to learn”—Richard David Beck


“If you would thoroughly know anything, teach it to others.” –Tryon Edwards


Ask students to read both quotes and ask a few students to tell you which one they liked the best and why.  Then tell them that today’s activity is based on both quotes.


EXPLORE:


Students explore Newton’s Universal Law of Gravitation through problem solving in teams.


EXPLAIN:


Students are the teachers for one of the six problems and must explain to the teacher and to all other students how to work the problem if questions arise.


ELABORATE:


After this activity, students should share their opinions about how well this structure worked for them in a class discussion with the teacher.  Some good questions are: “Were you successful in teaching your problem?” “What was the most difficult part about “Sign Off”?  “Did your team work well together?”


EVALUTE:


Students learn to evaluate the work of peers by making sure not only the correct answer is presented but also the correct work!
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